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light  linemen  and  for  dynamo  winders  and  other  workmen 
unng  soldering  materials. 

TelepboBio  SwitoUnff. — An  excellent  paper,  excel- 
lently illustrated,  upon  ''Telephonic  Switching,"  by  Charles 
Henry  Wbrdingham,  A.K.C.,  Stud.InstC.K,  has  been 
issued  by  the  InstitutioQ  of  Civil  Engineers,  The  paper 
was  read  and  discussed  at  the  meeting  ci  students  on  the 
7th  of  March,  1890,  and  was  awarded  a  Miller  prize  for 
the  session  1889-90. 

Oas-Bleotiies. — ^We  fancy  readers  in  England  have 
little  idea  of  how  many  gas  companies  in  America  work 
electric  light  also.  From  the  list  of  stations  in  "  Whipple's 
Bepbrts  **  it  appears  that  276  gas  companies  in  the  United 
States  also  supply  electric  light ;  in  Canada  there  are  21 
gas  companies  with  electric  light  plants ;  and  in  Mexico 
there  is  one  company.  This  is  out  of  a  total  of  970  gas 
companies  in  the  States  and  49  in  Canada.  Mexico  has 
only  one  company,  and  that  a  gas-electric. 

lliiori46  €f  Alnrntatnin. — ^In  the  French  Academy 
of  Sciences  M.  Minet  describes  a  process  of  extraction  of 
aluminium  by  the  electrolysis  of  a  fluoride  of  this  metal  in 
a  molten  state ;  he  employs  an  electrolytic  bath  composed 
of  .chloride  of  sodium  60  grammes,  double  fluoride  of  alumi- 
nium and  sodium  40  grammes.  He  gives  various  details 
of  ^tbe  method  of  procedure.  He  produces  by  this  method 
21*5  grammes  of  aluminium  for  an  expenditure  of  1  h.p. 
hour,  and  30  granmies  might  be  attained  in  actual  practice, 

ai^eii'lbri  Prooass  fier  Pulp. — ^Pulp  manufacturers 
are  deeply  interested  in  an  electrical  method  of  reducing 
wood  in  the  manufacture  of  pulp.  By  this  process  it  is 
claimed  that  the  fibre  is  manufactured  so  cheaply  that  the 
entire  pulp  business  will  be  revolutionised,  and  the  digesters 
now  in  use  be. driven  out  Kelner,  of  Germany,  has  been 
experimenting  for  several  years  with  electricity  in  this 
direction,  and  has  now  succeeded  in  perfecting  the  pro- 
eess.    A  patent  has  been  ai^Iied  for  in  the  United  States. 

Xle^iuiidty  Direct  from,  Work. — ^The  accomplish- 
ment of  an  hitherto  apparently  impossible  feat — the  useful 
transformation  of  mechanical  work  directly  into  electricity 
— is  claimed  by  Prof,  firaun,  of  Tubingen.  He  winds 
nickel  wire  into  spirals,  and  as  each  spiral  is  elongated  or 
compressed  a  current  of  considerable  strength  is  generated. 
This  is  increased  by  putting  a  number  of  spirals  in  parallel. 
Such  porftive  results  are  stated  to  have  been  attained  that 
the  professor  is  hopeful  of  being  able  to  construct  a  practi- 
cal generator  on  this  principle. 

(Hitti*8. — ^The  central  station  established  in  the  Strand 
by  Messrs.  Gkitti's,  the  well-known  restaurant  proprietors, 
is  reaching  large  proportions.  Erected  at  first  to  supply 
their  own  wants  at  the  Adelaide  Gkillery  Restaurant,  other 
persons  near  besought  to  be  supplied,  and  extra  machinery 
was  put  down.  This  was  afterwards  extended,  and  mains 
laid  in  the  Strand.  The  central  station — as  it  now  has 
become — ^is  being  again  extended,  and  sufficient  plant  to 
supply  25,000  16-c.p.  lights  will  be  shortly  available.  The 
machinery  is  being  erected  for  Messrs.  Mather  and  Piatt 
by  Mr.  Spencer  Ghadwick,  assisted  by  Mr.  Earle.  Room  is 
yet  obtainable  to  double  this  output  if,  as  seems  probable, 
the  requirements  rise  to  the  amount  of  50,000  lamps  at  a 
future  period. 

Ibettaiflr  at  Sdliilmrgli. — With  reference  to  the 
oireular  about  arrangements  for  the  Edinburgh  meeting  on 
July  15-17,  issued  to  members  of  the  Institution,  we  under- 
stand that  both  the  X^ondou  and  North- Western  and  the 


Midland  Railway  Companies  have  consented  to  issue  to  any 
of  the  members  return  tickets  of  any  class,  available  for 
eight  days,  at  the  same  reduced  price  as  already  agreed  to 
by  the  Great  Northern  Company — ^viz,,  a  single  fare  and  a 
quarter.  The  tickets  will  be  issued  from  any  of  the  star 
tions  on  these  lines  on  production  of  a  note  signed  by  the 
secretary  which  he  will  issue  in  a  few  days  to  all  who  may 
have  intimated  their  intention  to  attend  the  meeting.  These 
already  number  over  one  hundred.  A  circular  accompanied 
by  a  programme  of  the  proceedings  will  be  issued. 

Southend  Sleotrio  Railway. — ^A  meeting  was  held 
on  the  21st  ult  for  the  purpose  of  sealing  the  contract  with 
Messrs.  Crompton  for  the  construction  of  the  electric  works 
for  tramway  and  lighting  on  the  new  pier.  The  clerk  read 
the  contract,  which  specified  that  the  temporary  work  was 
to  be  completed  by  August  1,  and  to  be  part  of  the  | 
permanent  work,  which  is  to  be  finished  by  May  1, 1891. 
In  default  of  either,  the  contractors  are  to  be  under  a 
penalty  of  £10  a  day.  Some  discussion  arose  on  the  clause 
"  if  not  prevented  by  any  just  cause,"  but  this  was  sanc- 
tioned. The  Board  are  to  provide  foundations  and  engine- 
house.  The  payments  to  be  made  are  £2,880  (this  year), 
£1,000,  and  £505.  The  surveyor  has  been  instructed  to 
proceed  with  the  engine-house  as  soon  as  the  plans  arrive. 

Smoke  in  Paris. — A  severe  attack  has  recently  been 
made  by  the  Paris  Municipal  Council  on  the  electric  light 
stations  of  Paris,  including  the  Municipality's  own  station 
at  the  Halles  Centrales.    Thick  smoke,  noise,  and  shaking 
make  the  life  of  the  neighbours  a  burden.    Coke  is  not 
burnt,  but ''  horrible  coal."    Paris  has  a  law  regulating  fac- 
tories, and  the  Council  has  decided  that  electric  stations,  not 
mentioned  by  the  framers,  are  included.    The  engineers 
must  therefore  subdue  and  annihilate  their  smoke,  and  not 
make  the  air  of  the  most  brilliant  city  of  the  world  com- 
parable to  the  smokiness  of  our  own  London.    When  will 
the  County  Council  of  London  frame  a  few  stringent  rules 
of  the  same  tendency — not  to  diminish  commercial  activity, 
but  to  ensure  clearness  of  atmosphere  to  the  dwellers  in 
the  metropolis  t 

Anstria. — ^The  public  electric  lighting,  which  was  in- 
augurated in  Trient  at  the  beginning  of  June,  according  to 
a  correspondent,  recently  suffered  an  alarming  accident. 
At  11.30  on  the  evening  of  the  27th  ult.  all  the  lights 
went  out  of  a  sudden,  and  as  the  moon  was  not  shining 
the  town  was  plunged  in  darkness.    The  day  had  been 
kept  as  a  public  holiday  in  honour  of  some  local  festival, 
and  the  streets  happened  to  be  full  of  people  escorting  some 
bands  of  music  to  the  railway  station,  so  that  a  great  deal 
of  confusion  ensued.    Fortunately  the  performance  which 
had  been  held  at  the  Opera  in  the  evening  was  over,  or  the 
results  might  have  been  serious.    The  street  lamps  were 
relighted  after  an  hour's  interval.     As  the  authorities  have 
reason  to  believe  that  the  extinction  of  the  lights  was  due 
to  an  act  of  malevolence,  a  judicial  enquiry  into  the  affair 
has  been  ordered. 

fileotric  Block  Semaphores. — Various  means  have 
been  attempted  to  place  a  visible  record  of  the  state  of  the 
section  of  a  railway,  whether  blocked  or  not,  before  the 
train  men  as  well  as  the  station  master.  Perhaps  the 
most  successful  of  these,  says  the  Indian  Engineer,  has  been 
one  invented  by  the  telegraph  superintendent  of  an  India r 
railway,  a  well-known  electrician,  and  which  has  been  adopted 
on  some  Indian  lines,  and  still  more  extensively  in  Australia  < 
This  consists  of  a  semaphore  signal  placed  beyond  the  plat- 
form and  electrically  connected  with  the  block  in^trun^ents 
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in  such  a  way  that  it  can  only  be  lowered  from  ''  danger  " 
after  the  necessary  signals  have  been  interchanged  between 
the  ends  of  the  section.  The  engine  passing  by  the  signal 
itself  automatically  sets  it  again  at  danger,  and  it  cannot 
again  be  taken  off  until  the  arrival  of  the  train  at  the  other 
end  has  been  signalled  and  the  section  again  blocked. 

New  Storage  Battory.— Messrs.  Shippey  Brothers, 
Limited,  have  on  view  and  are  introducing  an  entirely 
new  type  of  storage  battery,  called  the  "  Standard  " ;  it  is 
specially  constructed  for  traction  purposes  and  boat  pro- 
pulsion. The  elements  are  light  in  weight,  and  are  easily 
handled ;  the  plate  consists  of  a  compound  alloy,  and  in- 
stead of  being  vertical  as  is  usual,  they  are  made  horizontal, 
and  in  multiple  layers,  separated  by  china  discs.  At 
present  only  one  size  and  type  will  be  made — viz.,  17 
plate  cells,  200  ampere-hour  capacity,  size  6  J  by  6  by  11 
inches,  adapted  for  rapid  discharge.  The  inventors  do 
not  limit  the  rate  of  charge  between  10  to  100  amperes,  or 
even  the  discharge,  provided  the  cell  does  not  fall  below 
1*7  volts;  buckling  and  warping  is  absolutely  guarded 
against ;  and  installations  are  to  be  kept  in  order  under 
three  or  five  years'  contract,  at  a  fixed  and  stated  charge  of 
15  per  cent  per  annum. 

Sotentific  Treatment  of  Boiler  Wator.— What 
seems  to  be  an  excellent  idea  from  the  point  of  view  of 
employment  of  scientific  methods  to  enhance  the  economy 
of  steam  boilers,  is  that  carried  out  by  Messrs.  Sidney 
Minns  and  Co.,  Trafalgar-road,  Dalston,  who  have  intro- 
duced a  system  of  analysis  and  diagnosis  of  impure  water 
used  in  steam  boilers,  and  the  prescription  of  remedies 
arranged  to  cure  any  kind  of  impurity.  The  nature  and 
amount  of  incrustation  or  corrosion  varies  according  to  the 
Bource  of  the  water,  and  to  use  a  boiler  fluid  haphazard 
does  not  always  remove  the  difficulty.  For  every 
impurity  a  remedy  may  be  found,  and  for  tbis  purpose  an 
analytical  chemist  performs  a  special  analysis  on  a  sample 
of  the  water  in  ordinary  use,  and  the  boiler  fluid  is  made 
up  accordingly.  Messrs.  Minns  have  issued  a  neatly 
printed  pamphlet  giving  particulars  of  their  system,  con- 
taining samples  of  various  analyses  of  different  kinds  of 
scale  in  boilers,  and  fac-simile  letters  of  testimony  from  a 
wide  circle  of  users.  We  notice  the  names  of  the  Metro- 
politan Supply,  Mr.  Ferranti,  the  Electric  Construction 
Corporation,  the  Eastbourne  and  Chelsea  Electric  Light 
Companies,  as  users. 

nanolieeter. — ^In  the  annual  report  of  the  Manchester 
Gas  Committee,  with  reference  to  the  electric  light,  the 
committee  state  that  they  have  given  careful  attention  to 
the  questions  relating  to  the  supply  of  the  electric  light  to 
a  portion  of  the  city.  The  area  proposed  to  be  supplied 
has  been  decided  upon,  the  requisite  clauses  and  pro- 
visions have  been  inserted  in  the  draft  provisional  order 
and  in  due  form  have  been  laid  before  the  authorities  of 
the  Board  of  Trade,  and  now  await  approval.  The  Board 
of  Trade  have  abeady  approved  of  the  provisional  order, 
and,  judging  from  the  decisions  which  have  been  given 
on  the  applications  from  Salford  and  other  towns,  it  is 
thought  to  be  pretty  certain  that  the  Board  of  Trade's 
approval  will  be  confirmed  by  Parliament.  In  such  an 
event  the  Gas  Committee,  who  have  the  matter  in  hand, 
will  probably  advertise  for  tenders  from  the  electric 
lighting  companies  for  the  carrying  out  of  an  installation 
or  installations  sufficient  to  meet  the  probable  requirements 
of  the  area  to  which,  in  the  first  instance,  the  experiment 
will  be  confined.  By  the  terms  of  the  order  the  Work  must 
be  carried  out  within  a  certain  time,  and  if  Parliament 


sanctions  the  order  it  is  probable  that  the  works  for  the 
supply  of  the  electric  light  will  be  begun  during  the  coming 
winter. 

Mrs.  Swan's  Garden  Party.— The  garden  party  at 
the  house  of  Mr.  J.  W.  Swan,  M.A.,  when  lifts.  Swan 
received  a  numerous  and  brilliant  assemblage  of  friends, 
took  place  on  Wednesday  afternoon.  The  long  series  of 
wee  days  and  thunderstorm  showers  had  rendered  those 
concerned  apprehensive  of  the  proverbially  ^fickle  English 
weather,  but  fortunately  the  rain  held  off,  and  though  an 
ominous  growl  was  even  heuti  onc4»  or  twice,  the  afternoon 
was  passed  in  a  cool  and  pleasant  atmoepfaet^  Many  per- 
sons distinguished  in  scienee,  and  Specially  electrical 
science,  were  present^  and  the  oostunfee  of  the  huliee  made 
a  lovely  scene,  and  especially  striking  were  those  of  the 
little  programme  distributers,  who,  in  garments  of  pansy, 
poppy,  and  lily,  tripped  about  distributing  pories.  One  of 
the  features  of  the  gathering  was  the  distribution  of  photo* 
gravures,  printed  by  one  of  Mr.  Swan's  processei^  taken  of 
these  children  a  day  or  two  previously.  Experiments  in 
the  electrical  settlement  of  tog  or  sm<^e,  after- Df.  Oliver 
Lodge's  method,  were  beautifully  shown,  the  flakes  of 
magnesium  smoke  appearing  Uke  a  mihiature'siiowstorm. 
Singing  and  sensitive  flames  also  afforded  much  sdentific 
interest  and  wonder.  Mr.  Grossmith  gave  some  intensely 
humorous  sketches  in  the  drawing-room,  and  Mrs.  Barker 
recited.  The  garden  party  reflected  that  atmosphere  of 
mingled  science  and  artistic  culture  which  is  soeh  a  dir- 
tingoishing  feature  of  Mr.  Swan's  home  at  Lauriston. 

Glasgow  Tramways, — ^The  Tramways  Committee 
of  the  Glasgow  Corporation,  who  are  the  owners  of  the 
system,  have  during  the  last  12  months  had  the  question 
of  the  renewal  of  the  lease  under  their  consideration.  Thid 
attention  of  the  leading  members  of  the  Corporation  con- 
nected with  the  tramway  undertaking — prominent  among 
whom  is  Bailie  Walter  Paton,  the  convener  of '  tbe  com- 
mittee— has  been  very  much  directed  lately  to  the  question 
of  electricity  as  a  motive  power.  From  the  enquiries  they 
have  made,  and  the  experiments  they  have  witnessed,  those 
gentlemen  are  satisfied  that  electricity  is  the  motor  of  the 
future,  and  that,  moreover,  it  might  have  a  very  important 
place  in  solving  the  working  of  the  Glasgow  tramway 
system.  Electric  cars  are  already  in  operation  in  London, 
Birmingham,  Liverpool,  and  other  cities  in  England ;  and  as 
the  Corporation  of  Glasgow  are  promoting  a  provisional 
order  for  the  purpose  of  securing  the  whole  power  of  light- 
ing the  city  with  electricity,  it  seems  to  them  obvious  that 
if  the  Corporation  can  themselves  snpply  the  current  which 
will  be  required  for  working  the  tramways,  it  can  be  done 
on  a  much  more  economical  scale  than  by  any  outside  com* 
pany.  It  is  equally  obvious  that  it  is  not  to  the  interest  of 
the  present  tramway  company,  which  has  ex|)ended  a  con- 
siderable sum  in  providing  stabling,  horses,  and  cars,  which 
are  not  adapted  for  being  propelled  by  electricity,  to  adopt 
electricity  as  a  motive  power.  In  the  meantime  the  Tram- 
ways Committee  are  securing  all  the  available  information 
on  the  subject,  as  it  is  necessary,  within  the  next  six  months 
or  so,  to  come  to  some  decision. 

Post  OAoe  Jabilse. — ^The  conversaziom  of  the  jubilee 
celebration  of  the  penny  post  was  held  on  Wednesday  even- 
ing in  the  South  Kensington  Museum,  and  a  very  numerous 
and  brilliant  concourse  wandered  about  inspecting  Post 
Office  instruments — old  type  and  new  type^ — sending  and 
receiving  messages  by  lirte  from  Bristol  or  by  cable  Iroln 
Berlin.  Post  offices  in  the  old-flMhioned  style  were  fitted 
tip,  and  the  newest  modern,  and  the  expiscted  future  forms 
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of  post  office  of  1990,  with  lightning  express  tubes,  answers 
from  all  parts  while  you  wait,  indicated  what  we  might 
expect  in  the  next  century.  Perhaps  the  most  interesting 
item  of  attraction  was  the  "  Electrophonoscope,"  a  realisa- 
tion of  visual  telegraphy,  by  which  the  sender  of  a  tele- 
graphic message  could  be  seen  as  well  as  heard.  The  news 
of  this  was  noised  abroad  a  day  or  two  before,  in  a  cun- 
ningly-worded circular,  and  we  know  for  a  fact  that  not  a 
few  well-known  electricians  were  anticipating  the  sight  of 
a  brilliant  and  memorable  invention.  It  is  said  that  the 
news  was  cabled  to  America,  and  it  was  even  whispered 
that  &d-s-n  had  cabled  back  that  he  had  already  in- 
vented it  and  his  credit  must  not  be  infringed.  We 
give  the  text  of  the  notice  elsewhere.  The  a£Eair  was 
a  huge  joke  of  Prof.  Hughes,  F.RS.,  such  as  this 
member  ot  the  Boyal  and  the  Lion  Club  is  known  to  delight 
in.  An  old  artifice  of  the  Prof.  Pepper  kind  had  been 
neatly  rigged  up  so  that  the  illuminated  face  of  the  speaker, 
some  30  yards  away  and  round  a  comer  or  two,  could  be 
plainly  seen  nodding  and  gesticulating  in  a  bright  light — 
as  the  note  says,  "a  reaUsation  of  what  we  may  expect  in 
1990." 

Uangrcdlen. — At  the  last  meeting  of  the  Llangollen 
Local  Board,  Messrs.  Fawcus  and  Cowan,  the  engineers  of 
the  electric  light  company,  Keswick,  having  obtained 
permission  to  explain  a  project  for  supplying  the  electric 
light  to  Llangollen,  appeared  before  the  Board  to  explain 
the  scheme,  and  reply  to  any  questions  relating  thereto.  A 
vast  quantity  of  waterp  ower,  they  stated,  in  the  river  at 
Llangollen  was  running  waste,  which  could  be  utilised  to 
supply  the  motive  power  for  machinery  to  produce  electric 
light  for  the  public  and  private  use  of  the  town.  The  first 
question  was  whether  that  Board  would  be  ready  to  enter- 
tain the  question  of  lighting  the  streets  with  elec- 
tricity. It  would  require  but  a  very  small  space  to 
lay  down  the  plant  The  machinery  would  be  worked 
by  a  turbine  as  the  cheapest  and  at  the  same  time 
steadiest  of  all  powers.  At  Keswick,  in  Cumberland,  they 
had  carried  this  system  out,  and  it  had  proved  a  very  great 
success.  They  considered  that  Llangollen  was  similarly 
situated  to  Keswick,  in  regard  to  the  means  of  supplying 
the  motive  power.  In  reply  to  questions,  it  was  further 
stated  that,  roughly  speaking,  the  expense  would  be  about 
£4  per  lamp.  A  space  of  28ft.  by  18ft.  would  be  sufficient 
to  contain  the  machinery  necessary  to  produce  1,000  lights. 
They  were  now  negotiating  for  the  lighting  of  hotels  and 
houses  at  Llandudno.  The  total  cost  of  the  works  for 
Llangollen  would  probably  amount  to  about  £5,000.  The 
Board  thanked  Messrs.  Fawcus  and  Cowan,  who  promised 
to  send  at  an  early  date  calculations  which  they  thought 
would  enable  the  Board  to  form  a  clearer  idea  of  the 
matter. 

Board  of  Trade  Tootiiiff  Station.— The  Board  of 
Trade  having  organised  and  largely  increased  their  electric 
light  department,  some  time  ago  took  further  offices  at  8, 
Richmond-terrace,  Whitehall,  and  Mr.  Bennie,  late  assis- 
tant to  Sir  William  Thomson,  at  Glasgow,  is  now  busy 
fitting  up  the  premises  as  a  permanent  testing  laboratory. 
A  4  h.p.  nominal  Otto  gas-engine  is  already  down,  belted 
to  a  Kapp  continuous-current  dynamo  of  130  volts  and  30 
amperes,  made  by  Messrs.  Johnson  and  Phillips.  The  gas- 
engine  is  fitted  with  Crossley's  new  arrangement,  doing 
away  with  the  slide-valve.  This  consists  of  a  closed  gas- 
tube,  heated  to  a  dull  heat  from  the  outside,  the  lighted 
gas  being  drawn  in  without  being  allowed  to  communicate 
with  the  outer  air.     A  further  Kapp  dynamo  of  200 


amperes  is  also  to  be  put  down.  A  set  of  accumulators  of 
the  ordinary  type  will  be  charged  by  these  dynamos,  and 
will  drive  motors  which  wiU  run  other  dynamos,  giviog 
both  high-tension  direct  and  high-tension  alternating  cur- 
rents. A  few  very  large  Crompton  storage  cells  will  also 
be  fitted,  charged  by  the  200-ampere  low-tension  dynamo. 
These  will  be  used  for  calibrating  and  testing  the  instrumentB 
up  to  2,500  amperes.  A  complete  set  of  Thomson  current 
balances  will  be  fitted,  and  arrangements  are  now  being 
made  for  the  fitting  of  a  large  set  of  standard  cells,  and  a 
static  voltmeter  is  ahready  in  place,  measuring  100  volts  and 
thereabouts,  built  up  as  a  series  of  quadrant*  voltmeters, 
and  so  indicating  the  potential  with  no  passage  of  current 
Other  instruments  are  also  being  fitted,  and  this  laboratory 
will  doubtless  form  one  of  the  most  complete,  as  it  certainly 
will  be  the  most  convenient  in  the  metropolis. 

Hong  Kong.— The  electric  lighting  of  the  main  streets 
of  Hong  Kong  will  in  all  probability  be  completed  by 
October.  Most  of  the  phint  is  already  in  the  works  at 
Wanchai,  and  operations  are  being  pushed  on.  The  electric 
light  company  have  already  been  promised  by  the  Govern- 
ment a  contract  for  50  arc  lights  on  the  Brockie-Pell  system 
in  the  main  thoroughfares.  They  will  be  placed  along 
Queen's-road  and  the  Praya  at  intervals  of  150  yards.  The 
present  gas-lamps  do  not  really  illuminate  the  streets,  but 
are  only  so  many  dim  lights  showing  where  the  road  is. 
The  new  lamps  will  also  be  used  for  concert-rooms  and 
public  halls  as  well.  For  house  lighting  it  has  been  decided 
to  adopt  the  alternating  transformer  incandescent  system, 
now  so  extensively  ui^ed  in  England.  The  lamps  are 
16  c.p.  and  8  c.p.,  the  former  for  apartments  and  the 
latter  for  passages  and  reading  desks.  There  are  three 
Kapp  alternating  dynamos,  each  capable  of  supplying  850 
lights.  They  will  be  driven  by  compound  engines  working 
up  to  100  h.p.  indicated.  Only  two  of  the  dynamos  will 
be  in  regular  use,  the  third  being  kept  as  a  stand-by  in 
case  of  a  breakdown.  These  will,  therefore,  be  nominally 
able  to  supply  1,700  16-candle  lights,  but  really  the  re- 
sources will  be  much  greater.  Hong  Kong  is  to  be  sup- 
plied with  3,500  8-c.p.  lights.  But  it  has  been  found  from 
experience  that  there  are  seldom  more  than  half  the  lights 
going  at  once,  so  that  it  would  be  possible  to  furnish  6,000 
lights  with  the  present  plant.  Every  precaution  has  been 
taken  against  the  stoppi^  of  the  light  when  once  in  use. 
The  wires  are  extra-strongly  insulated,  and  will  be 
stretched  between  strong  iron  posts.  There  will  be  very 
little  danger  of  their  breaking,  as  they  will  be  supported 
by  strong  steel  "  bearers." 

Xleotiioal  Chemiatry. — The  erection  of  a  factory  for 
the  manufacture  of  chlorate  of  potash  by  electricity  at  Yal- 
lorbes,  in  Switzerland,  has  already  been  announced.  This 
process  acts  by  decomposing  die  solution  of  chloride  of 
potassium  by  the  current  according  to  the  method  of  M.M. 
Gall  and  Montlaur.  Mention  has  also  been  made  of  the 
manufacture  of  soda  by  electrolysis  of  sea  salt.  This  process 
can  be  made  commercial,  it  is  found,  if  the  power  for  the 
production  of  the  current  can  be  obtained  from  surplus 
power  or  from  natural  sources.  The  soap  industry,  which 
uses  soda  largely,  is  now,  we  hear,  on  the  Continent  at- 
tempting to  employ  this  electric  process  for  the  production 
of  soap,  so  that  electric  soap  works  may  perhaps  be  those 
that  will  produce  this  now  much  advertised  article  in  the 
near  future.  Electric  bleaching  of  paper  pulp  is  now  com- 
mercially employed,  and  Darblay's  large  paper  mill,  of 
Essonnes,  exhibited  and  worked  a  machine  for  this  purpose 
at  the  Paris  Exhibition.    Lately  ELellner,  of  Vienna,  has  de- 
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scribed  the  transformation  of  wood  into  paper  pulp  by  the 
electrolysis  of  a  salt  solution  into  which  the  sawdust  or  wood 
was  immersed.  The  disintegration  and  bleaching  of  the 
vegetable  fibre  took  place  at  the  same  time  by  the  action  of 
the  soda  and  chlorine  formed  by  the  passage  of  the  current. 
We  have  seen  that  the  electric  tanning  of  leather  greatly 
shortens  the  time  necessary  for  manufacture.  M.  Perreur- 
Lloyd  has  shown  that  many  commonly  used  chemical 
crystals  can  be  well  and  more  cheaply  made  than  by  ordi- 
nary systems  and  yet  have  a  large  current  which  can  be  use- 
fully employed  or  stored,  as  a  by-product  Electricity  is 
gradually  invading  the  whole  domain  of  commercial  chemis- 
try, and  few  trades  will  remain  that  have  not,  in  some  form 
or  other,  an  application  of  the  electric  current. 

Bfadiaon-sanare  Gardens. — What  is  claimed  to  be 
the  largest  enclosed  place  of  amusement  in  the  world  was 
thrown  open  to  the  American  public  a  fortnight  ago,  in  the 
new  Madison-square  Gkirden,  New  York.  There  are  four 
distinct  features  in  this  huge  undertaking — an  immense 
amphitheatre,  a  large  theatre,  a  concert  hall,  and  a  caf ^. 
There  will  also  be  an  outdoor  garden  on  the  roof,  and  an 
observation  tower.  The  steel  trusses  of  the  amphitheatre 
have  186ft.  span.  The  building  is  lighted  electrically,  and 
has  at  present  3,600  incandescent  lamps ;  the  total  number 
when  completed  will  be  6,000  lamps.  The  plant  consists 
of  four  Edison  dynamos  to  start  with  to  light  the  3,600 
lamps.  These  are  driven  by  two  250  h.p.  straight-line 
engines.  Strung  along  on  each  steel  truss,  60  odd  feet 
above  the  floor,  are  104  Edison  incandescent  lamps.  A 
piece  of  moulding,  carrying  the  tap  wires,  is  clamped  on 
the  under  side  of  the  truss,  and  porcelain  cut-outs  with 
about  6in.  of  wire  hanging  from  them  suspend  the  lamps. 
Five  large  chandeliers  hang  from  the  ceiling.  The  centre 
one  contains  600  lights,  two  others,  one  on  each  side  of  the 
centre,  contain  300  lights  each,  and  two  more,  one  placed 
at  each  end  where  the  trusses  supporting  the  ends  meet, 
contain  50  lights  apiece.  The  greatest  care  has  been 
taken  in  the  arrangement.  The  wires  are  arranged  for  no 
more  than  12  light  fuses.  The  switchboard,  when  com- 
pleted, will  be  a  marvel  in  design.  Any  possible  combina- 
tion of  lights  may  be  effected,  even  down  to  lighting  every 
alternate  lamp  in  the  building.  The  lamps  are  arranged 
so  that  a  diffused  effect  is  produced,  there  being  practically 
no  shadows.  Wall  brackets  of  neat  and  tasty  design  are 
used  wherever  required.  On  the  columns  supporting  the 
trusses  are  large  cluster  lights.  The  work  on  the  trusses 
was  all  run  from  above,  no  scaffolding  being  used.  It  will 
be  the  largest  private  installation  for  a  single  building  yet 
carried  out 

Magnetio  Separator. — ^During  the  show  week  Mr.  J. 
Harrison  Carter,  of  28,  Mark-lane,  E.G.,  has  been  exhibit- 
ing at  the  Boyal  Show,  Plymouth,  a  magnetic  separator 
designed  to  work  in  conjunction  with  his  disintegrators. 
The  separator  is  the  joint  production  of  Mr.  Carter  and 
Mr.  Christy,  of  Messrs.  Christy,  Son,  and  Morris,  Chelms- 
ford. The  object  of  the  machine  is  to  remove  from  the 
material  fed  into  a  disintegrator  any  bits  of  iron, 
such  as  bolts,  horseshoes,  etc.,  so  as  to  avoid 
breaking  the  fans  of  the  latter,  a  matter  of  fre- 
quent occurrence  at  present  When  bones  are  required 
to  be  ground  up  the  method  employed  is  as  follows : 
The  bones  are,  by  means  of  a  shaking  hopper,  made  to  pass 
in  a  continuous  stream  over  a  cylindrical  barrel  studded 
with  a  number  of  powerful  electromagnets  set  radially  on 
a  central  core  or  yoke  of  cast  iron,  the  outer  ends  being 
alternately  north  and  south  poles.  The  magnets  are  wound 


with  insulated  copper  wire,  through  which  an  electric  cur* 
rent  passes — ^this  current  being  controlled  by  means  of  the 
commutator  at  the  end  of  the  barrel  in  such  a  manner  that 
all  the  magnets  on  the  descending  half  are  active,  while 
the  ascending  ones  are  passive.  As  the  material  is  shaken 
down  the  inclined  hopper,  the  iron,  being  heavier,  gravi- 
tates to  the  under  side  of  the  bones,  and  therefore  falls 
directly  on  to  the  magnets  and  clings  to  them,  the  bones  or 
other  material  falling  off  at  the  side,  while  the  iron  is 
carried  round  and  deposited  in  a  receptacle  underneath  the 
machine.  This  machine  would  usually  be  fixed  on  the  floor 
above  the  disintegrator  or  other  grinding  machine,  and  in 
this  way  has  the  additional  advantage  of  acting  as  an  auto> 
matic  feed,  the  material  being  spouted  directly  into  the 
mill  Several  modified  designs  are  made  to  suit  various 
purposes.  The  small  amount  of  current  required  can  be 
produced  either. by  a  small  djmamo,  or  where  a  factory 
is  electrically  lighted  the  lighting  current  can  be  used. 
Mr.  Christy  also  exhibits  a  portable  hand  lamp  for  millers, 
which  has  a  strong  wire  guard  and  is  fitted  with  a  reflector, 
so  that  it  is  easy  to  examine  the  interior  of  a  roller  mill  or 
other  machinery  by  its  means. 

Okonite. — A  large  company  for  the  manufacture  of 
electric  light  and  other  cables  has  come  out  this  week  under 
the  name  of  the  International  Okonite  Company,  Limited. 
The  share  capital  is  £340,000  in  17,000  preference  and 
17,000  ordinary  shares  of  £10  each;  1,000  6  per  cent 
debenture  shares  of  £10  each  are  also  issued,  repayable 
at  par  in  1910  as  a  first  charge  on  the  undertaking.  The 
company  is  formed  to  purchase  the  successful  business  of 
the  Okonite  Company  of  New  York,  and  to  extend  it  to 
the  United  Kingdom  and  all  parts  of  the  world.  For  the 
purpose  of  extending  the  manufacture  of  okonite  wires  to 
this  country,  the  wire  and  cable  works  of  Messrs. 
Shaw  and  Connolly,  of  Newton  Heath,  Manchester, 
have  been  also  acquired.  The  company  have  secured 
favourable  reports  from  Sir  Wm.  Thomson  and  Dr 
John  Hopkinson,  who  have  consented  to  act  as  con- 
sulting engineers.  The  works  in  America,  at  Passaic, 
are  new  and  ei^nsive,  with  400  h.p.  water  power  avail- 
able night  and  day  at  a  charge  of  £7  per  horse-power  per 
annum.  The  progress  of  the  company  in  America  has  been 
coextensive  with  the  extension  of  electrical  work,  and  from 
the  reports  shows  increase  in  profits  from  £7,752  in  1887 
to  £10,558  in  1888,  and  £23,895  in  1889,  and  the  sales  for 
the  first  three  months  this  year  are  nearly  double  those  of 
last  year,  so  that  the  estimated  profits  for  1890  are 
£41,237.  The  directors  of  Woodhouse  and  Bawson,  who 
had  the  negotiations  in  hand,  sent  out  their  managing 
director,  Mr.  F.  L.  Bawson,  who  reported  very  favour- 
ably both  on  the  business  and  on  the  commercial 
standing  of  the  gentlemen  connected  with  it  Messrs. 
Shaw  and  Connolly  guarantee  their  books  show  last 
year's  profits  to  be  £4,000,  whilst  those  for  this  year 
are  at  a  rate  of  £6,000.  The  necessary  additions  and  special 
plant  for  the  manufacture  of  okonite  cable  at  these  works 
are  already  in  hand.  The  remuneration  of  the  American 
directors,  of  whom  two  agree  to  remain  for  at  least  two 
years,  is  5  per  cent  on  the  American  profits.  The  foreign 
and  colonial  patents  are  included  in  the  purchase.  The 
purchase  price  fixed  by  the  vendors,  Woodhouse  and  Baw- 
son  United,  who  are  Uie  promoters,  is  £324,990,  of  which 
£113,330  is  payable  in  preference  and  ordinary,  and 
£33,300  in  debentures,  being  the  largest  amount  allowable 
by  the  rules  of  the  Stock  Exchange,  and  the  balance  in 
cash.    The  offices  are  at  34,  Cannon-street^  KC. 
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BATH  INSTALLATION. 

We  herewith  give  some  illuatratiODB  of  this  inetallation 
opened  laat  week,  and  may  recapitulate  the  apparatus  used. 


lutioM  per  minute.  These  are  driying  two  Mordey  Victoria 
73-unit  alternators  to  supply  3,000  lO^^p.  lampe  each. 
The  alternators  run  at  a  speed  of  500  revolutions  per 
minute  and  are  driven  by  rope  belting  One  is  an  endless 
rope   running   through  a  guide  pulley  and  round  eight 


f 

3 

r 

i 
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The  engines  were  illustrated  in  our  issue  of  April  26th. 
There  are  two  Babcock  and  WUcox  tubular  boilers  each 
of  150  b.p.  The  engines  art^pplied  by  the  Brush  Elec- 
trical Engineering  |Gompany,  and  are  six  in  number;  of 
these  two  are  160  h.p.  each  and  run  at  a  speed  of  200  rero- 


grooves  on  flywheel  and  alternative  plilley.  The  other 
consists  of  eight  separate  ropes.  The  other  four  engines 
sre  each  35  h.p.,  and  run  at  a  speed  of  S30  revolutions  per 
minute ;  these  drive  four  Thomson-Houston  60  arc  light 
dynamos,  which  run  fX  900  revolutions  per  minute.     Mr. 
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A.  M.  Smythe  is  the  resident  engineer  for  the  Brush  Com- 
pany. 

llie  cables  were  manufactured  and  laid  by  Callender's 
Company,  and  are  of  two  sizes — ^viz.,  19^18  and  7/16.  They 
are  laid  m  iron  troughs  or  cases,  on  bridges,  and  the  whole 
space  run  in  solid  with  bitumen.  The  amount  of  cable  laid 
as  mains  is  about  40  miles,  this  is  through  55  streets. 
After  running  one  of  the  circuits  for  three  months  the  cable 
was  tested  and  found  to  be  over  30  megohms,  or  infinity  on 
the  instruments.  There  has  not  been  one  bult  from  be- 
ginning to  end.  All  the  circuits  test  over  30  megohms  in- 
sulation resistance,  and  four  of  the  circuits  are  between  four 
and  five  miles  in  length.  There  have  been  put  in  687 
service-boxes,  which  wm  supply  1,374  houses.  The  amount 
of  bitumen  used  amounts  to  about  130  tons.  The  arc  lamps 
are  supplied  by  the  Thomson-Houston  Company,  and  num- 
ber 81  for  street  lighting.  There  are  about  15  private  arc 
lamps  going  at  present,  and  we  understand  15  more  will 
be  going  shortly.  There  are  about  3,000  incandescent 
lamps  up  at  present. 


THE  EDINBUBOH  EXHIBITION.— UC 


At  stand  86,  Messrs.  Gent  and  Co.,  of  Leicester,  show  a 
large  and  varied  assortment  of  electrical  apparatus,  includ- 
ing iron  and  brass  frame  bells,  pendulum  and  drop  indica- 
tors, Newmain's  patent  rotary  indicator,  watchman's  clock, 
medical  and  other  coils.    At  their  stand  may  be  seen 
Leonardts's  water-level  alarm  for  use  with  boilers,  etc.,  to 
call  attention  to  the  fall  in  the  level  of  the  water.    It  con- 
sists of  a  magnetic  float  inside  the  water  tube,  and  a  brass 
box  containing  a  swincine  needle  outside  the  tube.    When 
the  water  is  low  and  the  float  nears  the  bottom  of  the  tube, 
the  needle  in  the  brass  box  is  drawn  towards  the  float  and 
completes  the  electric  bell  circuit,  causingthe  bell  to  ring 
until  the  water  rises  in  the  tube  again.    The^  also  show  a 
door  fitted  with  an  electric  contact  for  ringing  a  burglar 
alarm  bell.     Miller's  patent  instantaneous  fire  detector 
alarm  is  also  shown.    This  is  an  arrangement  which  is 
automatic  in  working  and  certain  to  work  at  the  propei 
time.    The  new  patent  arrangement  consists  of  wires  con- 
nected at  short  intervals  by  joints  of  a  fusible  alloy  which 
acts  as  fire  detectors.    These  joints  are  so  sensitive  as  to 
melt  at  from  150d^.  F.  to  200deg.  as  may  be  required. 
The  jointed  wires  are  carried  in  every  direction,  through 
all  parts  of  a  building,  and  connected  with  an  electric 
battery.    On  the  temperature  rising  to  a  dangerous  point 
the   joints   at   once   melt^    and    their   breaxing   brings 
about    the    movement    of    a    switch    which    causes    a 
stronger  current  of  electricity  at  once  to  pass  through, 
and    mstantly  to  set   in   motion  any  number  of    elec- 
tric bells  in  as  many  places  as  may  be  needed.     These 
bells  are  so  arranged  as  to  continue  rinsing  till  they  are 
disconnected,  and  mav  be  made  to  show  we  flat  or  part  of 
a  building  in  which  the  heat  has  risen  to  a  dangerous  point 
By  these  means  a  most  efiectual  alarm  of  the  danger  of  a 
fire  occurring,  or  of  its  having  broken  out^  is  at  once  given. 
There  cannot  possibly  be  any  loss  of  time  by  this  patent 
arrangement,  as  the  fire  itseu  is  made  to  do  duty  as  its  own 
alai  m,  and  to  give  an  alarm  while  the  fire  is  still  in  an  incipient 
stage.    The  beUs  of  these  new  patent  fire  alarms  can  be 
attached  in  any  part  of  the  house,  or  to  the  outside  of  build- 
ings in  streets,  and  alarm  poh'cemen,  or  even  passers-by. 
The  first  cost)  except  a  slight  expense  for  keeping  up  the 
battery,  is  the  only  one  in  connection  with  it,  as  it  will  last 
for  several  years.    The  Universal  electric  telephones  may 
also  be  seen  here,  and  visitors  will  find  a  set  of  these  instru- 
ments connected  up.  and  working  through  150  yards  of 
wire.    These  telephones  have  no  permanent  magnets  or 
iron  plates,  nor  is  carbon  or  any  other  microphone  em- 
ployed.   There  are  shown  various  medical  and  other  coils, 
portable  batteries,  and  street  fire  alarm  apparatus,  the  work- 
ing of  which  .Messrs.  Oent's  representative  is  always  pleased 
to  explain  to  visitors. 

The  Fowler- Waring  Cables  Company,  Limited,  London, 
exhibit  at  stand  90  a  very  meritorious  display  of  lead- 
covered  cables  for  electric  light,  telephone,  and  telegraph 
purposes, 


The  stand  consists  of  a  trophy,  15ft.  hi^h,  coiled  with 
lead-covered  cables  of  every  description,  exhibiting  in  this 
manner  the  ductility  and  pliability  of  the  lead  covering, 
together  with  cases  contaming  sections  of  the  various 
cables,  in  the  centre  of  which  are  shown  coils  of  some  of 
the  different  sizes.  Specimens  of  the  method  of  jointing 
the  cables  are  also  displayed.  It  is  stated  that  these  cables 
mav  be  joined  easily  and  effectively  to  any  other  cables, 
ana  that  there  is  no  difficulty  either  in  making  joints  to  old 
cables  or  in  continuing  the  length  of  the  new  ones.  There 
appears  to  be  practically  no  limit  to  the  making  of  any 
length  of  these  cables. 

We  understand  that  the  cables  manufactured  under  the 
company's  patents  have  been  and  are  extensively  used  all 
over  America,  and  that  they  are  at  work  in  all  parts  of  the 
United  Eongdom  and  in  France  for  every  description  of 
undeipround  electrical  work — amines,  telegraphs,  telephones, 
electric  light,  transmission  of  power,  etc.  Th^y  have 
also  been  introduced  largely  on  board  ships. 

The  dielectric  of  these  cables  has  very  high  insulation 
resistance  combined  with  great  mechanical  strength,  and 
may  be  used  for  high  electrical  pressures.  They  are 
specially  adapted  for  varying  temperatures,  being  un- 
affectedf  by  extremes  of  either  heat  or  cold. 

The  capacity  of  tiie  telegraph  cables  is  lower  than  that  of 
guttapercha-covered  cables — a  fact  of  great  importance,  as 
it  enables  greater  speed  than  was  before  possible  to  be 
worked  on  underground  lines.  On  the  stand  are  also 
shown  specimens  of  joint-boxes,  conduits,  etc,  and  these, 
while  being  efficient^  are  simple  and  inexpensive,  thus 
reducing  the  cost  of  laying  to  a  reasonable  figure. 

The  Magnolia  Anti-Friction  Metol  Company  of  Great 
Britain,  at  stand  12,  show  a  special  anti-friction  metal  for 
bearings  of  dynamos  and  other  high-speed  machinery,  also 
used  largely  in  marine  engines,  locomotives,  rolling-mills, 
etc. 

They  exhibit  the  following  interesting  tests — ^viz.: 

1.  The  original  bearing  handed  to  them  by  the  United 
States  Government  after  having  tested  magnolia  metal 
against  Parson's  white  brass,  proving  their  metal  far  supe- 
rior ;  both  durability  and  coefficient  tests  of  friction  are 
shown. 

2.  They  exhibit  a  bearing  taken  from  the  crankpin  of 
the  steamship  "  Bichard  Anning,"  which  has  had  a  re- 
markable experience.  During  very  heavy  weather  in  the 
Mediterranean  it  was  noticed  that  their  bearing  was  a  little 
hot  and  that  it  had  to  be  kept  cool  by  pouring  water  on  it. 
This  went  on  for  62  hours,  the  engines  running  at  full 
speed.  At  the  end  of  that  time  the  ship  got  into  smooth 
water,  and  on  examination  it  was  found  that  water  coming 
into  the  engine-room  had  loosened  the  oil  cup  and  so  pre- 
vented their  bearing  from  getting  any  oil  for  62  hours.  The 
consulting  engineer  states  that  if  it  had  been  any  other 
metal  than  magnolia  his  opinion  is  that  chances  aie  100  to  1 
it  would  have  melted  out.  The  bearing  shows  a  faultless 
bearing  surface. 

3.  They  then  show  magnolia  tested,  against  Parson's 
white  brass'by  the  Erie  Basin  Dry  Dock  Company  in  cone- 
shaped  blocks.  While  magnolia  metal  remained  perfectly 
intact  under  a  pressure  of  l^OOOlb.  on  the  square  inch,  and 
at  a  speed  of  2,000  revolutions  per  minute.  Parson's  white 
brass  is  shown  to  have  fused  at  6041b.  pressure  on  the 
square  inch  and  2,000  revolutions  per  minute. 

4.  Then  they  exhibit  a  couple  of  railway  brasses  take  a 
from  the  same  axle,  one  lined  with  best  babbit  metal  and  the 
other  with  magnolia  metal.  These  bearings  had  precisely 
the  same  treatmentfor  nine  months,  at  the  end  of  which  time 
they  were  taken  out,  and  the  magnolia  metal  shows  only  a 
fair  bearing  surface,  while  babbit  metal  is  entirely  worn 
away  and  running  on  the  brass,  and  looks  altogether  in  a 
cut-up  condition. 

5.  The  next  test  is  a  high-speed  one,  best  babbit  metal 
tested  against  magnolia  metal :  two  little  bearings  run  on 
the  same  journal  at  a  speed  of  4,000  revolutions  to  a  minute, 
pressure  1961b.  to  square  inch,  tested  to  destruction.  Both 
bearings  have  had  the  same  treatment,  and  the  babbit 
metal  is  shown  to  be  entirely  fused  and  melted,  while 
magnolia  shows  a  perfect  and  brilliant  wearing  surface. 

6.  They  then  illustrate  the  usefulness  of  magnolia  in  re  .- 
lining  worn-out  brasses,  and  exhibit  a  bearing  taken  frc  nu 
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the  crankpin  of  ss.  "  fldele  Primaved,"  which  ib  compoeed 
of  brau  and  had  been  condemned  as  uuleas,  but  acccnrding 
to  the  testimony  of  the  conaulting  engineer  of  that  line  <d 
stfiamera  thia  condemned  brass  was  strengthened  on  the 
back  with  a  thick  wrought-iron  plate,  then  lined  in  studs 
with  magnolia  metal. 

The  bearing,  after  17  montjie'  running,  is  shown  with  a 
perfect  wearing  surface,  inasmuch  as  in  many  places  the 
tool  marks  are  not  worn  out  of  the  metal,  a  most  remark- 
able re3ult,and  one  that  cannot  fail  to  interest  any  practical 
man. 

These  exhibits  are  arranged  around  the  base  of  a  lai^e 
pyramid,  so  constructed  as  to  look  like  a  solid  block  of 
magnolia  metal.  Altogether  it  presents  an  imposing 
appearance,  and  one  very  attractire-to  the  eye. 


HEBINO  SECONDABY  BATTEBT. 


It  baa  been  the  constant  efibrt  of  inrentora  to  devise  a 
form  of  aeoondaiy   battery  in  whidi  tiiere  should  be  a 


BBning  Secnodsry  Battery. 

majdmum  amount  of  active  material  so  placed  as  to  be 
secure  from  the  buckling  that  so  rapidly  causes  the  destruc- 
tion of  many  of  the  varieties  of  plates  now  in  use.  The 
latest  effort  towards  this  end,  says  the  Etedrieal  World,  is 
a  very  ingenious  one,  devised  by  Mr.  Carl  Hering,  well 
known  to  the  Entemity  as  an  expert  electrician.  The 
figure  shows  a  vertical  section  of  his  battery,  the  simple 
type  being  exhibited,  in  which  there  are  biit  two  positive 
and  two  native  plates.  The  two  outer  plates  are  solid 
blocks  of  lead  peroxide,  such  aa  may  be  made  by  mixing 
lead  oxide  in  a  solntion  of  salts  of  lead,  pressing  the  mix- 
ture in  a  mould  and  forming  it  into  the  shape  desired.  The 
two  inner  blocks  are  of  spongy  lead.  Thus  far  there  appears 
to  be  nothing  especially  unusual,  peroxide  of  lead  and  lead 
being  the  elements  ordinarily  employed  in  secondary  bat- 
teries. Now,  however,  comes  the  ingenious  part  of  the 
invention.  These  blocks  of  lead  and  peroxide  are  not 
fastened  permanently  to  any  electrode ;  they  are  simply 
held  in  contact  with  the  contact  plates  of  lead  or  lead  alloy, 
which  lie  against  the  flat  aides  of  the  blocks  of  active 
material,  and  project  as  shown  through  the  top  of  the  cell. 
The  meana  Uken  to  aecura  proper  contact  are  simple.  Per- 
forated straps  of  non-conducting  material  pass,  as  shown, 
over  the  exposed  surfaces  of  both  positive  and  negative 
plutes,  keeping  the  platea  firmly  in  contact  with  the  remov- 
able electrodes  and  at  the  same  time  keeping  them  apart 
from  each  other.  It  would  appear  that  this  form  of  celt 
would  not  be  likely  to  buckle,  and  would  be  of  reasonably 
light  weighty  although  its  internal  resistance  would  probably 
be  a  little  higher  than  in  the  ordinary  forms.  It  la  impoa- 
sible  to  tell  a  priori  just  what  service  to  expect  of  a  given 
proposed  form  of  secondary  battery,  but  Mr.  Hering's  plan 
aeema  to  possess  some  decided  merits.  It  can  readily  be 
tuken  apfu-t ;  a  single  plate  can  be  removed,  if  injured,  and 
another  si^bstitutra  with  very  little  trouble ;  and,  in  ad- 


dition, it  may  be  noted  that  the  active  material  is  formed 
in  a  block  by  itself,  with  which  contact  is  afterwards  made, 
instead  of  being  mechanically  applied  to  an  electrode  aa  in 
moat  of  the  batteries  now  used. 


ELECTRICITY  DIRECT  FROM  HEAT. 

The  American  Hartford  Coanmt,  a  newspaper  whiofa,  it  is 
understood,  has  always  been  looked  upon  as  an  organ  of 
veracity  at  all  times,  publishes  the  following  particulars  in 
a  recent  issue  in  regard  to  a  new  invention  to  which  allu- 
dOQ  bos  already  been  made : 

"For  fifty  veors  electricians  have  been  trying  to  dis- 
cover a  methoa  of  converting  heat  directly  into  electricity. 
Until  recently  no  resulte  of  commercial  value  have  beea 
obtained.  Such  a  method  seems  now  te  have  been  dis- 
covered or  invented  by  a  young  man  from  Maine,  H.  B. 
Cox.  If  Mr.  Cox's  claims  are  just — and  capitaliste  have 
confidence  enough  in  them  to  have  formed  a  company  with 
a  capital  of  l,00O,000dols. — the  whole  system  of  power  and 
lighting  will  be  revolutionised,  and  steam  will  be  regarded 
as  too  expensive  for  ordinary  uses.  lb  is  impossible  to 
esUmate  in  advance  the  immense  value  of  Mr.  Cox's  inven- 
tion, but  it  is  certain  that  he  expects  almost  incredible 
results  from  it^  and  that  he  has  inspired  with  his  confidence 
some  of  Hie  shrewdest  bumneas  men  of  Hartford  and 
Boston. 

"  As  has  been  said,  a  company  has  been  organised  and 
incorporated  in  Maine,  where  Mr.  Cox  waa  when  some 
Hartford  men  met  him.  Since  then  the  business  has  all 
been  brought  to  Hartford,  and  all  that  has  been  done  since 
hsa  been  done  at  the  factory  of  the  Pratt  and  Cady  Com- 
pany. The  camtal  stock  is  1,000, OOOdols.,  and  none  of  it  is 
now  for  sale.  Francis  A.  Pntt,  of  the  Pratt  and  Whitney 
Company,  is  the  president ;  B.  X.  Pratt,  of  the  Pratt  and 
Cady  Company,  is  vice-president ;  and  Ernest  Cady,  of  .the 
same  company,  is  the  tjreasurer.  KHenryHyde,of  Hyde  and 
Joslyn,  is  a  stockholder,  one  of  the  direoters,  and  le^  ad- 
viser of  the  new  company.  All  the  patents  asked  for  by 
Mr.  Cox  have  been  allowed,  and  will  be  issued  shortly. 
Both  foreign  and  domestic  patents  have  been  applied  for. 

"  The  apparatus  used  for  converting  the  heat  into  elec- 
tricity is  so  simple  that  the  oompany  does  not  dignify  it  b^ 
the  name  of  machine.  B^  Mr.  Cox's  matliod  heat  is 
changed  to  electricity  as  simply  as  water  is  changed  to 
ateam.  His  furnace  is  all  that  may  be  seen.  From  glow- 
ing coal  comes  the  subtle  current,  without  the  aid  of  boiler, 
engiae,  or  dynamo.  A  jet  of  gaa  can  be  made  to  run  a 
dental  machine,  a  sewing  machine,  and  anything  which  re- 
quires no  more  power  than  these.  No  power  has  ever  been 
oiacovered  that  is  half  so  cheap  as  will  be  electricity 
obteined  by  thia  new  process.  Thia  haa  been  the  dream — 
apparently  imposaible  of  realisation — of  all  electricians; 
and  even  the  wizard  of  Menlo  Park  has  almost  despaired 
of  its  ever  being  brought  about.  Yet  a  young  man  only 
26  yean  of  age  seema  to  have  solved  the  puuling 
promem. 

"  Before  the  company  waa  formed,  Mr.  Cox  bad  a  fur- 
nace at  home  b^  which  he  ran  many  electric  lights.  Thia 
furnace  waa  iniured  in  heine  tranatarred  to  Hartford,  and 
a  new  one  of  the  same  size  lias  not  yet  been  completed. 
Experiments  and  private  exhibitions  nave  been  conducted 
here  on  a  smaller  scale,  but  in  a  short  time  the  company 
intends  to  show  to  the  world  that  with  the  power  thus 
obtained  anything  that  steam  or  electricity  now  does. may 
be  done.  Sevenu  niembers  of  the  company  saw  what 
could  be  done  with  the  furnace  of  Mr.  Cox  before  any 
attempt  was  made  to  remove  it.  The  one  now  being  built 
will  be  an  improvement  on  the  old  one  and  the  results  from 
it  are  expected  to  be  correspondingly  better. 

"  Most  of  the  slock  of  ^e  companyis  owned  in  Hart- 
ford. Some  of  it  is  held  in  Boston.  The  whole  afiair  has 
been  kept  secret  until  the  oompany  should  be  ready  to 
make  it  pubhe.  Even  now  the  officers  of  the  company  are 
unwilling  to  talk  for  publication,  hut  gossip  about  the  new 
invention  tias  been  so  frequent  in  Hartford  and  elsewhere, 
that  it  seems  proper  to  print  a  general  statement  The 
ofScers  of  the  oompany  say  that  they  will  be  ready  for 
public  exhitntions  in  a  few  weeks," 


10 


THE  ELECTRICAL  ENGINEER,  JULY  4,  1890. 


THE 

ELECTRICAL  ENGINEER. 

Published  every  Friday. 
Prtee  Threepence  ;  Post  Free,  Threepence  Hain>enny. 

Uitorial  and  Pablishinar  Offloes : 
189-140,  SALISBURY   COURT,   FLEET  STREET, 

LONDON.  &C. 

TO    00RRBSP0NDBNT8. 

AU  Bi^  Buerved.  SeoreUmet  €md  Mamgen  of  Companies 
'  y^ro  inriiei  to  fwmsk  ncHce  of  MieUngs^  luue  of  New 
'6kar€$t  IntiaUaiUmB,.  ContraeU^  and  any  mfonmHon 
eomdciei  vfUh  Ekckieal  Enginsemg  tohidh  way  he 
inUreding  to  our  reaiersi  Itiipentars  are  infcffned  thai 
WMH  aocomi  of  ihek  inventions  su^^  to  us  mB 
reeeifife  oar  best  eoneUen^oHon* 

AU  comnmniediions  Mended  for  (he  Editor  AoM  he  addressed 
0.  H.  W.  Biggs,  1S9-140,  Salisbury  Court,  Fleet  Street, 
London.  E.C,  Anamymaus  conmunicatians  uriU  not  he 
notieed. 


TO    ADTlRTMUa. 

AdpertisemenU^  AaM  he  addressed  to  the  Publisher,  139-140, 
Salisbury  Court,  Fleet  Skeet,  E.G.,  and  should  reach  him 
not  laier  ihan  noon  of  Thursday.  Bpaolal  Terms  for 
a  series  eon  be  arranged  on  appHcaUon, 

^ilTUATlONS  YAOAMT**  and  <*WAXT  PLAOBS**  AdTarklae- 
amto  win  IM  «havtid  a*  THRBB  VORDB  te  ONB  PBNRY, 
vim  a  Miranm  eharg^  ef  aOPHOBi 


TO    BUBSOBIBBRB. 

4 

"Thb  EuKmuGAL  Enqinkkb"  ean  he  had,  by  Order,  from 
amy  Neuisageni  in  Town  or  Counky,  and  at  the  various 
BaUieay  Stations;  or  U  ean,  if  preferred,  be  supplied 
direct  from  the  Office,  on  the  following  terms.-^ 

8  mimtlM 

United  KhMCdom... 38.    dd. 

Within  the  Postal  Union    4a.    4d.      ... 
Other  Plaoaa 4a.  lOd.      ... 

(Poat  iraa,.PayahlB  in  Advanoe.) 

Cheques,  Post  Office  and  Postal  Orders  for  Subscriptions 
and  Advertisemenis  should  be  made  payable  to 
C. .  H.  W.  Biggs,  139-140,  Salisbury  Court,  Fleet 
Street.  London,  and  be  crossed  "  Union  Bank" 


t  monUis 

IS  Bumtlii. 

6a.  6d. 

...      13a.  Od. 

8a.  8d. 

...      17a.  4d. 

Oa.  8d. 

lOa.  6d. 

BOUND  YOLUMBS. 

Fots,  L,  II.,  111.,  and  IV.,  new  teries,  of  "Tirt  EuKOtRlOAL 
Enoikbib  "  are  wjw  ready,  andean  2»e  had  boumd  in  blue  doth, 
giU  lettered,  price  8s.  6d.  Subseriben  can  hoes  iheir .  own  copies 
bound  for  2s.  €d.,  or  covers  for  binding  can  be  obtained,  price  ft. 


IHPOBTANT  MOnCB. 


We  may  oecaaionaUy  foUow  the  lead  of  our  American  Oontem- 
poraries,  capeeiaUy  when  they  poiiU  out  a  serviceable  way.  They 
are  not  backward  in  aMng  their  friends  to  do  all  they  can  for  the 
welfare  of  the  paper.  We  ask  our  friends  to  remember  us.  No 
Paper  thai  we  know  ever  refuses  Subscribers  or  Advertisers.  Nor 
do  we;  in  fact,  we  invite  them,  believing  that  ihey  will  get  fuU 
volute  for  theur  money, 

iSpecimen  copies  of  the  paper  wiH  be  senit  on  re^^uest^ 


TELEPHONY. 

The  Post  Office  Jubilee  Conversazione,  held  at  the 
South  Kensington  Museum  on  Wednesday  evening, 
was  interesting  in  more  ways  than  one.  Perhaps 
more  people  were  ''  fetched  "  by  the  little  circular 
emanating  from  the  high  lights  of  science  than  was 
expected.  The  promise  of  the  circular  was  great, 
the  performance  was  to  many  who  took  the  promise 
au  serieux  somewhat  disappointing.  The  reader 
who  is  not  in  the  know  will  appreciate  the  text  of 
the  circular,  which  was  as  follows : 

"  The  Elbctrophonoscopb. — This  remarkable 
instrument  will  be  exhibited  for  the  first  time  at  the 
Post  Office  Jubilee  Soiree  at  the  South  Kensington 
Museum  next  Wednesday.  It  is  the  joint  invention 
of  Prof.  Hughes,  F.B.8.,  Mr.  Stroh,  and  the  Post 
Office  officials.  It  solves  the  question  of  visual 
telegraphy.  The  sender  of  a  message  from  a  distant 
station  appears  in  person  before  his  correspondent, 
and  with  a  telephone  it  is  possible  not  only  to  speak 
to  him,  but  to  see  him,  and  to  watch  the  expression 
of  his  features.  It  is  a  perfect  complement  to  the 
telephone,  and  will  illustrate  what  telegraphy  is 
Ukely  to  be  in  1990." 

Are  we  not  right  in  saying  that  such  a  circular 
was  enough  to  bring  the  greater  portion  of  the 
scientific  world  of  London  and  the  home  counties  to 
South  Kensington,  and  especially  so  as  rumour,  with 
its  busy  tongue,  had  stated  that  the  great  American 
electrical  wizard,  yclept  Edison,  had  been  informed 
of  the  invention  by  telegraph,  and  had  replied  that 
he  had  done  it  all  before  on  his  side  of  the  Atlantic, 
and  whatever  had  been  done  on  this  side  of  the 
Atlantic  must  necessarily  be  second-hand,  and  no 
doubt  an  infringement  of  his  work.  Well,  the 
visitors  came  to  South  Kensington,  they  saw  the 
wonderful  invention,  and  they  went  away  satisfied- 
satisfied  at  any  rate  that  the  problem  of  sending 
visual  pictures  by  the  electrical  method  had  still  far- 
ther to  be  worked  at  before  a  solution  was  obtained. 

The  solution  at  South  Kensington  was  simple, 
but  it  was  not  electrical ;  and  though  it  served  its 
purpose  in  attracting  a  large  company,  we  do  not 
expect  to  see  it  introduced  into  telephone  exchanges. 
Looking  forward  is  better  than  looking  backward, 
and  men  must  wait  for  the  papers  at  the  scientific 
societies  or  the  year  1990,  or  put  the  invention  aside 
for  the  moment  as  partaking  of  the  character  of  a 
practical  joke,  before  the  details  of  the  invention  can 
be  made  common  property.  Hence,  putting  this 
special  development  aside  for  the  time  being,  though 
its  consideration  leads  us  to  think  of  telephony,  it 
may  not  be  out  df  place  to  glance  at  the  present 
position  of  the  industry.  Elsewhere  we  give  a 
description  of  recent  extensions  in  Scotland ; 
recently  we  gave  similar  information  about  the 
extension  in  the  south-west.  These  will  serve  as  a 
text  to  show  what  is  doing — ^viz.,  the  erection  of 
truiik  lines  joining  various  business  centres,    Happy 
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is  the  man  who  wonts  the  telephone  and  who  lives 
outside  the  metropolis.  In  the  greatest  city  of  the 
world  telephony  is  at  its  worst,  yet  the  companies 
who  are  centralised  here  have  midonbtedly  to  be 
credited  with  much  of  the  good  work  that  has  been 
done  elsewhere,  and  more  and  better  work  has  been 
done  recently  in  London  than  was  possible  in  the 
days  of  the  old  regime.  London  is  probably  a  big 
enough  world  of  itself,  though  a  little  has  been  done 
in  connection  with  trunk  lines  to  other  places — ^for 
example,  Brighton,  and  negotiations  have  been  made 
in  other  directions. 

According  to  Mr.  Bennett's  statistics,  the  cost  of 
a  phonogram,  or  single  telephonic  message,  is  less 
than  one  penny,  and  probably  the  phonogram  is 
more  satisfactory  to  the  sender  than  the  telegram, 
which  at  the  minimum  costs  sixpence.  We  take  it 
that  the  labour  of  the  office  connected  with  the 
phonogram  is  equivalent  to  that  connected  wiih  the 
telegram.  Certain  and  satisfactory  a  phonogram 
ought  to  be,  and  if  it  be  so,  the  extension  of  tele- 
phony means  the  extinction  of  a  certain  amount  of 
telegraphy.  The  Post  Office  telegraphs  may  increase 
in  numb^,  and  the  income  derived  from  them  may 
also  ^increase,  but  were  there  no  telephones  the 
income  would  be  much  greater.  The  problem, 
therefore,  before  the  Postmaster-General  is  this  :  A 
loss  occurs  because  of  the  development  of  telephony. 
On  the  other  hand,  a  revenue  is  derived  by  tele- 
phonic royalties  paid  to  the  Post  Office  by  the 
telephone  companies.  First,  is  the  revenue  equal 
to,  less,  or  greater  than  the  loss  ?  Secondly,  would 
the  revenue  be  increased  if  the  Post  Office  had  all 
telephonic  matters  in  its  own  hands?  If  an  out- 
sider listens  to  the  telephone  companies,  he  is  told 
that  the  Post  Office  officials  are  incapable  of  properly 
working  a  telephone  system ;  that  hitherto  most  of 
the  work  they  have  attempted  in  this  direction  has 
ended  in  failure;  that  in  places  where  both  Post 
Office  and  a  company  has  competed  for  business  the 
latter  has  run  right  away  from  the  Post  Office,  both 
as  regards  income  and  nmnber  of  subscribers.  On 
the  other  hand,  the  Post  Office  officials  maintain  that 
they  and  they  only  have  the  best  exchanges ;  that 
their  work  is  better,  and  more  certain  in  action; 
that  they  have  fewer  complaints  and  fewer  troubles ; 
that  in  no  case  has  there  been  real  competition 
between  officialdom  and  companydom,  hence  no 
argument  can  be  founded  on  success  or  failure  in 
Bach  competition.  Attempts  have  been  made  in  the 
House  of  Commons  to  draw  the  Postmaster-General 
on  the  subject,  but  unsuccessfully.  If,  however,  the 
cost  of  the  two  systems  is  as  stated,  and  there  is  no 
reason  to  doubt  the  accuracy  of  the  figures,  the  time 
is  rapidly  coming  when  telephonic  extension  must 
largely  take  place,  when  the  ridiculous  terms  extant 
in  London  must  be  altered,  and  as  good  a  service 
given  there  as  in  other  places.    Ix^  the  country  the 


extension  of  trunk  Unes  brings  whole  districts 
together — Cardiff  can  talk  with  Bristol,  Edinburgh 
with  Glasgow  ;  and  under  such  circumstances  tele- 
graphy promises  to  become  a  thing  of  yesterday. 
Whether  the  possibility  of  putting  speakers  at  the 
ends  of  telephone  lines  in  sight  of  each  other  will 
ever  be  realised,  is  a  subject  of  comparatively  little 
importance  practically.  No  doubt  it  is  good  to  see 
with  whom  you  are  speaking,  but  the  speaking  itself 
is  the  great  thing.  Ordinary  telephony  gives  that 
power,  hence  the  great  desire  to  see  it  increase  and 
mxdtiply  continuously. 


ELECTROLYSIS  OF  ANTIMONT  SALTS. 

BY  ALEXANDER  WATT. 

In  reviewing  what  may  be  termed  the  electrolytic  history 
of  antimony,  it  would  appear  that,  with  few  exceptions, 
meet  of  the  investigations  relating  to  the  electrolysis  of  salts 
of  antimony  have  been  pursued  more  with  a  view  to  obtain 
interesting  results  than  to  discover  which  of  its  various 
salts  would  be  most  serviceable  for  preparing  solution  baths 
for  the  deposition  of  the  metal  for  practical  purposes  in  the 
arts.  With  this  impression,  I  determined  to  undertake  a 
series  of  experiments  with  the  direct  object  of  ascertaining 
the  behaviour,  under  electrolysis,  of  numerous  antimony 
salts  with  and  without  the  admixture  of .  other  substances, 
my  special  aim  being  to  find  out  which  of  the  salts  of 
antimony  besides  those  usually  recommended  could  be 
advantageously  rendered  available  for  antimony-plating. 
In  my  later  work  on  electro-deposition*  several  solutions 
are  described  from  which  the  metal  may  be  deposited,  but 
since  some  of  ^hese  solutions  present  the  disadvantage  of 
being  used  in  a  somewhat  high  degree  of  concentration,  I 
was  desirous,  in  the  course  of  my  recent  trials,  to  obtain 
electrolytes  of  a  more  moderate  strength  than  those  re- 
ferred to,  so  that  the  deposition  of  antimony  might  be 
rendered  more  economical  so  far  as  regards  the  cost  of  the 
bath. 

In  pursuing  the  experiments  which  I  have  now  the  plea- 
sure to  describe,  I  soon  found  that  solutions  of  high  density 
were  by  no  means  necessary  to  the  successful  deposition  of 
this  metal ;  on  the  contrary,  some  very  satisfactory  results 
were  obtained  with  solutions  in  an  exceedingly  dilute  con- 
dition. This  being  the  case,  endeavours  were  made  to 
obtain  good  working  solutions  containing  moderate  propor- 
tions of  the  metal,  rather  than  adopting  an  extreme  in 
either  direction.  The  current  employed  in  the  various 
trials  was  derived  from  one  or  more  Daniell  cells,  accord- 
ing to  the  nature  of  the  electrolyte,  and  in  some  infltances 
satisfactory  results  were  obtaincKi  with  the  current  from  a 
single  cell.  Since  antimony  is  very  readily  de^iosited  from 
a  ffreat  number  of  its  solutions  with  the  current  from  two 
cells  of  the  battery  referred  to,  any  solution  offering  a 
higher  resistance  than  would  be  overcome  by  the  E.M.F. 
of  three  cells  in  series  was 'put  aside  as  of  no  practical 
interest.  The  cathodes  employed  consisted  of  a  number  of 
strips  of  sheet  brass,  Sin.  by  lin.,  with  copper  wire  attached 
by  soldering,  and  the  anodes  were  cast  plates  of  antimony 
of  similar  dimensions.  Under  these  conditions  several 
trials  were  kept  in  progress  at  one  and  the  same  time,  and 
the  results  duly  noted  when  necessary. 

1.  Tartrate  of  Antimony  by  Electrolysis. — ^A  solution  of 
tartaric  acid  was  first  prepared  by  dissolving  300  grains  of 
the  acid  in  10  ounces  of  water.  In  this  solution  was  placed 
an  antimony  anode  and  a  brass  cathode,  connected  to  three 
Daniell  cells  arranged  in  series.  The  electrodes  were  ar- 
ranged at  about  an  inch  apart,  and  in  rather  less  than  one 
minute  the  brass  plate  was  found  to  be  coated  with  a  slight 
film  of  antimony,  indicating  that  the  solvent  action  of  the 
acid  upon  the  antimony,  under  the  influence  of  the  current, 
was  exceedingly  brisk.    The  negative  electrode  was  now 

*  '*  Electro-DepositioD.'*    B;y  Alexander  Watt,    Tl)ir4  editioii,  1889, 
p.  35$. 
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placed  in  a  small  porous  cell,  charged  with  a  solution  of 
tartaric  acid,  and  the  action  kept  up,  with  the  same 
current,  for  about  an  hour,  at  the  end  of  which  time  the 
porous  cell  was  removed,  two  of  the  cells  disconnected, 
and  a  freshly-cleaned  brass  plate  immersed,  which  at  once 
became  coated  with  a  white  film  of  the  metal,  the  current 
from  a  single  cell  proving  quite  strong  enough  for  a 
prompt  deposit,  while  even  with  this  weak  current  minute 
bubbles  of  hydrogen  were  evolved  at  the  cathode.  During 
the  deposition  the  anode  kept  perfectly  clean,  and  after 
a  few  hours'  action  the  immersed  surface  exhibited  un- 
mistakable evidence  of  having  been  freely  dissolved  by 
the  vegetable  acid. 

2.  Tariraies  of  Antimony  and  Ammonia, — ^The  foregoing 
solution  was  neutralised  by  cautiously  adding  ammonia,  a 
drop  at  a  time,  under  whicb  altered  condition  it  was  tried 
with  the  same  current  as  before,  when  a  newly-prepared 
brass  plate  quickly  received  a  coating  of  antimony  of  a 
good  white  colour.  After  a  short  time,  however,  the 
deposit  began  to  blacken  from  the  metal  assuming  a 
powdery,  non-reguline  form,  to  rectify  which  it  was  fouud 
necessary  to  further  dilute  the  liquid  by  gradual  additions 
of  water.  A  fresh  plate  was  tried  after  each  addition  of 
the  water,  but  it  was  not  until  the  solution  had  been 
diluted  to  the  extent  of  about  one-third  of  its  original 
volume  that  the  deposits  idterwards  obtained  ceased  to 
exhibit  the  powdery  form  of  the  metal. 

3.  Potasm-TartraU  of  Antimony  by  EUcbrclysis, — A  satu- 
rated solution  of  bi-tartrate  of  potassa  (cream  of  tartar) 
was  first  prepared  by  digesting  300  grains  of  the  salt  in  10 
ounces  of  hot  water,  the  mixture  being  frequently  stirred 
for  a  few  minutes.  After  allowing  the  undissolved  salt  to 
subside,  the  clear  liquor  was  decanted  and  used  as  an 
electrolyte,  with  the  current  from  three  Daniells,  the  elec- 
trodes being  a  cast  plate  of  antimony  and  a  brass  plate  for 
the  cathode.  In  a  few  minutes  after  the  plates  were  im- 
mersed, a  streaky  film  of  antimony  formed  upon  the  brass 
plate.  The  bath  was  then  strengthened  by  immersing  a 
small  porous  cell  nearly  filled  with  a  solution  of  the  bi- 
tartrate,  a  strip  of  brass  being  inserted  as  the  cathode,  and 
the  electrolytic  action  was  kept  up  for  about  16  hours,  bv 
which  time  the  liquid  acquired  a  fair  proportion  of  metal. 
The  porous  cell  was  then  removed  and  a  clean  brass  plate, 
connected  to  the  negative  terminal  of  two  cells,  immersed, 
which  promptly  received  a  deposit  of  antimony  of  a  good 
white  colour.  It  should  be  mentioned  that  the  first 
deposit  obtainedfrom  this  solution,  before  it  was  strengthened 
in  the  manner  referred  to,  was,  as  stated,  streaky,  and  only 
appeared  on  portions  of  the  plate  facing  the  anode,  while 
the  back  of  the  plate  was  uniformly  coated  with  the  metal. 
This  peculiarity  of  deposition  I  had  before  noticed  when 
experimenting  with  salts  of  cobalt,  and  it  is  a  singular  fact 
that  it  was  also  a  solution  of  the  potassio-tartrate  of  that 
metal  which  yielded  a  metallic  deposit  only  at  the  back  of 
the  plate,  while  the  front  of  the  plate — facmg  the  anode — 
received  only  a  slight  trace  of  the  metal.* 

4.  The  Potassia-Tartrate  Solutian  Neutralised  wiih  Ammonia. 
The  foregoing  solution  was  next  carefully  neutralised  with 
ammonia,  and  a  freshly-cleaned  brass  plate  immersed,  the 
same  current  as  before  being  used,  when  a  bright  film  of  a 
steel  grev  colour  quickly  formed,  and  after  a  long  immer- 
sion of  the  plate  it  was  found  to  be  perfectly  reguline,  and 
quite  free  from  the  black  pulverulent  metal  referred  to  in 
subsequent  experiments. 

5.  Tartrates  of  Aniimany  and  Sodium, — ^A  bath  was  pre- 
pared by  adding  to  a  solution  of  tartrate  of  antimony  pre- 
pared by  electrolvsis,  as  before,  one  of  tartrate  of  soda. 
With  the  current  urom  two  cells,  a  very  quick  deposit  of 
antimony  of  good  colour  was  obtained,  but  after  a  short 
immersion  of  the  cathode  the  metal  deposited  in  the  form 
of  a  black  powder,  which  was  readily  wiped  off  the  plate 
with  the  finger.  The  liquid  was  next  diluted  with  water, 
in  which  condition  it  worked  fairly  well  for  a  few  minutes, 
when  the  black  metal  again  made  its  appearance.  The 
solution  was  again  further  diluted,  and  only  a  small  surface 
of  anode  immersed,  when  the  subsequent  films  of  metal 
continued  bright  for  a  long  time,  but  eventually  assumed  a 

*£Uaricctl  Mngine^r,  February  16,  1889,  p.  131, 


somewhat  dull  lisht  grey  appearance,  and,  when  dry,  the 
deposited  metal  cTosely  resembled  electrolytic  zinc,  having 
a  slightly  bluish  tint. 

6.  Chlorides  of  Antimony  and  Ammonia. — The  formula 
sometimes  recommended  for  preparing  baths  of  this  com- 
position consist  of  *'  equal  measures  of  a  saturated  solution 
of  sal-ammoniac  and  commercial  chloride  of  antimony,''  or, 
if  prepared  by  the  battery  process,  "  two  measures  of  a 
saturated  solution  of  sal-ammoniac,  two  measures 
of  hydrochloric  acid,  and  one  measure  of  water." 
Believing  the  above  proportions  to  be  unnecessarily  ex- 
travagant, and  to  form  an  electrolyte  of  unnecessary 
density,  I  resolved  to  prepare  a  bath  which  would  con- 
tain more  moderate  proportions  of  the  metal  and  of  the 
ammonia  salt.  With  this  end  in  view,  I  prepared  a  de- 
positing solution  of  the  following  composition:  saturated 
solution  of  chloride  of  ammonium  one  part ;  hydrochloric 
acid  one  part,  and  water  three  parts,  all  by  measure.  The 
bath  thus  formed  was  first  tried  with  the  current  from  two 
Daniell  cells,  when  a  brass  cathode  became  coated  with  a 
brown  film  immediately  after  immersion,  and  this  gradually 
became  darker,  until,  in  the  course  of  a  minute  or  so,  the 

?late  was  coated  with  a  dense  layer  of  a  deep  black  colour, 
'he  current  from  a  single  cell  was  next  triea,  with  greatly 
reduced  anode  surface,  under  which  conditions  a  fresh  plate 
received  a  grey  and  somewhat  dull  deposit,  but  this  was 
perfectly  re^iline  and  firmly  adherent  to  the  brass  surface. 
A  porous  cell  partly  filled  with  the  liquor  was  next  put 
into  the  bath  and  a  strip  of  copper  inserted  into  the  cell, 
and  the  current  from  two  Daniells  allowed  to  pass  through 
the  liquid  for  about  16  hours.  The  iMith,  thus  strengthened, 
was  now  tried  with  the  current  from  one  cell,  and  very 
small  anode  surface — about  one-eighth  of  that  of  the 
cathode — ^under  which  conditions  a  bright  film  of  antimony 
at  once  "  struck"  upon  the  plate,  and  the  deposited  metal 
retained  its  brightness  during  a  long  immersion.  It  thus 
became  evident  that  for  all  practical  purposes  the  weaker 
solution  (as  compared  with  the  formulas  referred  to)  could 
be  advantageously  worked  as  an  antimony  depositing 
bath.  It  is  said  of  the  strong  solutions  mentioned  that 
they  do  not  act  so  strongly  upon  base  metals  as  chloride  of 
antimony  alone.  I  may  say,  however,  that  even  the  weaker 
solution  which  I  have  described  freely  coats  brass  and 
steel  bv  simple  immersion,  but  not  so  readily  copper,  unless 
the  solution  be  heated,  when  this  metal  instantly  becoioes 
coated  with  metallic  antimony. 

7.  TercUoride  of  Antimony  and  Tartaric  Add. — ^To  a  weak 
solution  of  tartaric  acid  was  added,  a  little  at  a  time,  a 
solution  of  terchloride  of  antimony,  when  a  dense  gela- 
tinous or  gummy  precipitate  formed,  which  readily   dis- 
solved in  the  tartaric  solution,  forming  a  straw-coloured 
liquid.    This  solution  was  next  neutralised  with  ammonia, 
and  then  electrolysed  with  the  current  from  a  single 
Daniell  cell,  when  a  bright  film  of  antimony  soon  formed 
upon  a  brass  plate.     Aiter  a  time,  however,  black  nou- 
reguline  metal  deposited  upon  the  plate,  even  when  the 
immersed  anode  surface    was    much   reduced.     It    was 
deemed  advisable  to  still  further  dilute  the  solution,  which 
greatly  improved  the  character  of  the  subsequent  deposits. 
It  was  not,  however,  until  the  bath  had  been  considerably 
weakened  by  additions  of  water  that  bright  deposits  could 
be  obtained  free  from  the  black  pulverulent  form  of  the 
metal    When  the  dilutions  had  been  carried  far  enough, 
however,  the  black  metal  ceased  to  appear  and  the  films 
retained  their  brightness.    I  have  generally  found  it  to 
be  the  case,  when  electrolysing  solutions  of  antimony  salts, 
that  the  black  form  of  the  metal  invariably  appeared  after 
a  time  under  the  following  conditions  :  The  current  beiiii^ 
too  strong ;  the  bath  in  a  too  acid  condition ;  or  if  it  be  too 
rich  in  metal.     The  reverse  conditions,  therefore,  would 
appear  to  be  the  most  favourable    for    obtaining  good 
reguline  deposits  of  this  metal. 

8.  Citraie  of  Antimjony  by  Electrolysis. — A  solution  of 
citric  acid  was  first  prepared,  in  which  was  placed  an 
antimony  anode  and  a  plate  of  brass  for  the  cathode,  the 
electrodes  being  connected  to  a  three-cell  Daniell  batteiy. 
In  a  few  minutes  after  immersion  the  brass  plate  received 
a  coating  of  antimony  nearly  as  white  as  electrolytic 
Qobalt.    Deposition  was  not  so  brisk  as  was  the  case  witl^ 
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tbe  tartrate  solntions,  bub  the  colour  of  the  metal  was 
■omevliat  better  aod  very  bright. 

9.  OxycMoriiU  of  AiUimowf  in  Ciiric  Add. — To  form  a 
batb,  recently  precipitated  oxychloride  of  antimony  waa 
digested  in  a  nearly  Doiling  aolution  of  citric  acid,  in  which 
it  readily  diasolved,  fonninR  a  nearly  colourless  solution. 
After  being  moderately  diluted  with  water,  the  solution 
was  electrolyaed  with  the  current  from  two  cells,  when  a 
very  bright  deposit  of  antimony  of  good  colour  was 
obtained  upon  a  brass  plate,  to  which  the  metal  firmly 
adhered. 

10.  iSUpAofe  of  AntiTnonv  iff  El«iTolyni. — A  solution  of 
sulphuric  acid  (about  1-10)  was  electrolysed  with  the  cur- 
rent from  three  ceDs,  the  action  being  kept  up  for  about 
48  hours,  with  an  antimony  anode  and  a  brass  plate 
immersed  in  a  portion  of  the  solution  contained  in  a  porous 
cell  as  before.  Aftt.r  a  few  hours'  immersion  of  the 
electrodes,  a  slight  deposit  of  antimony  was  found  to  have 
dapoaited  on  the  brass  plate,  and  at  the  end  of  the  period 
before  named  the  porous  cell  was  removed,  and  a  clean 
brass  plate  immersed,  the  current  from  two,  three,  and  four 
cells  being  tried  in  aucceesioa,  but  the  solution  proved  to 
be  a  very  md  oondactor,  while  the  deposits  obtained  were 
not  of  a  aatisfiwtory  character.  The  bath  was  therefore 
abandoned.  A  lolutaoa  of  biaulphate  of  potasaa  (sal 
enixomj  was  aleo  tried  in  the  same  way  as  the  above,  but 
although  a  slight  film  of  antimony  appeared  upon  a  brass 
plate  when  ^e  solution  was  electrolysed  with  the  current 
from  three  cells,  the  resulta  were  not  satiafactory.  An 
addition  of  sulphate  of  ammonia  did  not  improve  the  con- 
dition of  either  of  the  foregoing  solutions. 


12.  Aeeiaieand  Sulphate  of  AtUiTrwni/  by  Eltctrolynt. — A 
solution  of  the  mixed  acids  was  prepared  by  adding  to  10 
ounces  of  water,  five  fluid  drachms  of  sulphuric  acid  and 
two  ounces  of  acetic  acid.  With  the  current  from  two 
cells,  passing  through  an  antimony  anode  immersed  in  the 
liquid,  a  brass  cath^e  received  a  slight  film  only  of  metal- 
lic antimony  after  several  hours'  immersion. 

13.  ProtocMonde  of  Antimony  PredpitaUd  by  Carbonate  of 
Soda. — Instead  of  precipitating  the  oxychloride  of  antimony 
by  water  in  the  usual  way,  the  writer's  son,  Mr.  Newton 
Watt,  emploved  a  solution  of  carbonate  of  soda,  and  he 
found  that  the  precipitate  thus  obtained  was  more  freely 
soluble  in  various  menstrua  than  tbe  ordinvy  oxychloride. 
A  quantity  of  the  precipitate  being  thus  prepared,  was 
afterwards  digested — in  most  cases  with  the  assistance  of 
heat — in  solutions  of  various  substances,  the  results  of 
which  will  next  be  described. 

14.  OxyMoride  of  Antimony  in  Oxalic  Add.^-A.  quantity 
of  the  moist  precipitate  obtained  aa  above  was  digested  in 
a  hot  solution  of  oxalic  acid,  in  which  it  dissolved  freely. 
With  tbe  current  from  three  cells  a  deposit  of  metallic 
antimony  of  a  dark  colour  formed  on  the  brass  cathode  a 
few  minutes  after  immersioo.  The  solution  was  not  a  good 
conductor. 

(To  be  amUaaed.) 


THE  UNEFF  MAGNETIC  CONDDCTOH. 


The  new  Lineff  conductor  for  tramways  is  said  to  be  the 
first  which  has  successfully  taken  advantage  of  the  force  of 


JiJACNETIC    CONDUCTOR      FOR      TRAMWAYS 

CgMTBAL      ArHANCEMENT- 


LINEFF  S       PATENT,  - 


11.  Acetate  of  Antimony  by  Electrolysis. — A  quantity  of 
commercial  acetic  acid  was  decomposed  with  the  current 
from  three  calls,  with  an  antimony  anode  and  a  brass  plate 
boing  used  as  the  cathode  as  before.  Tbe  action  was  slow, 
but  after  an  hoar  or  so  the  brass  plate  received  a  slight 
film  <^  antimony.  A  white  deposit,  however,  formed  upon 
tbe  anode,  which  appeared  to  week  the  flow  of  the  current, 
ftod  Q»  experiment  was  UiereCore  discontinued. 


magnetism,  in  closing  the  circuit  in  eleotric  traction.  The 
sunace  rails  are  laid  in  lengths  of  about  3ft.  in  a  bed  of 
asphalte,  and  as  they  are  without  any  groove,  and  have 
their  upper  surface  flush  with  the  roadway,  they  cannot 
form  any  obetruction  to  traffic  either  along  or  across  the 
track.  In  point  of  fact  they  are  hardly  to  be  distinguished 
from  the  roadway  itself. 
Eftob  of  these  rails  is  bolted  by  means  of  brus  bolts  and 
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distance  pieces  to  a  piece  of  tee  iron  of  equal  length,  so 
placed  as  to  have  its  base  on  the  same  level  as  that  of  the 
surface  rails,  at  a- distance  from  it  of  about  a  quarter  of  an 
inch.  The  tee  iron,  being  of  lower  height  than  the 
surface  rail,  does  not  appear  at  all  on  the  roadway,  being 
completely  buried  in  the  asphalte  surrounding  the  whole. 
One  end  of  the  tee  iron  projects  beyond  the  corresponding 
end  of  the  surface  rail,  so  that  the  rails  when  laid  in 
position  break  joint  with  one  another  all  along  the  road. 

The  two  irons  together  form  a  roof  to  a  continuous 
channel  3^in;  wide,  formed  by  insulating  tiles  on  which  the 
irons  rest.  This  channel  contains  the  bare  copper  main, 
shown  in  the  drawing  as  a  flat  strip,  and  on  this  rests  a 
flexible  hoop  iron  3in.  wide,  which  is  free  to  rise  into  con- 
tact with  the  lower  flanges  of  the  surface  and  tee  rails,  from 
which  it  is  in  its  normal  position  distant  about  i|^in. 

Each  car  carries  underneath  it  an  electromagnet,  each 
pole  of  which  contains  a  solid  iron  wheel  which  runs  on  the 
surface  ^  raiL  The  distance  between  the  pole-pieces  is 
slightly  greater  than  the  length  of  one  section  of  the  sur- 
face ml,  so  that  the  two  poles  are  never  on  the  same 
section. 

The  magnet  is  energised  bv  the  main  current,  the  wire 
forming  tfis  ^oih  being  coupled  in  shunt  with  the  motor 
circuit 

The  magnetic  lines  etiliBiating  f rom  the  magnet  poles 
pass  into  the  surface  rail.  The  section  of  this  being 
insu£5cient  to  carry  the  whole  of  the  magnetic  lines,  a 
large  proportion  of  them  leak  across  to  the  buried 
tee  rails,  and  as  the  connection  between  each  pair  of 
rails  (surface  and  buried)  is  of  a  non-magnetic  mate- 
rial, the  lines  jum^  across  the  air  space  between  the 
lower  flanges.  Opposite  poles  are  consequently  induced  in 
each  of  the  surface  and  tee  rails  under  the  immediate  influ- 
ence of  the  electromagnet,  and  the  leakage  "  cross  "  lines 
being  diverted  throu^  the  strip  of  hoop  iron  lying  im- 
mediately below  the  air  gap,  in  their  attempt  to  shorten 
themselves  attract  the  hoop  iron  into  contact  with  the  bases 
of  the  surface  and  tee  rails ;  both  of  which,  as  they  are  in 
electrical  (though  not  in  magnetic)  connection,  assist  in 
taking  off  the  current 


THE  TELEPHONE  IN  SCOTLAND. 


We  give  herewith  a  sketch  map  showing  at  a  glance  the 
chief  part  of  the  telephonic  system  of  Scotland,  including 
the  ne^  trunk  lines.  The  National  Telephone  Company, 
Limited,  represented  by  Mr.  A.  R.  Bennett,  may  be  said 
to  own  all  the  public  lines  in  Scotland,  and  has  certainly 
kept  pace  with  the  calls  made  upon  it  At  first  the  pro- 
gress was  somewhat  slow,  and  the  exchanges  did  not  extend 
beyond  the  areas  of  the  respective  communities ;  but  as 
the  manifold  advantages  of  the  system  began  to  be  per- 
ceived the  local  barriers  were  soon  overcome,  and  many 
of  the  chief  towns  are  now  linked  together  in  a  chain  or 
chains  of  communication.  First  in  point  of  interest  is  a 
new  direct  wire  vid  Stirling  and  Fife,  bringing  Edinburgh 
and  Dundee  within  easy  speaking  distance.  The  company 
already  possessed  lines  between  the  two  cities,  but  thev 
were  broken  up  dnto  sections,  and  were  not  readily  avail- 
able for  direct  working.  The  wire  is  of  copper  instead  of 
galvanised  iron. 

Notwithstanding  that  the  Dundee  line  is  109  miles  in 
length,  the  speamng  is  very  distinct,  proving  that  the 
insulation  is  very  perfect,  as  with  a  wire  of  such  length 
it  must  necessarily  be.  The  company  hope  in  the  course 
of  a  short  time  to  cut  off  a  portion  of  the  loop  by  getting 
permission  to  carry  the  wire  over  the  Forth  Bridge,  thus 
greatly  reducing  the  mileage,  and  bringing  Fife  into  readier 
communication  with  the  south.  Fife,  it  may  be  said,  was 
one  of  the  first  counties  in  Scotland  to  realise  the  benefits 
conferred  by  the  telephone,  which  is  of  inestimable  service 
in  connection  with  its  various  industries.  Of  course,  Edin- 
burgh subscribers  will  now  have  the  privilege  of  communi- 
cating with  Dundee  quite  as  readily  as  with  their  nearest 
subscribing  neighbour,  the  charge  being  at  the  rate  of  Is. 
per  three  minutes'  clear  conversaticm.  Another  important 
une  just  completed  is  that  cgnnectin^  Edinbnr^n  with 


Galashiels,  Selkirk,  and  Ebwick,  where  again  the  working 
is  admirably  clear.  The  charge  between  Edinburgh  and 
Gkilashiels  or  Selldrk  will  be  6d.,  and  between  Edinburgh 
and  Hawick  at  9d.,  for  three  minutes.  Then  the  demands 
of  the  Glasgow  business  have  necessitated  the  erection  of 
two  new  lines,  making  four  in  all,  with  the  advantage  that 
beyond  Broxburn,  whither  they  are  carried  along  the  U  nion 
Canal,  they  are  conveyed  by  a  different  route — ^namel^,  by 
Bathgate  and  Airdrie,  thus  lessening  the  chance  of  mter* 
ruption  by  accident.  Further  new  lines  have  just  been 
opened  between  Edinburgh,  Broxburn,  and  Bathgate,  and 
between  Cupar  and  St.  Andrews,  while  Aberdeen,  in  the 
course  of  a  few  weeks,  will  be  brought  into  communication 
with  Dundee. 

All  this  betokens  great  and  encouraging  progress,  and  it 
is  satisfactory  to  know  that  the  enterprise  of  the  company 
is  meeting  with  its  due  reward. 

Mr.  Bennett,  in  the  course  of  some  of  the  congratulatory 
speeches  at  the  inauguration  of  these  new  lines,  recalled 
the  fact  that  the  inventor  of  the  first  practical  telephone, 
Mr.  Graham  Bell,  was  a  native  of  Edinburgh,  and  men- 
tioned some  incidents  in  connection  with  his  car^r  which 
are  not  generally  known.    A  cousin  of  Mr.  Bell's,  who  was 

S resent,  stated  that  Bell,  when  a  mere  youth,  attempted  to 
evise  various  means  whereby  his  mother,  whose  hearing 
was  defective,  might  not  only  be  made  to  hear  readily,  but 
be  communicated  with  from  adjacent  rooms.     He  was  in 
the  habit  of  having  sounds  transmitted  along  wires,  noting 
their  effect  and  duration,  and  he  endeavoured  to  utilise 
them  by  various  means.    Owing  to  those  experiments  he 
was  accounted  rather  foolish  by  his  schoolmates.    As  the 
germ  of  his  great  idea  was  oonoeived  out  of  his  regard  for 
his  mother,  so  it  ultimately  came  to  be  perfected  by  reason 
of  his  devotion  to  his  wife.    Bell  became  a  teacher  of  the 
deaf  and  dumb  in  Boston,  and  married  a  lady  partially 
afflicted.     His  increased  knowledge  of  the  structure  of  the 
ear  led  him  in  course  of  time  on  the  right  track,  and 
although  audible  sounds  had  been  transmitted  by  other 
experimenters,  both  in  France  and  Germany,  it  is  to  Bell 
that  the  credit  of  the  perfect  telephone  is  undoubtedly 
due.    When  he  visited  Edinburgh  some  10  years  ago, 
to    push   his    invention,    his   devotion   to   his    wife    is 
described  by  Mr.  Theim   as  having    been   very    touch- 
ing.   He  Iiad  succeeded  in  enabling  her  to  understand 
conversation  and   to   be  understood,   and    his  attention 
to  her  was  unceasing.    His  reception  in  the  city  of  his 
nativity  was  not  of  a  kind  which  will  redound  to  his 
credit    He  remained  for  a  month  ot  so,  and  Mr.  Theim 
interested  himself  in  the  matter,  seeking  interviews  with 
university  professors  and  other  scientific  authorities,  but 
one  and  all  would  have  nothing  to  do  with  the  ''  toy,"  and 
Bell  had  to  turn  his  steps  to  London,  where  fortunately  he 
met  with  greater  success.    It  is  a  curious  fact  that  he  him- 
self did  not  perceive  all  the  great  possibilities  before  the 
telephone,  and  did  not  encourage  the  idea  of  "  exchanges," 
which  have  since  developed  all  over  the  world. 

Mr.  Bennett  stated  that  although  Graham  Bell  was  the 
first  to  produce  an  actual  telephone,  the  possibilities  of  such 
an  instrument  had  been  fioating  in  the  minds  of  people  for 
generations,  perhaps  ages  past  There  was  a  passage  in 
Job.  xxxviii.  35,  **  Canst  thou  send  lightnings,  that  they 
may  go  and  say.  Here  we  are  ? "  That  question,  no  doubt 
a  poser  at  the  time.  Bell  had  enabled  us  to  answer  in  the 
affirmative.  He  had  shown  us  how  to  send  lightninra^,  in 
a  small  way,  and,  if  so  desired,  to  make  them  say,  "Here 
we  are,"  although  telephone  subscribers  were  more  addicted 
to  the  phrases  ''  Hello ! "  and  "  Are  you  there  ? "  Another 
passage  in  Psalm  xix.  4,  "  Their  line  is  gone  through  all  the 
earth,  and  their  words  to  the  end  of  tiie  world,"  had  also 
a  telephonic  flavour,  and  he  hoped  that  the  words  might,  at 
no  very  distant  day,  be  applicable  to  the  National  Telephone 
Company,  since  the  company  did  not  intend  to  rest  until 
every  town  and  village  were  on  speaking  terms,  and  the 
telephone  system  became  co-extensive,  at  least,  with  that  of 
the  tele^ph.  In  replying  to  the  toast  of  "  Prosperity  to 
the  National  Telephone  Company,"  proposed  by  IkLr.  James 
Shepherd,  Mr.  Bennett  gave  the  following  narticulars  of 
revenue,  calls,  and  trunk  mileage  of  the  telephone  com- 
panies at  3lst  March,  1890,  which  are  of  import  cnce  ^t  thq 
present  time, 
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NortbomlMB- 

trict  .. 
SoaUiof: 

Und  

WeefrnCoim. 

Tela^oneCo. 
oflralBnd.,. 


18,232  S  0 

22,9»4  0  0 

32,860  0  0 

12,311  «  7 


Z9,30G  S,795 173,630  1    6IW,4S2,ieS 


Calls  rn- 
eoDiite- 
Uonsper 


46,800,000 
1,488,891 
3,619,364 
2,863,000 
1,720,910 


Na.  at  linM:  aobMRe,  28,906;  printe,  6,795;  totel,  36,10a 
RtfTonne,  £473,63a  li.  Sd.  CaOa  per  uuam,  66,482,166.  Tmnki 
mUaage,  14,011  ntilsB,  1,472  yud*. 

Aa  euh  connection  implied  a  question  and  answer,  and 
consequently  was  equal  to  two  telegrams,  the  number  of 
mesn^es  thorofrom  equalled  very  nearly  100,000,000. 
Dividing  the  revenue  by  the  connections,  it  was  found  that 
the  Average  coflt  to  the  subBcribera  was  1'98  of  a  penny, 
tfeatJng  each  connection  as  two  meeeages,  the  average  coat 
per  menage  was  only  -99  of  a  penny,  a  price  which  included 
messages  over  long  trunk  as  well  as  short  urban  lines.  The 
length  of  the  company's  trunk  lines  connectiug  the  chief 
towns  (rf  Eagland  and  Scotland  was  nearly  10,000  miles  at 
the  same  date,  and  this  was  increasmg  daily. 


THE  IMPORTANCE  OF  ACCUMULATORS  FOR  THE 
ECONOMT  OF  CENTRAL  STATIONS  FOR  ELEC- 
TRIC LIGHT. 

BY  DR.  OUBTAV  RA8CH,   AACHSN. 

The  recent  progress  made  in  the  manufacture  of  accumu- 
lators is  such  that  it  cannot  remain  without  great  influence 
on  the  whole  of  electrical  euelneering,  and  especially  on 
public  electric  lighting.  The  accumulator  occupies  a  very 
distinct  position  amongst  electrical  apparatus :  it  la  no  source 
of  E.U.F.  if  considered  simply  by  itself ;  it  does  not  make 
up  for  a  want  of  machine  power  at  disposal ;  it  ia  not  even 
an  absolutely  safe  reserve  for  a  longer  space  of  time,  but 
its  use  allows  ua  to  improve  the  efficiency  of  a  plant,  and 
therefore  to  reduce  the  cost  of  running. 

The  reason  why  accumulators  have  not  up  to  the  present 
entirely  filled  this  prominent  jxMition  is  principally  to  be 
found  in  their  hi^h  price  and  amUll  durabiuty,  so  tliat  the 
enormous  depreciation  necessary  to  be  allowed,  added  to  the 
cost  of  running,  completely  balances  the  saving  obtained  by 
the  more  economical  running  of  the  machinery.  There 
now  appears  a  chan^  for  the  better,  especially  as  to  the 
durability ;  some  manufacturing  firms  now  grant  such 
guarantees  that  the  consumer  may  safely  reduce  the  per- 
centage of  depreciation,  and  it  is  to  be  hoped  that  with  in- 
creasing use  of  accumulators  their  price  also  will  be  lowered. 

The  following  data  will  show  that  already  for  the  pre- 
sent state  of  the  manufacture,  accumulators  have  a  airge 
share  in  reducing  the  cost  of  running  in  an  electric  ceatail 
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station,  without  taking  into  consideration  the  use  oi  storage 
cells  for  regulating  the  tension  at  a  great  distance  or  for  trans- 
forming a  continuous  current  in  sub-stations;  we  only 
regard  here  accumulators  as  part  of  a  central  station  to 
accumulate  electric  energy,  a  very  important  feature,  as  the 
consumption  varies  very  much  accozx]ing  to  hour  and  sea- 
son, and  as  the  economy  of  a  dynamo  alone  is  good  only 
for  an  average  normal  load. 

In  order  to  properly  understand  the  importance  of 
accumulators  for  this  purpose,  let  us  first  consider  the  varia- 
tions which  the  efficiency  of  a  continuous-current  dynamo 
undergoes  with  different  loads. 

The  mechanical  energy  which  is  introduced  int6  the 
dynamo,  measured  in  watts,  consists  of  three  different  parts. 

1,  L,  the  work  required  for  running  the  dynamo  without 
load,  including  the  energy  for  exciting  the  field-magnets ; 

2,  the  second  part,  a  x  W,  is  proportional  to  the  available 
energy,  W,  as  measured  at  the  terminals ;  3,  the  third  part 
is  the  energy  which  is  converted  into  heat  in  the  machine 
(as  far  as  it  depends  upon  the  load)  and  which  is  propor- 
tional to  the  square  of  the  external  current,  or,  in  this  case, 
of  a  continuous-current  dynamo,  to  the  square  of  the  out- 
put.   The  efficiency,  «;,  of  the  dynamo  may  be  written 

W 

^"L  +  aW  +  bW^' 

Let  ^  be  the  ratio  of  the  present  output  to  the  normal 
output  and  a,  p  and  y  three  constants,  then 

A  well-built  dynamo  has  its  best  efficiency  for  a  normal 
output  (^=»1),  and  if  w  becomes  a  maximum,  y  must  be 
equal  to  a,  so  that 

An  efficiency  of  88*5  per  cent,  for  normal  output,  and  75 
per  cent,  for  half  this  output^  already  supposes  a  good  dy- 
namo, for  which  /3=  '331  and  a=  -401. 
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This  equation  is  plotted  as  the  curve  0  A  in  Fig.  1 ;  the 
absciisse  are  ^,  and  the  onlinates  the  efficiencies  w.  Sup 
pose,  now,  a  storage  battery  with  75  per  cent,  efficiency  be 
charged  at  the  normal  load  of  the  machine,  a  condition 
easily  to  be  realised ;  the  actual  efficiency  of  the  battery  in 
reference  to  the  shaft  of  the  dynamo  is 

88-5  X  -75  =  66-4  per  cent,  (line  M  N  in  Fig.  1). 
In  order  to  take  into  account  the  interest  and  deprecia- 
tion of  the  battery  plant  it  is  advisable  to  reduce  the  above 
efficiency  to,  say,  50  per  cent,  (line  M'  N'),  which  is  far 
worse  than  it  would  be  in  actual  running.  The  diagram 
shows  that  it  is  of  advantage  to  use  the  accumulators  if  the 
load  of  the  machines  is  less  than  one  quarter  of  their  normal 
output.  In  order  to  avoid  the  use  of  accumulators  it  would 
be  necessary  to  erect  a  series  of  small  dynamos  instead  of 
one  or  two  large  ones,  so  as  to  better  conform  the  work  to 
the  variations  of  the  consumption,  but  there  are  three  great 
disadvantages  connected  with  this  latter  method :  the  manipu- 
lation of  the  plant  is  less  simple,  the  cost  of  putting  down 
the  plant  is  increased,  and  the  total  efficiency  will  be  re- 
duced. In  neglecting  these  facts,  and  supposing  that  the 
available  power  (of  course,  sufficient  for  the  highest  con- 
sumption in  December)  be  transmitted  to  six  dynamos,  we 
should  still  have  about  11  hours  a  day  (that  is,  46  per  cent 
of  the  whole  time  of  running)  when  a  single  one  of  these 
six  dynamos  would  be  working  with  less  than  one  quarter 


of  its  normal  output  and  when  accumulators  would  be  in 
their  place.  These  data  are  taken  from  load  diagrams  of 
a  central  station  for  12  months  from  the  books  of  Dr.  M. 
Krieg*  and  W.  Fritschef. 

Further,  it  should  be  considered  that  the  motors,  too — 
no  matter  whether  steam  or  gas  engines — give  their  highest 
efficiency  for  normal  load,  and  therefore  it  is  desirable  to 
run  the  motor  plant  with  normal  load  for  several  hours  a 
day,  then  to  shut  it  down  and  to  supply  the  consumers  by 
accumulators,  which  were  charged  in  the  meantime. 

There  is,  of  course,  for  each  central  station  a  special  eco- 
nomical size  of  the  storage  battery,  which  might  be  called 
the  "  economical  capacity,"  just  as  there  is  for  each  electric 
main  an  economical  section.  If  this  be  taken  too  small,  the 
costs  of  coal,  oil,  and  lubricating  materials  for  the  uneco- 
nomically  loaded  machines  increase  the  cost  of  running ;  if 
taken  too  high,  their  interest  and  depreciation  have  the  same 
increasing  effect  upon  the  working  expenses.  Consequently 
there  must  be  a  certain  capacity  of  the  accumulators  be- 
tween those  extremities  which  reduces  the  annual  cost  to  a 
minimum.  We  have  not  to  consider  those  expenses  to 
which  the  sort  of  motive  power  makes  no  difference,  and 
only  have  to  deal  with — 

1st.  Interest  and  depreciation  of  the  boilers,  steam-engine 
or  gas  motor,  and  dynamos. 

2nd.  Interest  and  depreciation  of  the  storage  battery. 

3rd.  Interest  and  depreciation  of  the  instruments  and  ap- 
pliances for  the  control  of  the  motive  power. 

4th.  Cost  for  attendance  and  maintenance  of  the  ma- 
chinery and  accumulator  plant 

However,  it  is  not  so  very  easy  to  get  the  "  economical 
capacity  "  of  the  accumulators  into  a  mathematical  formula, 
as  it  is  possible  for  the  economical  section  of  a  cable,  for 
instance  :  we  must  take  into  account  the  load  diagrams  and 
the  working  expenses,  as  mentioned  above,  for  different 
capacities.  We  saall  hereafter  show  the  best  way  in  which 
to  do  this,  but  first  we^  have  to  say  a  few  words  about  the 
depreciation  of  the  boilers  and  machinery. 

Herr  Fritsche  generally  assumes  the  depreciation  as  5 
per  cent  for  steam-engines  and  dynamos,  and  10  per  cent 
for  the  boilers ;  but  I  think  this  is  not  quite  correct,  because 
a  machine  which  has  to  do  double  the  work  will  probably 
show  double  the  amount  of  wear,  and  it  therefore  will  be 
better  to  take  the  depreciation  as  a  function  of  the  relative 
load — that  is,  the  horse-power  hours  given  out  in  a  certain 
space  of  time  divided  through  those  horse-power  hours 
which  would  have  been  given  out  from  the  machines  in  the 
same  time  for  the  constant  normal  load. 

If  j3  stands  for  this  ratio  the  depreciation  will  be  :  for 
boilers  (8  -h  12  /S)  per  cent. ;  for  steam-engines  and  dynamos 
(4  +  8)9)  per  cent.,  although  it  is  of  no  great  importance  that 
this  is  the  exact  percentage  for  actual  running  \  it  is  only 
necessary  that  we  take  our  figures  not  too  favourable. 

With  the  supposition  that  the  depreciation  of  running 
material  is  a  function  of  the  load,  we  are  much  more  likely 
to  put  down  a  reserve  plant,  as  the  cost  of  running  is  only 
increased  by  the  interest  of  the  reserve,  while  the  deprecia- 
tion will  remain  just  the  same,  because  the  plant  is  then 
less  worn  out 

The  economical  capacity  of  the  accumulators  is  obtained 
in  the  following  way :  First,  take  from  the  diagrams  of 
Dr.  M.  Krieg  and  W.  Fritsche  the  curve  for  December  and 
determine  the  arrangement  of  the  motive  pojirer,  so  that  in 
case  of  a  failure  at  one  machine  the  supply  can  be  done  by 
the  other  machines,  together  with  the  storage  cells,  without 
loading  any  part  of  the  plant  beyond  the  safe  limits ;  then, 
by  adding  the  ordinates  of  the  12  monthly  curves,  we  get 
an  average  curve  for  the  consumption  throughout  the  whole 
year,  which  is  the  basis  for  the  investigation  of  the  working 
expenses.  Next,  we  have  to  find  by  calculation  and 
graphic  construction  : 

1.  Interest  and  depreciation,  and  repair  of  the  boiler, 
steam-engine,  and  dynamo  plant 

2.  Costs  of  materials — viz.,  expenses  for  coal,  water,   oil, 
cleaning,  and  lubrication. 

3.  Interest,  depreciation,  and  repair  of  the  accumulator 
plant 

*  Krieg,  <*  Generating  Electricity  in  Central  Stations.*' 
t  Fritsche,  '*The  Erecting,  Maintaining,  and  Rentability  of  £lec- 
tric  Light  Central  Stations.^'  CtntrtMaUjUr  Eltktr.,  1888,  p.  423. 
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All  tbeee  pointi  must  be  determined  for  different  capa- 
cities, and  also  for  a  plant  without  accumulators — that  is, 
for  the  capacity  zero.     If  we  now  plot  these  three  values  as 
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on]inat«6  for  different  capacities  as  abacissse,  we  got  the 
curves  shown  in  Fig.  2,  which  are  lettered  as  the  points 
above.  {To  U  anUvnud.) 


MAIN  SWITCHES. 


A  new  pattern  of  gunmetal  main  switch  which  is  now 
being  made  in  serenu  sizes  in  both  single  and  double-pole 


Stsgle-pals  Switch. 

t)rpe  by  Messrs.  Dorman  and  Smith,  of  Manchester  and 
London,  is  illustrated  in  the  accompanying  engravings. 


Doable-pola  Switch. 

These  are  good,  strong  switches,  with  a  sudden  and 
double  break,  and  a  good  contact  They  are  on  slate  bases, 
and  con  be  fitted  for  coupling  up  either  at  the  front  or  the 
back.  

ELECTRIC    LIGHTING.  SESSION  1890. 

He  following  is  a  list  of  provisional  orders  granted  by 
the  Board  of  Trade,  or  still  under  consideration,  with  the 
title  <^  order  ajid  description  of  area,  name  of  promoters, 
and  agents  respectively : 

AoaiDgton  ElBCtric  LIftfating  Order — Monicipal  Borough  of 
Aocrington  t  The  CorpormUon  ;  Mesara.  Lemn,  Orogorjr,  and 
ADdereon,  IS,  Kinfs-atreet,  WbttobaU,  S.W. 


Abingdon- street,  WeeUuiiuber,  B.W. 

Ashton-ander-Lvne  Eloctrio  LlKhb  and  Power  Order — Unnicipal 
BoroQgh  of  Ashton-aDder-Xifne  ;  Municipal  Electoio  Light 
and  Power  Corporation,  UmiMd ;  Mours.  William  Webb  and 
Co.,  6,  Eaoei-BtrMt,  Strand,  W.C. 

Ayr  Borgb  Bloctrio  Lighting  Order — Unnloipal  Burgh  of  Ayr  i 
The  Commiaeionon  of  PoGoe ;  Messrs.  Onuuunea,  Carrey,  and 
Spens,  30,  Great  Oeorge-street,  Weatminater,  S.W. 

Bacojp  Electric  Lightlw  Order — Mnnicipal  Boronghof  Baoap; 
The  Corporation ;  i/uetra.  Lewin,  Gregory,  and  Andeison,  13, 
Klng-atraet,  Whitehall,  S.W. 

Bamaley  Bleotria  Lighting  Order — Mnnioipal  Borough  of  Bama- 
ley  ;  The  Corporation  ;  Mesan.  Dnmfoid  and  Co.,  3B,  Parlia- 
ment-street, B.W. 

Bedford  Electric  Lighting  Order— Uanldpal  Boroogh  of  Bedford ; 
The  Corporation  ;  Meaara.  UUithome,  Onrrey,  uid  Villiers,  1, 
Field-oonrt,  Gray's  Inn,  W.C. 

Belfaat  Eleetrio  LightinK  Order— City  of  Belfast ;  The  Corpora- 
tion ;  Meaara.  I^Bon  and  Co. ,  24,  Parliamentratreet,  S.  W. 

BirkenhMd  Electric  Lighting  Order — Borough  of  Birkenhead  | 
The  Corporation  ;  Mesars.  Sbarpe  and  Co.,  9,  Bridge-street, 
Weatminater,  S.W. 

Blackburn  Eiactric  LiKhtlns  Order— Borough  of  Blackburn ;  The 
Corporation  ;  Meaarg.  Tahourdin*  and  Co.,  20,  Victoria-street, 
Weetminater,  S.W. 

Blackpool  Eleotric  Lighting  Order — Monieipal  Boroogh  of  Black- 
pool ;  The  Corporation ;  Messrs.  Dyson  and  Co.,  21,  Parlia- 
ment-street, S.W. 

Bognor  Electric  Lighting  Order — Local  Board  District  of  Bognor ; 
The  Electric  Trust,  limited;  Measra.  Wyatt  and  Ca,  28, 
Parlisraent-atreet,  3-W. 

Bonmamouth  Electric  Lighting  Order— The  District  under  the 
control  of  the  Bournemouth  Improvement  Commiaaionera,  to- 
gether with  a  portion  of  the  Diatrict  of  the  Foole  Urban  Sani- 
tary Authority;  Brush  Electrical  Engineering  Co.,  Limited; 
Sydney  Morse,  Esq.,  4,  Fencharch-aveoue,  B.C. 

Bournemouth  Electric  Supply  Order — Urban  Sanitary  Dia- 
trict of  BoumemoQth  ;  South  of  England  House- to-Eouse 
Electricity  Co.,  Limited  ;    Messrs.  Wyatt  and  Co.,  28,  Parlia- 


Bnmley  Electric  Lighting  Order — Municipal  Borough  of  Burnley  ; 

Tbe  Corporation  ;  Messrs.  Tahourdins  and  Co.,  20,  Victona- 

Btreet,  Weatminater,  S.W. 
Burton- upon -Trent  Eleotric  L^htintr  Order — Municipal  Borough 

of  Burton -upon.  Trent ;  The  Corporation ;  Meaara.  Dyson  and 

Co.,  24,  Porliament-atreet,  B.W 


Kiw-street,  Whitehall,  B.W. 
Cambrii%e  Electric  Lighting  Order— uoroogii  ot  uambridge ;  Tbe 

Cor[Wration ;    Meaara.    Sharpe   and    Gt.,    Q,    Bridge-street, 

WestmiDster,  aw. 
Chatham,  Rooheeter,  and  Diatrict  Electric  Lighting  Order — Por" 

tioosoftheParishesof  Frindsbury,  Strood,  St.  Nicholas  and  St. 

Margaret's,  Rochester,   Chatham  and  Gillingham  ;  Chatham, 

Rochester,  and  District  Electric  Lighting  Cc^pany,  Limited ; 

C.  B.  Baker,  Esq.,22,  Great  George  .atreeb,  S.W. 
Cheltenham  Eleobdc  Lighting  Order — A  portion  of  the  Municipal 

Borough  of  Cheltenham ;  The  Corporation  ;  Meaara.  Wyatt  and 

"      "^  Parliament-street,  S.W. 


S.W. 


a  and  Leslie,  27,  Abiogdon-etreet,  Weat- 

Coatbridge  Electric  Supply  Order — Burgh  of  Coatbridge  ;  Scottish 
Houae-to-Houae  Electricity  Company,  Limited ;  Meaara.  Wyatt 
and  Co.,  28,  Partiament-atreet,  S.W. 

tCrompton  Electric  Lighting  Order — Urban  Sanitary  District  of 
Crompton  ;  Tbe  ^ical  Board  ;  J.  C.  Ball,  Esq.,  16,  Parlia- 
ment-street,  S.W. 

Darlington  Electric  Lighting  Order — A  portion  of  the  Municipal 
Borough  of  Darlington  ;  The  Corporation  ;  Messrs.  Dumford 
and  Co.,  38,  Parliament- street,  B.W. 

Derby  C<»poration  Electric  Lighting  Order— Municipal  Borough 
of  Derby ;  The  Corporation ;  Meeare.  R.  W.  Cooper  and  Sons, 
Wntnunster-chambers,  7,  Viotoria-atreet,  S.W. 

Dover  Electric  Lighting  Oiiler — Borough  of  Dover ;  The  Corpora- 
tion ;  Messrs.  Sha^M  and  Co.,  0,  Bridge-street,  Westodnster, 

Dun- 
Polioe; 
Meaara.  W.  Roberteon  and  Co.,  45,  Parliamont-atreet,  S.W. 

Eastbourne  Electric  Supply  Order — Borough  of  Eastbonme ;  Bast- 
bourne  Electric  Light  Company,  Limited  ;  Mesara.  Wyatt  and 
Co.,  28,  Parliament-atreet,  S.W. 

Fleetwood  Electric  Lighting  Order— Urban  Sanitary  District  of 
Fleetwood  ;  Fleetwood  Improrement  Commissioners ;  J.  C. 
Ball,  Esq.,  IS,  Parliament-street,  Westminster,  S.W. 

Oalway  Electric  Ugfating  Order— District  over  which  the  Galway 
Town  Improvement  C^ommissionera  are  the  Urban  Sanitary 
Authority  ;  Oalway  Electric  Compooy  ;  Messrs.  Volpy,  Chap- 
lin, and  Peokham,  19,  Lincoln 'a- inn -fields,  W.C- 

'Olaagow  Electric  lighting  Order— City  and  Royal  Burgh  of 
Glaagow ;  The  Gas  (^mmissionera ;  Mesare.  Martin  and 
Leslie,  27,  Abingdon-atreet,  Westminster,  S.W. 


'Dundee  Electric  lighting  Order — ParliameotaiT  Burgh  of  I 
dee ;  The  Gas  ^mmuaionera  and  Commissioners  of  Pol 
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Greafe  Yftrmonth  Eleotrio  Lijchtine  Order — Borough  of  Oreat 
YarmottUi ;  The  Gorporatioxi  ;  Meesn.  Sharpe  and  Co. ,  9, 
Bridge-street,  Weetimneter,  8.W. 

HastinffB  and  St.  LeonardB-on-Sea  Electric  Supply  Order—Boroogh 
of  jSastingB  (including  St.  Leonards-on-Ma) ;  QebBtin^  and 
St.  Leonarda-on-Sea  Bleotric  Light  Company,  Limited; 
Messrs.  Wyatt  and  Co.,  28,  Parliament-street,  S.W. 

Hastings  Electric  Lighting  Order — Municipal  Borough  of  Hastings 
(certain  public  purposes  only) ;  The  Corporation ;  Messrs.  W. 
and  W.  M.  Bell,  27,  Great  Geor^e-stieet,  S.  W. 

Hove  Electric  Lighting  Order— District  and  Parish  of  Hove; 
Hove  Commissioners;  Messrs.  Sharpe  and  Co.,  9,  Bridge- 
street,  Westminster,  S.W. 

Huddersfield  Electric  L^hting  Order — County  and  Municipal 
Borough  of  Huddersfield;  The  Corporation;  Messrs.  Dyson 
and  Co.,  24,  Parliament-street,  8.W. 

*Kelyinside  Electric  Lighting  Order— District  of  Kelvinside ;  Kel- 
vinside  Electricity  Company,  Limited  ;  Messrs.  Grahames, 
Currey,and  Spens,  90,  Great  George-street,  \Vestminster,S.  W. 

Kingston-upon-HuU  Electric  Lighting  Order — Municipal  Borough 
of  Kingston-upon-HuU ;  The  Corporation ;  Messrs.  MarSo 
and  Leslie,  27,  Abingdon-street,  Westminster,  S.W. 

Lancaster  Electric  Lighting  Order — Municipal  Borough  of  Lan- 
caster ;  The  Corporation ;  Messrs.  Hargreaves,  Crowther,  and 
Jordan,  9,  Bridge-street,  Westminster,  S.W. 

Leicester  Electric  Lighting  Order — Municipal  County  Borough  of 
Leicester ;  The  Corporation ;  Messrs.  Dyson  and  (>).,  24, 
Parliament-street,  S.  W. 

Malvern  Electric  Lighting  Order — Local  Government  District  of 
Malvern ;  The  Local  Board :  Messrs.  Ellis,  Munday,  and 
Bartrum,  CoUe^-hill-chambers,  23,  CoUege-hill,  E.C. 

Manchester  Electric  Lighting  Order — A  portion  of  the  City  of 
Manchester ;  The  Corporation  ;  Messrs.  Sharpe  and  Co.»  9, 
Bridge-street,  Westminster,  S.W. 

^Manchester,  Salford,  and  District  Electric  Supply  Order — Man- 
chester House-to-House  Electricity  Company,  Limited ; 
Messrs.  Wyatt  and  Co.,  28,  Parliament-street,  S.  W. 

Morecambe  Electric  Light  and  Power  Order — A  portion  of  the 
District  of  the  Morecambe  Local  Board ;  Messrs.  T.  R. 
Andrews  and  T.  Preeoe ;  Messrs.  Torr  and  Co.,  19,  Parlia- 
ment-street, S.W. 

Northampton  Electric  Lighting  Provisional  Order — Municipal 
Borough  of  Northampton  and  parte  of  the  Rural  Sanitary 
Districts  of  the  Northampton  Union  and  the  Hardingstone 
Union;  Northampton  Electric  Light  and  Power  Company, 
Limited ;  Messrs.  Deacon  and  Co.,  4,  St.  Mary  Axe,  E.Cf. 

Nottingham  Electric  Lighting  Order — Borough  of  Nottingham  ; 
The  Corporation ;  Messrs.  Sharpe  and  Co.,  9,  Bridge-street, 
Wescminster,  S.W. 

Oldham  Electric  Lighting  Order — ^Boroueh  of  Oldham  ;  The  Cor- 
poration ;  Messrs.  Dyson  and  Co.,  24,  Parliament-street,  S.W. 

Oxford  Electric  Lighting  Order— City  of  Oxford ;  Electric  Instal- 
lation and  Mamtenance  Company,  Limited ;  Messrs.  Walter 
Webb  and  Co.,  23,  Queen  Victoria-street,  E.C. 

Plymouth  and  District  Electric  Supply  Order — County  Borough  of 
Plymouth  ;  Devon  and  Cornwall  Electridtv  Supply  Company, 
Limited  ;  Messrs.  Wyatt  and  Ck).,  28,  Parliament-Btreet,S.W. 

Portsmouth  Electric  Lighting  Order— Municipal  Borouffh  of  Ports- 
mouth ;  The  Corporation ;  Messrs.  Sherwood  and  Co,,  7>  Great 
George-street,  S.W. 

Preston  Electric  Lighting  Order— A  portion  of  the  Parish  of 
Preston ;  National  Electric  Supply  Company,  Limited ; 
Messrs.  Learoyd,  James,  and  Mellor,  12,  (Doleman-street,  E.C. 

Preston  and  Fulwood  Electric  Supply  Order — County  Borough  of 
Preston,  the  Township  of  Fulwood,  the  District  of  the  Ful- 
wood Local  Board;  and  the  District  of  the  Preston  Union 
Rural  Sanitary  Authority ;  Lancashire  and  Cheshire  House- 
to-House  Electricity  Company,  Limited  ;  Messrs.  Wyatt  and 
Co.,  28,  Parliament-street,  S.W. 

Salford  Electric  Lighting  Order— Municipal  Ountv  Borough  of 
Salford  ;  The  (Orporation  ;  Messrs.  Dyson  and  (%.,  24,  Parlia- 
ment-street, S.W. 

Sevenoaks  Electric  Lighting  Order — Local  Board  District  of  Seven- 
oaks  ;  The  Electric  Trust,  Limited  ;  Messrs.  Wyatt  and  Co., 
28,  Parliament-street,  S.W. 

Stafford  Electric  Lighting  Order — ^Municipal  Borough  of  Stafford ; 
The  (Corporation  ;  Messrs.  Byrne  and  Blakiston,  14,  Bell-yard, 
Temple  Bar,  W.C. 

Stockton-on-Tees  Electric  Lighting  Order — ^Municipal  Borough  of 
Stockton-on-Tees ;  The  Corporation  ;  Messrs.  Dyson  and  O)., 
24,  Parliament-street,  S.W. 

Tiverton  Electric  Lighting  Order — A  portion  of  the  Municipal 
Borough  of  Tiverton ;  The  Ck)rporation ;  Messrs.  Rees  and 
Frere,  13,  Great  George-street,  S.W. 

Tunstall  Electric  Lighting  Order — Local  Board  District  of  Tun- 
stall  ;  The  Electric  Trust,  Limited  ;  Messrs.  Wyatt  and  Co., 
28,  Parliament-street,  S.W. 

Walsall  Electric  Lighting  Order— Borough  of  Walsall ;  The  0)r- 
poration  ;  Messrs.  Sharpe  and  Co.,  9,  Bridge-street,  West- 
minster, S.W. 

Wigan  Electric  Lighting  Order- -Borough  of  Wigan ;  The  Cor- 
poration; Messrs.  Sharpe  and  Co.,  9,  Bridge-street,  West- 
minster, S.W. 

Windsor  and  Eton  Electric  Lighting  Older — Parish  of  New 
Windsor,  and  a  portion  of  the  District  of  the  Eton  Rural 
Sanitary  Authority  ;  Windsor  and  Eton  Electric  Light  Com- 
pany, Limited  ;  Mr.  Sydney  Morse,  4,  Fenchuroh-avenue,  E.C. 

Woking  Electric  Supply  Company  Order— Parish  of  Woking ; 
Woking  Electric  Supply  0>mpany,  Limited  ;  Messrs.  Blrohion 
and  (]k>.,  46,  Parliament-street,  S.W. 


Wolverhampton  Electric  Lighting  Order— Munidpal  Boroiurh  of 
Wolvernampton ;  The  (xirporation ;  Messrs.  oharpe  and  Co., 
9,  Bridge-stoeeti  Westminster,  S.W. 

Worcester  Electric  Lighting  Order— City  of  Worcester ;  The  Cm- 
poration ;  Messrs.  Shiupe  and  Co.,  9,  Bridge-street,  West- 
minster, S.W. 

Wrexham  Electric  Light  and  Power  Order— Municipal 
Borouffh  of  Wrexham ;  Wrexham  and  District  Electric  Supply 
Co.,  Limited;  Messrs.  Sherwood  and  Co.,  7,  Great  George 
street,  S.W. 

York  Electric  Lighting  Order— Citv  of  York ;  The  Corporation  ; 
Messrs.  Sharpe  and  Co.,  9,  Bridge-street,  Westminster,  S.Wt 

London  and  Sububbs. 

*City  of  London  Electric  LightingOrder— A  portion  of  the  Gitjr 
of  London  ;  Brush  Electrical  Engineering  Coxnpany,  Limited; 
Sydney  Morse,  Es(].,  4,  Fenchurdi-avenue,  E.C. 

*City  of  London  Electric  Lighting  Order — ^A  portion  of  the  City 
of  London  ;  The  Laing,  Wharton,  and  Down  Construction 
Syndicate,  Limited  ;  Henry  F.  Kite,  Esq.,  11,  Queen  Victoria- 
street,  E.C. 

Crystal  Palace  and  District  Electric  Lighting  Order— Portions  of 
following  districts— viz.:  Parishes  of  Lambeth  and  Camber- 
well,  District  of  Lewisham  District  Board  of  Works,  of 
Beckenham  Local  Board,  and  Borough  of  Crojrdon ;  Electric 
Installation  and  Maintenance  Company,  Limited;  Messrs. 
Walter  Webb  and  Co.,  23,  Queen  Victoria-street,  KC. 

Lambeth  Electric  Supply  Order— Parish  of  St.  Mary,  Lambeth  ; 
House-to-House  Electric  Light  Supply  Company,  Limited; 
Messrs.  W^att  and  Co,  28,  Parliament-street,  S.  W. 

London  Electric  Supply  Corporation  Electric  Lighting  (Metro- 
politan) Order— Parish  of  Camberwell  (part  of),  Parish  of  St. 
Geor^-the-Martvr,  Southwark  ;  London  Electric  Supply  Cor- 
poration, Limited ;  Messrs.  Deacon  and  Co.,  4,  St.  Msjy  Axe, 
E.C. 

Metropolitan  Electric  Supply  Company,  Limited,  Lighting  Order — 
Parish  of  Paddington;  Metropolitan  Electric  Supply  Com- 
pany, Limited;  Messrs.  Biroham  and  Co.,  46,  Parliament- 
street,  Westminster,  S.W. 

North  Loudon  Electric  Supply  Order— Parish  of  Islington  ;  House- 
to-House  Electric  Light  Supply  Company,  Limited ;  Messrs. 
Wyatt  and  Co.,  28,  Parliament-street,  S.  W. 

St.  James's  Electric  Lighting  Order— Parish  of  St.  James's,  West- 
minster ;  St.  James's  and  Pall  Mall  Electric  Light  Company, 
Limited ;  Sydney  Morse,  Esq.,  4,  Fenchuroh-avenue,  E.C. 

Wandsworth  District  Electric  Supply  Order— District  of  the 
Wandsworth  District  Board  of  Works:  Messrs.  A.  and  S. 
Gatti ;  Messrs.  Wyatt  and  Co.,  28,  Parliament-street,  S.  W. 

The  following  orders  with  relation  to  the  metropolis  had 
been  previously  granted.  We  give  the  title  of  order,  and 
how  it  is  dealt  with. 

House-to-House  Electric  Light  Supply  Order— The  order  was 
granted  for  two  areas  within  tne  Parish  of  Kensington,  St. 
Mary  Abbot. 

Kensington  and  Knightsbridjge  Electric  Lighting  Order — Order 

f ranted  for  a  portion  ofthe  Parish  of  Sensington,  St.  Mary 
kbbot,    and   the   detached    portion   of   the   rariah   of    St. 
MaEvarot,  Westminster. 

London  Electric  Supply  Corporation  Electric  lighting  Order — 
Order  granted  tor  the  following  Districts:  Parishes  of  St. 
James,  Westminster ;  St.  George,  Hanover-square ;  Chelsea 
(except  the  detached  portion) ;  Rotherhithe ;  Clerkenwell ; 
Bermondsey ;  St.  Mary,  Newington ;  Lambeth  (the  portion 
north  of  Westminster-bridge-road) ;  St.  Martin's-in-the-Fielde 
(the  portion  west  of  St.  Martin's-lane  and  south  of  the  Strand) ; 
the  united  Parishes  of  St.  Margaret  and  St.  John-the- 
Evangelist,  Westminster  (the  portion  north  of  Victoria-street, 
Parliament-square,  and  Bridge-street).  The  Districts  of  the 
following  Boards  of  Works :  Greenwich  District,  St.  Olave 
District,  St.  Saviour's  District. 

Metropolitan  Electric  Supply  Company  (Mid-London)  Lightins^ 
Order — Granted  for  the  Districts  of  the  following  Boards  of 
Works :  St.  Giles*  District,  Holbom  District,  Strand  District. 

Metropolitan  Electric  Supply  Company  (South  London)  Lighting^ 
Order — Granted  for  the  Parish  of  Lambeth  and  the  Parishee 
of  Gapham  and  Streatham,  which  form  part  of  the  DiBtrict  of 
the  Wandsworth  Board  of  Works. 

Metropolitan  Electric  Supply  Company  (West  London)  Lighting* 
Order — Granted  for  the  Parish  of  St.  Marylebone. 

Netting  Hill  Electric  Lighting  Order-^Granted  for  a  portion  of 
the  Parish  of  Kensington,  at.  Mary  Abbot. 

St.  Martin's  and  Strand  Electric  Lighting  Order —This  order  was  ap* 
plied  for  by  the  Electrical  Power  Storage  Company  with  a  view 
to  the  formation  of  a  separate  company  for  the  purposes  of  the 
order.  This  company  was  eventually  registered  under  the 
title  of  the  Electrical  Supply  Corporation,  Limited,  to  whom, 
with  the  approval  of  the  Vestry  of  St.  Martin's-in-the-Fielde, 
the  order  was  granted.  As  the  Strand  Board  of  Works 
objected  to  the  grant  of  the  order,  the  Board  of  Trade  declined 
to  include  the  district  of  that  Board  in  the  area  of  supply. 

South  Kensin^^n  Electric  Lighting  Order—  Granted  for  a  portion 
of  the  Parish  of  Kensingrton,  St.  Marv  Abbot. 

Westminster  Electric  Lighting  Order — Granted  for  the  Parish  of 
St.  George,  Hanover-square,  and  the  portion  of  the  United 
Parishes  of  St.  Margaret  and  St.  John-the-EvangeUst,  West- 
minster, lying  to  the  south  of  the  line  of  the  Metropolitan 
District  F^ailway. 
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PHYSICAL  SOCIETT.-^une  20. 


Prof.  W.  E.  Atbton,  F.R.S.,  Preflident,  in  the  chair. 

ICr.  G.  ▼.  Boys  read  a  paper  on  "  The  MeMmrament  of  Slaetro- 
mucBotfo  BAdlAtton,"  by  himBelf,  Meaers.  A.  B.  Briscoe  and  W. 
Watson.  When  Mr.  Gregory  described  his  new  electric  radiation 
meter  on  November  Ist,  1889,  one  of  the  aathore  said  that  the  ob- 
aerved  effect  might  be  due  to  some  cause  other  than  expansion  by 
beating,  and  that  if  it  was  a  true  heating  effect  it  might  be  mea- 
sured tJiermallv.  The  present  communication  descrihes  experi- 
ments undertaken  to  investigate  the  question.  The  first  method 
emplimd  was  developed  from  the  idea  that  if  two  fine  wires  be 
placeci  near  tcmther,  and  both  act  as  resonators  to  a  primary 
oscillator,  theelectrodynamic  attraction  caused  by  the  electric  cur- 
rents up  and  down  the  wires,  and  the  electrostatic  repulsion  be- 
tween the  chaiges  on  them,  might  result  in  the  relative  motion  of 
the  two  wires.  From  theoretical  considerations  based  on  the  as- 
sumption that  the  currents  are  harmonic  in  time  and  space,  the 
authors  inferred  that  theelectrodynamic  effect  would  preponderate 
at  the  middle  of  the  wires,  whilst  the  electrostatic  repulsion  would 
be  greatest  at  the  ends.  To  cause  the  attractions  and  repulsions 
to  conspire,  cranked  resonators,  ABC  (as  in  the  figure),  were  made  ; 


B 
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one  was  fixed,  and  the  other  suspended  by  a  quartz  fibre,  to  turn 
about  a  middle  line,  D  E.  These  were  enclosed  in  a  glass  vessel, 
and  on  starting  the  oscillator  a  turning  movement  was  observed  in 
a  direotion  opposite  to  that  expected.  This  motion  was  eventually 
teaced  to  the  electrostatic  influence  of  the  oscillator,  for  f^thougn 
the  imperfectlv  conducUng^  surface  of  the  glass  acted  as  a 
perfect  screen  from  such  action  when  the  potentials  of  the  oscillator 
were  varied  slowly,  it  did  not  do  so  for  changes  occurring  about 
500  million  times  per  second.  After  adopting  means  to  avoid  this 
disturbance  and  constructing  lighter  resonators,  the  experiments 
were  repeated  with  negative  results.  From  the  dimensions  of  the 
quarts  fibre  used  it  was  estimated  that  a  force  of  158  million  ths  of 
a  grain  could  have  been  detected  ¥rith  certainty  ;  this  would  have 
corresponded  to  about  y^^  of  an  ampere  in  each  resonator.  It  is 
hoped  that  by  further  increasing  the  sensitiveness  oi  the  apparatus 
and  using  parabolic  reflectors  the  effect  sought  for  may  be  aeteoted. 
In  the  second  method  of  attacking  the  subject,  a  Joule's  dynamic 
air  thermometer  was  employed.  This  consisted  of  a  glass  tube 
with  a  partition  alone;  the  middle  extending  nearly  to  the  ends. 
If  one  side  of  the  tube  be  warmed,  convection  currents  circulate 
and  deflect  an  index  plaodd  in  the  stream.  A  small  mirror  sus- 
pended about  one  edge  and  counterpoised  was  used  for  an  index, 
and  was  so  sensitive  that  it  was  impossible  to  set  the  air  still 
enough  by  any  ordinary  method  of  screening,  ^wever,  by  the 
ingenious  device  of  puttine  the  thermometer  within  a  larger  tube 
kept  rotating  by  clockwork,  the  difficulties  were  surmounted.  A 
doubled  wire  placed  in  one  side  of  the  thermometer  served  as 
reaonator,  and  on  starting  the  oscillator  a  large  deflection  resulted. 
A  siznilar  deflection  was  caused  by  applyizig  about  one-third  of  a 
volt  to  the  ends  of  the  wire.  This  proved  that  the  effect  observed 
by  Mr.  Gre^iy  is  due  to  heating.  The  least  rate  of  heating 
observable  with  the  air  thermometer  was  found  to  correspond  to 
one  calorie  (gramme-water-centigrade)  per  24  hours  in  the  whole 
tube,  or  one  calorieper  centimetre  of  wire  in  103 days.  Dr.  Xiodge 
asked  Sir  William  Tnomson  whether,  when  electric  pulses  travel 
along  parallel  wires  with  the  velocity  of  light,  any  action  could 
exist  oetween  them,  for  two  charged  spheres  travelling  together  at 
that  vdocity  exert  no  mutual  attraction  or  repulsion.  In  reply, 
Star  William  said  he  was  inclined  to  think  Mr.  Bo^s*  treatment  of 
the  subject  was  in  the  main  correct,  but  it  was  quite  possible  that 
at  such  velocities  the  ordinary  laws  might  be  modifiea  by  the  fact 
that  the  time  taken  for  the  force  to  be  propagated  from  wire  to 
wire  is  comparable  with  that  required  for  the  pulse  to  travel  the 
whole  lengtn  of  the  wire.  As  an  example  of  the  peculiar  effects  of 
rapid  discnarffes,  he  said  he  had  seen  two  copper  wires  which  had 
been  flattened  against  each  other  by  lightning.  Mr.  Boys  thought 
tiiatin  hisresonatorsaoondition  analogous  to  stationary  waves  would 
exist,  for  the  pulses  are  reflected  from  the  ends.  Dr.  Lodge  said  he 
had  Uiat  afternoon  observed  theaction  of  parallel  strips  when  Leyden 
jar  disdiarges  were  passed  through  them.  The  strips  gave  a  kick  at 
each  discharge.  Mr.  Oregory  mentioned  that  in  trying  to  increase 
the  sensitiveness  of  his  meter  so  as  to  meanure  the  variation  with 
distance,  ha  had  found  that  two  resonators  in  proximity  interfered 
with  each  other.  He  had,  however,  succeeded  in  increasing  the 
sensibility  about  fivefold.  Prof.  Wortmagton  asked  if  it  was  pos- 
sible to  measure  the  energy  of  the  oscillator,  and  also  whether  the 
quantity  caught  bv  the  resonator  could  be  estimated  from  the  solid 
angle  it  subtended  at  the  source  of  energy,  wherever  that  might 
be.  Pm£  Ferry  considered  it  easier  to  infer  the  energy  of  the 
source  from  that  received  by  the  resonator.  Dr.  Lodge  said  the 
energy  of  the  source  could  be  easily  measured.  The  power  radiated 
was  enormous  whilst  it  lasted,  vastly  exceeding  that  of  tropical 


sunshine ;  and  if  it  could  be  made  continuous  the  apparatTis  would 
soon  be  red-hot.  The  energy  radiated,  he  said,  converges  on  the 
resonators,  and  hence  the  solid  angle  method  of  estimating  the 
amount  received  would  be  erroneous.  Moreover,  the  source  was 
not  at  the  oscillator,  but  at  a  quarter  vrave-length  from  it,  and 
most  of  the  energy  returns  to  the  oscillator.  Only  a  small  fraction 
is  splashed  off  and  sent  into  space.  Small  oscillators  radiate 
powerfully  because  the  quarter  wave-lengths  are  small,  whereas 
the  slow  oscillators  or  alternators  used  commercially  radiate  very 
little  of  their  energy.  The  exact  law  of  variation  of  intensity  of 
radiation  with  distance  was  rather  complicated,  but  the  theory 
had  been  completely  worked  out  by  Stokes  in  1848.  Mr.  Blakealey 
thought  the  energy  that  returns  to  the  oscillator  would  be  avail- 
able for  subsequent  radiations.  Xta*.  Lodge  pointed  out  that  wires 
or  other  resonators  placed  within  the  quarter  wave-length  would 
intercept  part  of  the  returning  energy. 

Two  communications,  "Notes  on  Booondary  Batterloa,**  by  Hr, 
OladstoBo  and  Mr.  HIbbort,  and  "Aa  Saay  Bule  fsr  Galon- 
latliig  Approximately  the  Solfrlndnetioii  of  a  CoU,**  by  Pro!  J. 
Perry,  were  taken  as  read.  In  the  first  of  these,  the  authors 
show  cause  for  believing  that  the  beneficial  effect  produced  by 
adding  sodium  sulphate  to  the  ordinary  electrolyte  is  due  to  its 
power  to  diminish  local  action  between  the  electrolyte  and  diffe- 
rent parts  of  the  lead  plates.  As  regards  the  ehemical  actions 
which  take  place  during  the  working  of  ordinary  cells,  they  see 
no  reason  to  doubt  the  view  put  forward  bj  one  of  them  in  1882, 
that  the  substance  produced  in  the  voltaic  reaction  is  ordinary 
lead  sulphate,  PbSOi.  They  also  conclude  that  the  high  E.M.F. 
of  a  cell,  immediately  after  stopping  the  charging  current,  is  due 
to  the  ineauality  of  acid  strength  near  the  two  plates,  and  the 
gradual  fall  of  E.M.F.  is  causM  by  the  equalisation  of  strength 

Sroduced  by  diffusion.     Prof.  Perry's  rule  relates  to  hollow  cyUn- 
rical  coUs,  and  is  expressed  by  the  following  formula : 

n«  a^  -5-  ly 
L  (in  secohms)  =  i.844a  +  S'le  +  3-56' 

where  n  =  number  of  windings, 

a  =  mean  radius  of  winding  in  centimetres, 

b  =  axial  length, 

e  =:  radial  depth  of  winding, 

a 
and  h  and  e  are  less  than  ^ 

The  time-constant  of  such  a  coil  is  given  in  terms  of  the  volume 
of  copper  (V^)  in  cubic  centimetres  by 

L V^  -f  1000 

R  ~  -7280+  1-33C  +  1-56* 

and  the  conditions  for  making  this  small  are  pointed  out  in  the 
paper. 


NEW  COMPANIES  REGISTERED. 


Boaloa,  Llmltod.— Regiitered  by  Bolton  and  Mote,  11,  Gray's- 
inn-square,  W.C,  with  a  capital  of  £75,000  in  £1  sharos.  Ob- 
ject :  to  acquire  the  businesses  of  a  public  caterer,  restaurateur, 
general  provision  dealer,  licensed  victualler,  and  electric  light 
and  power  contractor  now  carried  on  under  the  style  of  W.  B^le 
and  Ck>.,  at  370,  372,  and  464,  HoUoway-road,  Islington.  The 
first  subscribers  are  :  Shares. 

W.  Garden,  Loraine-place,  847,  Holloway-road 1,000 

H.  S.  Shipton,  Ellendale,  Crescent-road,  Crouch-end     250 

R.  Berriage,  15,  Highbury-grove,  N 250 

W.  Beale,  370,  Holloway-road 250 

J.  Humphries,  Westfield,  Turnpike-lane,  Homsey,  N.     250 

W.  E.  Beale,  4,  ToUington-road,  Holloway 250 

H.  W.  Mote,  75,  Isledon-road,  Holloway 20 

There  shall  not  be  less  than  three  nor  more  than  five  Directors. 
The  first  are  W.  Carden,  H.  S.  Shipton,  R.  Berridge.  and  W. 
Beale.  Qualification,  250  shares.  Remuneration  :  the  Directors 
shall,  subject  as  hereinafter  provided,  be  entitled  to  receive  for 
their  remuneration  out  of  the  funds  of  the  0)mpany,  before  any 
dividend  is  declared,  a  sum  not  exceeding  £260  per  annum  for  their 
attendance  at  the  Board  meetings.  Two  gumeas  shall  be  the 
maximum  sum  for  each  attendance,  except  that  the  Chairman  shall 
be  entitled  to  a  double  fee  for  each  attendance,  but  the  Directors 
•  may  amongst  themselves  determine  whether  the  payment  for  each 
attendance  shall  be  less  than  two  jyruineas.  This  article  is,  how- 
ever, subject  to  the  right  of  the  Company  to  determine  in  any 
general  meeting  what  other  (if  any)  amount  shall  be  paid  or 
allowed  to  the  Directors  for  their  remuneration,  and  under  and 
subject  to  what  conditions  (if  any)  the  same  shall  be  so  paid  or 
allowed. 

Xntomattonal  Okonlto  Compa&y,  Umltod. — Registered  bv 
Parker,  Garrett  and  Parker,  St.  Michaers  Rectory,  Comhill,  witn 
a  capital  of  £340,000  in  £10  shares.  Object :  to  carry  into  effect 
an  agreement  made  between  Woodhouse  and  Rawson  United, 
Limited,  and  the  above  company ;  to  carry  on  business  as  elec- 
tricians, engineers,  merchants,  and  any  busmess  calculated  to 
enhance  the  value  of  the  Company's  property.  The  first  sub- 
scribers are :  Shares. 

F.  Spooner,  83,  Rendlesham-road,  Clapton  1 

J.  Beaumont,  9,  Daneville-road,  S.E 1 

H.  E.  Smith,  26,  Park-place,  Levton 1 

H.  C.  Newton,  121 ,  Avenue-road,  Highbury 1 

J[.  J.  Standen,  60,  Moray-road,  N 1 

W.  Dauncey,  6,  Lexham-gardens,  W 1 

A,  Stevens,  4,  Trafalgar-square  «    1 
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The  Directors  shall  oonsisfc  of  residents  in  the  United  Kingdom 
not  exceeding  six,  and  in  the  United  States  of  America  not  exceed- 
ing five.  The  first  in  the  United  States  of  America  shall  be  F. 
Cazenove  Jones,  H.  Durant  Cheever,  W.  L.  Candee,  J.  H. 
Cheever,  and  J.  L.  Martin.  The  first  Directors  in  the  United 
Kingdom  to  be  appointed  by  the  subscribers  to  tiie  memorandum 
of  association.  Qualification,  £600.  The  Directors  resident  in  the 
United  Kingdom  shall  be  entitled  to  £1,500,  divisible,  and  3  per 
cent,  on  net  profits  other  than  those  made  by  the  American  branch 
of  the  business.  The  Directors  in  the  United  States  of  America 
shall  be  entitled  to  5  per  cent,  of  the  net  profits  made  in  Uie 
American  branch  of  the  Dusiness ;  the  same  to  be  divisible. 


TlMtfinrd  deetrlo  Idght  and  P«w«r  CompMij,  LImltad, — 

Registered  bv  R.  Jordan,  120,  Chancery-lane,  W.G.,  with  a 
capital  of  £5,000  in  £10  shares.  Object :  to  carry  on  the  business 
of  electricians,  mechanical  engineers,  etc.  There  shall  not  be  less 
than  two  nor  more  than  four  Directors.  The  first  are  Mr.  G. 
Burrell,  jun.,  Mr.  R.  G.  BurreU,  Mr.  F.  J.  Burrell,  and  Mr.  W. 
Jackson.  Qualification,  £50.  Remuneration  to  be  determined  in 
general  meeting. 


CITT   NOTES. 


BraBUIaa  Bnlwnarme  Tetograpb  Oompaay*— The  receipts  for 
the  week  ended  June  27  amounted  to  £4,169. 

West  Cammt  of  AflMrlea  Telegraph  Gompaiiy. — The  receipts 
for  the  month  of  June  amounted  to  £5,475. 

■aatom  Ttfegrapli  CooipaBy. — The  traffic  receipts  for  June 
were  £51,019,  as  against  £44,805  for  the  same  period  of  1889,  or  an 
increase  of  £6,214. 

West  India  and  Panama  Tetograph  Company.— The  receipts 
for  the  half-year  ended  June  30  show  an  increase  of  £353  as  com- 
pared with  the  corresponding  period. 

■aatem  KztonalonTelegrapli  Oumpaay,  Umtted.— An  interim 
dividend  for  the  quarter  ended  March  last  of  2s.  6d.  per  share  has 
been  declared  by  the  Boud  of  this  Company,  payable  on  the  15th 
instant. 


BrasUian  Telegraph  Company,  f  limited. — The 

receipts  for  the  week  ended  June  27,  after  deducting  the  fifth  of 
the  gross  receipts  payable  to  the  London  Platino- Brazilian  Tele- 
graph Company,  were  £3,216. 

National  Telephone  . Company ,  Limited.— The  Directors  re- 
commend a  dividend  on  the  ordinary  capital  for  the  half-year  end- 
ing April  30  at  the  rate  of  6  per  cent,  per  annum,  placing  £40,000 
to  reserve,  and  carrying  forward  about  £11,000. 

■astern  Sxtension,  Anstralaala,  and  China  TOIegraph  Com- 
pany, Limited. — This  Company  notify  that  the  coupon  on  their 
5  per  cent.  Australian  Government  subsidy  debentures,  due  on 
July  1,  will  be  paid  on  and  after  that  date  at  the  banking-house 
of  Messrs.  Barclay,  Bevan,  and  Co.,  54,  Lombard-street,  £.C. 
The  Company  have  declared  an  interim  dividend  of  2s.  6d.  per 
share,  tax  free,  payable  on  15th  inst. 


PROVISIONAL  PATENTS,  1890. 


JnNB24, 

0773.  A  system  foot  woridag  punkahs  by  Otoetrieity.  Robert 
Thornton  Moore,  Royal  Artillery,  Colombo,  Ceylon. 

9780.  Improvements  in  eleetrie  raUway  sii^ials.  William 
James  Smith  and  James  Walter  7ox,  46,  Linooln's-inn- 
fields,  London.    (Complete  specification.) 

9786.  An  improrement  on  Otoetrio  ineandesoent  lighting* 
called  "The  non-oonsnming  glow  light  filament. "  Lonis 
H^ndU  and  Edward  Sohuberth,  12,  Phoebe-terraoe,  Peven- 
sey-road.  Forest  Gate. 

9796.  Improvements  in  and  relating  to  Oleetrie  oirenit  eontrol- 
ling  apparatus.  Edward  Rathven  Gill,  junior,  77,  Chan- 
cery-lane, London.    (Complete  specification.) 

9797.  Improvements  in  and  relating  to  eleetrie  meehanleal 
eomhlnatlen   looks    and   amgnetle   power   oqnaliaers. 

William  Walter  Alexander,  77,  Chancery-lane,    London. 
(Complete  specification.) 

9814.  Improvements  in  apparatos  ftr  OleetrlesXIy  firing  guns. 

Richard  Morris,  28,  Southampton-buildings,  London. 

9820.  Improvements  relating  toelootrlo  aro  lamps.  John  Kent, 
166,  Fleet-street,  London. 

June  25. 

9840.  Improvements  in  astatie  galvanometers.  Robert  Drys- 
dale  and  Henry  Burman  Lowe,  7,  Cherry-street,  Birming- 
ham. 

9857.  Improvements  relating  to  welding,  soldering,  hrasing* 
and  otherwise  working  metals  hy  elootrioity,  and  to  ap- 
paratus therefor.  Mark  Wesley  Dewey,  45,  Southampton- 
buildings,  London.    (Complete  specification.) 

9861.  Improvements  in  eleotrioal  storage  hatteries.  Alfred 
Julius  Boult,  323,  High  Holbom,  London.  (Donate  Tom- 
masi  and  Charles  Therye,  France.) 

9887.  Improvements  in  eleetrleol  eontrolling  apiMuratns  for  use 
in  oonnootion  with  torpedoes.  Sim^n  de  Kojine,  45, 
Southampton-buildings,  London, 


Jt7Nx26. 

9888.  ImprovoBMBtsinoonnoettonwithOleotrletfhipo,MnBsde. 
side,  and  indiaator  lamps.  Thomas  William  Watson  and 
Arthur  Henry  Watson,  4,  PaU  Mall,  London. 

9904.  Improvements  in  armatures  for  eleolrieal  appantna 
sooh  as  dynamos,  motors,  and  transformers.  Willism 
Henry  Clarke,  46,  Linooln*s-inn-fields,  London. 

9917.  An  improved  eleotrioal  eironit  eloser.  Alexander  Mel- 
ville Clark,  53.  Chanoery-lane,  London.  (R.  O,  G.  Dnun- 
mond,  South  Africa.) 

9982.  iBvrovements  in  eloetrleaay.oontrolled  Inhrisatess  and 
oil  oops.  Henry  Harris  Lake,  45,  Southampton-buUdings, 
London.  (Thomas  Joseph  MoTighe,  United  States.)  {Cfm- 
plete  specificatioD.) 

9937.  Itafeing  lead  pipe  or  eovering  iwsnlated  eieotrieal  eon- 
dnoters  with  lead  Sheaths.  Lewis  Wood  Tracrf  snd 
James  Elnathan  Granniss,  24,  Southampton-buUdings, 
London. 

JmrsST. 

9956.  UaprovosMBts  in  heating  by  eloetrioity.  Rankin  Ken- 
nedy, 10,  India-street,  Kilmarnock. 

9991.  Improvements  in  or  oonneoted  with  the  mannfootore  off 
iron  hy  Oleotredysls.  Thomas  Parker,  47,  linooln's-inn- 
fields,  London. 

Juki  21. 

10010.  An  eleedrleal  turnover  time  glass.    William  Parnall, 

108,  Victoria-stieet,  Bristol 
10025.  Improvemoals  in  Oloetrie  safoty  ftises.    William  Morris 

Moidey,  46,  Lincoln's-inn-fields,  London. 
10038.  Improvements  in  the  eieotrOlytio  treatment  of  metals. 

Alexander  Watt,  81,  Ferolea-road,  Balham. 
10044.  ImprovoBMBts  in  prisuury  hattortes  and  in  apparatos 

oonneoted  therewith.     Sir  Charles  Stewart  Forbes,  21, 

Finsbury-pavement,  London. 

JUNB  90. 

10064.  UnprovesMBts  in  eleetrto  light  flttings.  Thomas 
Gardiner  Marsh  and  Gtoorge  Thomas  Barlow,  Lytham, 
Thanes. 

10076.  Improved  salMy  oonnootlens  or  ooapMngs  t&r  Eleetrie 
eondnotors.  Robert  Howe  Gould  and  Theodor  Gotteohalk, 
8,  Quality-court,  London.    (Complete  specification.) 

10090.  Improvements  in  dynamo  and  deetrio  motor  maehlnery. 

James  Alfred  Briggs,  30,   Dewhtirst-road,  Hammersmith, 
London. 

10100.  improvements  in  and  relating  to  etoetrieal  indieatora. 

Arthur  Millward  Fhick,  26,  Hartham-road,  West  HoUoway, 
London. 

10122.  Improvements  in  and  rOlating  to  ii^^*i»g  apparatus  for 
use  on  deetrio  railways.  Mark  Wesley  Dewey,  45, 
Southampton-buildings,  London. 

10123.  improvements  rOladng  to  welding,  solderlsg.  a&d 
otherwise  working  metals  hy  Oleetrietty.  Mark  Wesley 
Dewey,  45,  Southampton-buildings,  London.  (Date  applied 
for  under  Patents  Act,  1883,  Section  108,  11th  December, 
1889,  being  date  of  application  in  United  States.)  (Com- 
plete specification.) 

10124.  Improvements  in  eleetrie  heating  apparatus.  Mark 
Wesley  Dewey,  45,  Southampton-buildings,  London.  (Com- 
plete  specification.) 


tMVA% 


SPECinOATIONS  PUBLIi 

1889. 
10878.  Beetrie  telephones.    Morison.     lid. 
10940.  Beetrte  eooplings.    HolHns.    8d. 
12444.  Telephone  systems.    Smith.    8d. 
14656.  Xleetno  glow  lamps.    Bernstein.    6d. 

1890. 

4087.  Beoendary  voitaie  batteries.    Cheswright.    6d. 
5335.  Beetrieal  ooBdneters.    Lake  (Stetson).    8d. 
5343.  Telpherage  systems.    Lake  (Maynadier).    8d, 
6811.  Telephones.    Vogel  and  Calkins.    6d. 
6893.  Ineandesoent  light.    Von  der  Poppenburg.    4d. 


COMPANIES'  STOCK  AND  SHARK  LIST. 
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NOTEa 


Bfagnetlto. — ^A  ducoyery  of  a  lai^  deposit  of  mag- 
netite of  fine  quality  has  been  made  on  the  Antler  river, 
aboat  100  miles  northwest  of  Port  Arthur,  n.S.A.  The 
ore  is  being  treated  with  a  magnetic  separator. 

Thomson-Hoiiatoii  Tramways.— The  West  End 
Company,  of  Boston,  U.S.,  still  continue  to  increase  their 
electric  lines,  and  are  now  lajring  new  rails.  Current  is 
being  regularly  supplied  from  Uie  Edison  electric  station. 

Duty  oa  BlMtrlatty.— The  Treasury  of  the  United 
States  have  decided  upon  the  question  raised  with  reference 
to  the  transmission  of  electric  force  across  the  Niagara  to 
Canada,  that  electricity  does  not  rank  among  dutiable  goods. 

fifty  Per  Cent.  Increase.— The  street  railways  of 
Milwaukee  have  abandoned  the  "bobtail  car"  with  one 
conductor  for  handsome  electric  cars  with  a  driver  and  con- 
ductor, and  the  receipts  have  already  increased  50  percent. 

Deetrle  Mining. — ^The  application  of  electricity  to 
mining  operations  is  becoming  such  an  important  industry, 
that  the  Thomson-Houston  Company  are  erecting  a  special 
building  at  Lynn,  Massachusetts,  for  the  manufacture  of 
the  apparatus. 

Sastlngs. — Compliance  with  the  standing  orders  of 
Parliament  was  proved  last  Friday  in  the  case  of  the  Elec- 
tric Lighting  Provisional  Orders  (No.  10)  Bill,  which  con* 
firms  a  provisional  order  of  the  Local  Government  Board 
empowering  the  Corporation  of  Hastings  to  light  the  town 
by  electricity. 

Popp  System  in  Paris. — ^H.  Victor  Popp  is  applying 
for  three  concessions  in  Paris ;  one  for  the  laying  of  electric 
light  mains  in  the  Place  de  la  Bastille,  a  second  for  the 
Bue  Feydeau,  and  the  third  for  the  right  to  run  charging 
cables  over  or  under  the  municipal  conduits  or  along  the 
pavement  of  the  streets. 

Xleetrleal  Aetlwity«— Some  idea  may  be  gathered  of 
the  activity  prevailing  in  electrical  ouoles  in  the  West  of 
America  from  the  fact  that  a  Chicago  firm,  just  started, 
secured  in  the  first  week  of  its  organisation  contracts  for 
over  2,600  h.p.  in  engines  for  electric  light  divided  amongst 
several  central  stations. 

New  Tnsnlating  Componnd. — ^A  new  insulating 
material  has  just  been  invented,  which  consists  of  a  cover- 
ing of  cotton  and  spun  glass,  jacketed  with  woven  cotton 
dipped  in  paraffin.  The  material  is  said  to  be  practically 
indestructible,  and  certainly  it  has  every  appearance  of 
proving  a  good  and  enduring  insulator. 

Xleotrlo  LeoemetlTe. — ^During  the  experiments  with 
navigable  balloons  at  the  military  works  at  Meudon,  says  a 
Dakiel's  message,  a  trial  was  made  of  a  locomotive  engine, 
70  Lp.,  weighing  only  half  a  ton,  and  occupying  a  very 
small  space.  The  motive  power  is  electricity,  and  will 
work  for  10  hours.    The  inventor  is  a  M.  Bernard. 

Belflsst. — ^The  Belfast  Harbour  CommissionerB  having 
got  a  definite  undertaking  from  the  Board  of  Trade  to 
insert  in  the  Belfast  Electric  Lighting  Provisional  Order, 
1890,  the  protective  clause  which  they  required,  the  Com- 
missioners have  withdrawn  the  petition  which  they  pre- 
sented to  Parliament  against  the  Bill  confirming  the  said 
order. 

Wlaohester.— The  Corporation  of  Winchester  recentiy 
discarded  gas  and  took  to  oil  on  account  of  the  exorbitant 


demands  of  the  gas  company.  They  are  not  conteot  with 
their  substitute,  and  have  appointed  a  eommitlae  and  tendera 
will  be  invited  for  the  supply  of  electric  light.  Xncindea- 
cent  lamps  of  20  c.p.  appear  to  be  the  standard  favoured 
for  the  public  lighting. 

Deetrlfli^  at  Work«— There  are  now  in  use  in  the 
United  States  more  than  6,650  central  electric  stations  for 
light  and  power.  There  are  210,000  arc  lights,  and 
2,600,000  incandescent  lamps.  There  were  69  electrical 
railways  in  operation  in  March  last^  and  86  roads  in  pro- 
cess of  construction.  The  increase  of  capital  in  electrical 
investments  during  1888  was  nearly  70,000,000dols. 

Nettingham  University  Cellege.— At  a  meeting  of 
the  college  committee  of  management,  held  at  Notting- 
ham on  the  Int  inst,  Mr.  William  Bobinson,  M.K,  senior 
demonstrator  in  electrical  engineering  and  applied  phjrsics, 
and  chief  assistant  to  the  principal  of  the  City  and  Guilds 
of  London  Technical  College,  Finsbury,  was  unanimously 
elected  professor  of  engineering  at  the  Univernty  College, 
Nottingham. 

Honff  Konff. — ^The  first  ordinary  meeting  of  the  share- 
holders  of  the  Hong  Kong  Electric  Company,  Limited,  was 
held  at  the  Hong  Kong  Hotel  on  the  24th  May.  Mr.  H. 
L.  Dalrymple  presided,  supported  by  W.  H.  Wickham 
(manager)  and  C.  F.  Harton  (secretary)b  The  chairman, 
after  moving  the  report,  said  that  they  hoped  that  in  about 
four  months  they  would  be  in  a  position  to  start  the  light- 
ing of  the  area  at  present  arranged  for  with  the  Government. 

Seeteh  Bills. — ^In  the  House  of  Lords  on  Tuesday, 
on  the  motion  of  Lord  Balfour  of  Burleigh,  the  sessional 
order  against  a  provisional  order  Bill  originating  in  that 
House  being  read  a  first  time  after  the  16th  of  May,  was 
dispensed  with  in  respect  of  a  Bill  to  confirm  certain  pro- 
visional orders  made  by  the  Board  of  Trade  under  the 
Electric  Lighting  Acts  1882  and  1883,  relating  to  Aberdeen, 
Dundee,  Kelvinside,  and  Moss«ide  and  Stretford  ;  and  the 
Bill  was  brought  in  and  read  a  first  time. 

Aeonmnlater  Tenders. — ^We  notice  that  M.  Paul 
Gadot  is  advocating  the  use  of  auxiliary  cars  for  street 
tramways  to  go  in  front  of  the  cars  and  carry  the  accumu- 
lators, the  motor  being  on  the  tramcar  itself.  As  this 
method  was  first  devised  by  Mr.  Sandwell,  of  Victor  Works, 
HoUoway,  and  described  and  illustrated  in  this  journal  on 
May  17tii,  1889,  it  will  be  interesting  to  hear  what  this 
ktter  gentieman  has  now  to  tell  us  upon  the  present  position 
of  this  method  of  using  accumulators  for  tramway  work. 

Beenemy  ef  Xleotrlo  Power.— In  a  certain  buildii^ 
devoted  to  small  manu&cturing  interests  in  Bridgeport^ 
Connecticut^  a  120  h.p.  steam-engine  was  used  to  generate 
power.  This  power  was  delivered  in  such  smaU  units  and 
through  such  a  multiplicity  ef  shafting,  that  the  engine 
indicated  60  h.p.  when  not  a  ma^shine  in  the  building  was 
in  operation,  the  engine  simfdy  turning  the  shafting.  An 
electric  supply  company  heard  of  this  and  at  once  proceeded 
to  sell  the  proprietor  of  the  building  60  electric  h.p.,  to  do 
the  work  formerly  done  by  the  120  h.p.  engine — a  clear 
saving  of  60  per  cent.    Great  is  the  economy  of  electricity. 

Sleotrle  U^ht  FIttlnflr* — ^We  have  received  from 
Messrs.  Crosby,  Lockwood,  and  Co.  a  copy  of  a  new  work 
on  "Electric  Light  Fitting,  a  Handbook  for  Working 
Electrical  Engineers^"  with  practical  notes  on  installation 
management^  by  John  W.  Urquhart  The  work  deals 
with  practical  details  of  central  station  work,  localising 
faults,  treatment  of  accumulators,  switchboard,  and  testing 
wwk,  wiring  for  arc  light  an4  iqoaodespent  lights  lig^'' 
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understands  that  the  coast  is  clear,  and  turns  on  his  current 
without  fear  of  accident  to  any  of  the  linemen.  This  system 
may  be  worthy  of  imitation  in  Engknd  in  stations  using 
high-tension  currents  when  much  manipulation  of  the  lines, 
connections,  or  switches  is  necessary. 

Power  in  Paris. — M.  Michel  Levy,  in  a  report  upon 
the  question  of  the  regulation  of  electric  works  in  Paris, 
gi?e8  the  following  figures,  showing  the  amount  of  power 
used  in  these  stations.  The  total  force  in  actual  working 
at  the  present  time  is  over  10,000  h.p.,  representing  one- 
sixth  of  the  total  motive  force  used  in  the  department  of 
Seine.  Under  the  heading  of  public  central  electric  light 
stations,  it  appears  there  are  12  stations,  producing  5,000 
h.p.,  consuming  12,500  tons  of  coal  annually.  Of  these, 
10  comprise  stations  of  more  than  100  h.p.  Under  the 
head  of  electric  installations  supplying  separate  or  private 
buildings,  there  are  24  stations,  producing  5,000  h.p.,  con- 
suming 12,500  tons.  Of  these,  19  producing  more  than 
100  h.p.  each.  Besides  these  there  are  the  stations  for  the 
supply  of  {X)wer,  of  which  there  are  10,  producing  3,500 
h.p.,  consuming  9,500  tons  a  year.  The  stations  producing 
more  than  100  h.p.  each  are  proposed  to  be  classed  as  un- 
healthy, inconvenient,  and  dangerous,  on  account  of  the  in- 
convenience experienced  from  smoke,  noise,  and  vibration. 

WeymersoliBatteryat  Covent  Oarden. — ^Through 
the  invitation  of  the  Weymersch  Battery  Company  we  were 
enabled,  last  week,  to  inspect  and  examine  the  effect  of  their 
battery  in  actual  work  in  a  promising  installation.  The  bat- 
tery has  been  placed  in  the  "  foyer  "  or  smoke-room  of  the 
Covent  Garden  Theatre  during  the  run  of  Mr.  Augustus 
Harris's  Italian  opera  season.  The  room,  which  is  taste- 
fully decorated  with  exotic  plants,  is  lighted  by  two 
electroliers  carrying  12  lamps  each  and  several  brackets 
and  ornamental  standards.  Some  40  lamps  in  all,  of 
8  cp.  and  50  volts,  are  kept  lighted,  and  burn  with 
a  steady  and  brilliant  light  The  supply  is  obtained  direct 
from  a  set  of  16  Weymersch  batteries,  of  six  cells  each. 
These  are  charged  every  other  day  by  a  lad  taking  about 
20  minutes  or  half  an  hour  to  charge  by  means  of  the 
arrangement  of  casks  and  pipes,  which  is  part  of  the  system. 
Particulars  of  the  consumption  of  the  battery  were  recently 
giren  in  a  series  of  careful  tests.  The  installation  is 
evidently  successful,  and  will  no  doubt  result  in  enquiries 
for  similar  cases  where  a  battery  may  be  found  useful 

Blathy  Alternate-Current  Meter« — ^Messrs.  Ganz 
and  Co.,  of  Buda-Pesth,  are  now  manufacturing  the  alternate- 
current  meter  designed  by  Mr.  Blathy,  lately  tested  by  the 
international  committee  of  experts  at  Franldort  in  Novem- 
ber last.  The  meter  is  formed  of  a  disc  of  copper  mounted 
upon  a  vertical  axis  capable  of  being  rotated  around  this 
axis,  and  passing  between  the  curved  armatures  of  two 
electromagnets.  These,  placed  at  an  angle  of  90deg.  to  each 
other,  are  mounted  one  in  series  and  the  other  in  shunt  to 
the  main  circuit.  From  this  arrangement  the  copper  disc 
is  submitted  to  the  simultaneous  action  of  two  fields  of 
force,  reciprocally  proportional  to  the  strength  of  the  main 
current  and  the  difference  of  potential  at  the  terminals. 
The  Teaction  of  the  electromagnets  upon  the  disc  gives  rise 
to  induced  currents  on  the  mass  of  copper  and  puts  it  into 
movement ;  but  the  rotation  of  the  disc  produces  currents 
in  the  opposite  direction  to  the  first,  which  oppose  the  move- 
ment. These  act  as  speed  regulators,  and  allow  the  ap- 
pu^tus  to  rotate  at  a  speed  proportional  to  the  amounts  to 
be  measured.  A  train  of  gear,  put  in  motion  by  the  rota- 
tion axle,  shows,  by  a  simple  reading,  the  total  quantity  of 

energy  consumed.    The  Blathy  meter  starts  with  a  QUrren^ 


of  '26  ampere,  and  the  readings  are  correct  to  within  3  par 
cent. 

Uffhthenae  Are  Liunps. — ^Alluding  to  the  loss  of 
light  from  electric  lamps  in  a  fog  as  compared  with  the 
yellow  gas  lights  it  is  suggested  that  the  loss  is  owing  to  the 
blueness  of  the  fog  or  mist ;  the  electric  light  merely  inten- 
sifying the  blueness,  while  the  gas  still  pierces  the  gloom. 
If  the  blue  electric  light  were  changed  from  blue  to  yellow 
before  leaving  the  lighthouse,  or,  better,  make  the  electrie 
light  one  to  be  varied  in  colour  at  will,  or  according  to  the 
state  of  the  atmosphere,  then,  even  though  several  thousands 
of  candle-power  were  absorbed,  the  light  would  be  seen  at 
a  much  greater  distance  even  than  the  gas  in  a  foggy  night 
It  is  suggested  that  the  inauguration  of  a  series  of  tests  and 
experiments  with  different  lights,  surrounded  by  diffisrent 
coloured  transparent  films,  and  under  the  various  condi- 
tions of  the  atmosphere,  should  lead  to  useful  results. 
We  think  the  attention  of  lighthouse  authorities  ought  to 
be  called  to  the  gready-increased  lighting  power,  and  this 
of  a  yellower  character,  experimentally  obtained  by  the 
introduction  of  hydrocarbon  vapour  in  the  arc  by  the 
use  of  the  Saunderson  arc  lamp  carbons  recenUy  described, 
and  we  should  be  glad  to  hear  if  any  tests  have  been 
made  with  these  carbons  for  lighthouse  purposes,  and  the 
results. 

Metropelltaa  Statiens, — In  various  parts  of  London 
may  now  be  seen  large,  tall,  and  white  chimneys  standing 
up  above  the  surrounding  roofs,  from  which  whiflb  of  white 
steam  are  gently  rising.  These  are  the  chimneys  of  the 
Metropolitan  Electric  Supply  Company's  central  stations, 
of  which  there  are  now  three  actually  working — ^in  Sardinia- 
street,  in  Bathbone-place,  and  in  South-mews,  Manchester- 
square.  The  first  we  have  already  alluded  to,  and  it  has  been 
working  for  some  time.  The  second,  that  in  ttathbohe- 
place,  is  being  rapidly  transformed  into  a  similar  station 
to  the  other,  fitted  with  Willans  engines  and  Lowrie- 
Parker  altemate-cuiTent  dynamos,  part  of  which  are  work- 
ing. The  third,  in  Manchester-square,  is  just  started 
partially.  The  workmen  are  still  hard  at  work  hying 
foundations,  erecting  dynamos  and  engines^  and  fitting 
switchboards.  Four  out  of  the  10  sets  of  engines  and 
dynamos  are  now  in  working  order,  and  two  of  them  are 
regularly  supplying  some  1,500  lamps.  The  engine  and 
dynamos  are  similar  to  those  at  Batlibone-place — ^Lowrie- 
Parker  djmamos,  coupled  direct  to  Willans  engines.  The 
station  at  Manchester-square  is  a  separate  complete  build- 
ing, and  will  be  in  full  working  order  before  long.  The 
dynamos  are  made  at  the  Electric  Construction  Works  at 
Wolverhampton. 

■leetrio  WMdng. — Experiments  recently  made  by  the 
Liverpool  marine  biologists  in  the  application  of  electric 
light  to  sea-fishing,  have  attracted  considerable  notice 
amongst  the  industry.  The  progress  they  have  made  has 
been  highly  encouraging.  Some  time  ago  they  discovered 
that  "  if  an  electric  light  were  lowered  into  the  sea  inside  a 
tow  net  they  secured  more  living  things  than  they  would 
have  done  without  the  light"  But,  although  the  bearing  of 
this  discovery  upon  the  fishing  industries  is  palpable  enough, 
the  biologists  were  not  content^  and  they  have  just  tried  a 
new  plan.  In  a  quiet  Carnarvon  bay  they  employed  the 
dynamo  of  the  salvage  steamer  "  Hyoena,"  but  instead  of 
putting  the  light  in  the  net  "they  lowered  the  marine 
lamp  into  the  water,"  and,  with  small  nets,  scooped  in  the 
fish  and  Crustacea  which  were  attracted  to  the  illuminated 
place.  Ihe  experimenters  are  convinced — ^to  use  their  own 
wor4s— that "  the  ^l^tric  light  \m  »  hurge  future  before 


24 


THE  ELECTRICAL  ENGINEER,  JULY  11,  1890. 


it  in  the  fishing  tnde,"  and  there  ib  no  doubt  the  idea 
contains  within  itself  great  possibilities.  At  present 
miles  of  lines  and  netting,  costing  hundreds  of  pounds,  are 
employed,  but  in  the  near  future  each  boat  may  require 
only  a  set  of  simple  electric  lamps,  with  a  few  hand  nets. 
The  hanrest  of  the  sea  will  then  be  reaped  with  less  expense, 
trouble,  and  danger,  and  consequently  with  more  profit  to 
the  fishermen. 

■psrtolB  ProoesB  fur  Aoonmvlator  Plates. — ^A 

method  of  manufacture  of  accumulator  plates,  described 
by  M.  Epstein,  has  the  adyantage  of  reducing  the  time  of 
treatment  without  afl^ecting  the  solidity  of  the  plates.  Lead 
plates  are  immersed  in  a  vessel  containing  water  acidulated 
with  one  hundredth  part  of  nitric  add.  The  water  is  kept 
in  ebullition  until  the  plates  are  covered  with  a  dark  grey 
coating,  when  they  are  withdrawn,  and  allowed  to  dry. 
They  then  present  a  yellow-grey  tint,  due  to  a  lead 
compound,  very  adhesive  and  insoluble  in  acidulated  water, 
at  the  same  time  inci^Mble  of  absorbing  gases.  This  first 
operation  completed,  the  positive  and  negative  plates  are 
formed.  Into  water  acidulated  with  sulphuric  add  as  com- 
monly used  are  plunged  two  groups  of  phites,  con- 
nected respectively  to  the  terminsls  of  iihe  dynamo, 
and  the  current  is  passed  until  a  disengagement 
of  gas  is  produced  at  the  electrodes.  The  hydrogen 
coming  from  the  podtives  reduces  the  red  coating  of  the 
negatives  to  spongy  lead ;  an  abundant  disengagement  of 
hydrogen  around  tiie  negatives  shows  the  end  of  the  opera- 
tion, nxA  the  colour  of  the  podtives  should  pass  from  a 
reddish-brown  to  a  greyish-blue.  The  plates  are  then 
formed  and  rea^y  for  use.  A  few  hours  is  sufficient  to 
form  a  douUe  set  of  plates,  and  it  is  not  necessary  to 
reverse  the  current  several  times,  as  in  the  usual  method  of 
forming  accumulator  plates. 

An  Installation  In  Nine  Hours. — In  spite  of  all  the 
inconvenience  and  lamentable  incidents  caused  last  week 
by  the  unfortunate  gas  strike  at  Leeds,  it  has  at  least  done 
one  good  thing ;  it  has  provided  an  opportunity  for  at  last 
testing  the  relative  merits  of  its  opponent,  electricity,  and 
has  put  the  latter  in  the  podtion  to  whidi  it  is  entitied. 
The  town  was  in  darkness,  and  it  was  with  the  greatest 
difficulty  some  of  tiie  newspapers  could  be  published  at  all. 
Mr.  Wilson  Hartnell,  of  Volt  Works,  Leeds,  volunteered 
the  services  of  an  efficient  staff  to  assist  the  Yorkshire 
Pod  out  of  the  dilemma,  and  the  management  at  once 
accepted  the  offer.  Work  was  begun  within  a  few  minutes 
of  one  o'dock  p.m.,  excavations  were  at  once  commenced 
in  the  basement  to  provide  room  for  driving  pulley  and 
necessary  foundations  for  dynamo,  countershaft  and  pulleys 
had  to  be  specially  turned  and  bored  respectivdy  for  neces- 
sary bdts,  and  at  10.60  p.m.  the  dynamo  started  running 
with  40  lamps  of  50  c.p.  and  20  lamps  of  16  c.p. 
in  the  composing-room,  and  six  100  c.p.  in  machine-room, 
the  wiring  for  which  was  completed,  and  each  lamp  pro- 
vided with  suitable  shade,  in  the  short  space  of  5^  hours. 
The  employ^  expressed  their  utter  amazement,  coupled 
with  extreme  satisfaction,  at  such  a  sudden  transformation 
from  the  miserable  wax  candles  to  the  electric  light.  It  is 
certainly  an  instance  of  smart  work,  upon  which  Mr. 
Hartnell  is  to  be  congratulated. 

Xlootrloal  Units.— We  have  received  from  the  pub- 
lishers of  the  WesUm  Ekeiricicm,  Chicago,  a  copy  of  the 
**  Derivation  of  Practical  Electrical  Units,''  by  Lieut.  F.  fi. 
Badt  and  Prof.  H.  S.  Cathcart,  with  12  illustrations  (75c.). 
The  book  first  appeared  as  a  series  of  articles  in  the  above 
publication,  and  attracted  a  considerable  amount  of  interest 


and  appreciation  in  that  form.  These  articles  are  now  re- 
printed,  bound  in  a  handsome  littie  volume,  useful,  and 
exceedingly  interesting  for  reference.  The  idea  of  the 
work  is  a  good  one.  The  names  of  the  electrical  units  are 
practically  all  taken  from  its  pioneer  workersdistinguished  in 
electrical  science.  To  takethe  renowned  men  whose  names  are 
rendered  more  familiar  by  frequent  use  in  actual  work, 
to  write  their  biographies  in  a  simple  straightforward  style, 
and  accompany  them  with  large  portraits  cut  from  the  best 
and  most  correct  sources,  has  been  the  aim  of  the  authors, 
and  they  have  carried  out  this  idea  in  a  delightful  and  ser- 
viceable manner.  The  relation  of  the  units  to  each  other 
is  explained  and  r^umed  in  a  table.  Portraits  of  Weber, 
Oauss,  Ampere,  Coulomb,  Yolta,  Ohm,  Faraday,  Watt^ 
Joule,  Dr.  Werner  von  Siemens,  Sir  William  Siemens, 
Daniell,  and  Jacobi  are  given.  Prof.  Oathcart  adds  a 
chapter  upon  the  modifications  of  the  practical  electrical 
units,  due  principally  to  the  variations  of  the  unit  of  resist- 
ance, both  as  le^irds  the  volt  and  the  numeric  of  a  capacity, 
to  explain  what  is  often  a  source  of  perplexity  to  workers 
in  the  electrical  field. 

Bromloy. — ^Messrs.  Laing,  Wharton,  and  Down  have 
given  notice  to  the  Bromley  Local  Board  of  intended  appli- 
cation to  Parliament  for  a  provisional  order,  under  the 
Electric  Lighting  Aet^  and  Mr.  H.  J.  Lansbury,  secretary 
to  the  local  dectrical  syndicate,  has  informed  the  Board 
that  the  company  propose  a  nominal  capital  of  £10,000, 
and  purpose  both  public  and  domestic  lighting,  under  a 
contract  with  Messrs.  Laing,  Wharton,  and  Down.  Mr. 
Lansbury  maps  out  an  experimental  area  for  public  light- 
ing in  which  the  syndicate  would  maintain  50  arc  lamps  at 
£22.  17s.  per  annum  each.  It  is  also  stated  that  imme- 
diatdy  the  syndicate  is  in  full  working  order,  it  will 
go  before  the  ratepayers  of  Bromley  and  Beckenham 
for  an  additional  capital  of  £15,000,  and  apply  for  a 
further  providonal  order  extending  the  area.  The  present 
time  is  favourable,  as  the  gas  company  have  both  raised  the 
price  of  gas  3d.  per  1,000,  and  also  created  considerable 
feeling  against  them  by  withdrawing  a  concesdon  to  their 
men  made  in  November  on  the  occasion  of  a  strike.  The 
Local  Board  have  not  as  yet  given  public  discussion  to  the 
application,  but  considering  their  quarrel  with  the  gas  com- 
pany some  time  ago,  which  led  to  partial  oil  lighting,  the 
advent  of  a  new  lighting  syndicate  should  be  favourably 
and  helpfully  received  by  the  authority,  if  only  on  the 
ground  of  a  healthy  competition  likely  to  keep  the  price 
within  a  fair  and  reasonable  limit,  as  well  as  ensuring  an 
efficient  public  light,  which  has  not  always  been  the  case  in 
the  past. 

Largost  Bollor  in  tho  World. — ^At  the  electric  light- 
ing station  on  West  Twenty-fourth-street,  New  York,  what 
is  described  as  the  largest  boiler  in  the  world  was  tested  a 
week  or  two  ago.  It  is  encased  in  a  vertical  shell  fin.  thick, 
and  gives  an  assurance  of  10  under  a  working  pressure  of 
2001b.  The  tubes  number  600,  and  are  3in.  in  diameter. 
Their  length,  if  stretched  out,  would  reach  7,200fL,  or 
almost  1^  miles.  They  are  twisted  and  penetrate  the  cylin- 
der l^ft  higher  than  the  level  from  which  they  start. 
There  is  also  an  inner  cylinder,  which  runs  a  short 
distance  below  the  normal  water  level.  It  is  open 
at  the  upper  end,  and  short  tubes  lead  it  to  the  lower 
ends  of  the  twisted  tubes,  into  which  they  fit  loosely.  The 
feed  water  goes  into  the  inner  cylinder,  and  thence  goes  to 
the  twisted  tubes.  In  these,  rapid  circulation  is  obtained, 
because  of  its  upward  tendency  and  the  fierce  heat  sur- 
rounding the  tubes,    The  discharge  of  water  and  s^      ^^^ 
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goes  into  the  space  between  the  inner  and  outward 
cylinders.  The  rapid  circulation  is  downward  in  the 
inner  cylinder  and  upward  in  the  intermediate  space. 
The  heating  surface  evaporates  with  a  rate  of 
1251b.  of  coal  per  square  foot  of  grate  per  hour, 
61b.  of  water  per  square  ioot  of  heating  surface  per 
hour  requiring  only  five  square  feet  of  heating  surface  per 
horse-power,  on  a  basis  of  301b.  of  water  per  horse-power 
and  per  hour.  The  whole  boiler  contains  6,000  square  feet 
of  heating  surface,  and  is  of  1,000  h.p.  One  hundred  square 
feet  is  the  area  of  the  grate  surface,  being  in  the  ratio  of 
60  for  heating  to  one  of  grate  surface,  thus  reducing 
escaping  gases  to  the  lowest  practical  temperature.  Another 
of  these  boilers  ia  now  in  course  of  construction. 

Hoaseholders  ojid  the  Eleotrio  Mains. — Supply 
companies  must  mind  their  P's  and  Q's  with  respect  to  the 
derangement  of  household  economy  incidental  to  the 
npheaval  of  streets  and  pavements.  It  would  be  a  great 
pity  if  the  public  were  brought  to  the  idea  the  electric 
light  companies  were  dilatory  and  inconsiderate  of  private 
feelings  when  laying  their  mains,  or  that  arrangements  were 
not  being  made  for  the  keeping  of  a  sufficient  thoroughfare 
for  passengers  through  the  want  of  a  few  boards  when  the 
underground  conduits  are  being  made.  A  contrast  to  the 
action  of  the  gas  companies  to  the  detriment  of  the  electric 
light  would  be  pitiable,  and  is,  no  doubt,  quite  avoidable. 
The  subject  was  brought  up  by  Mr.  F.  G.  Burnand,  in  a 
characteristic  letter  to  the  Times  last  week,  complaining  of 
the  derangement  of  his  footway,  on  the  eve  of  a  party,  by 
the  Kensington  and  Knightsbridge  Electric  Company,  and 
some  good-humoured  banter  was  indulged  in  to  put  the 
company  on  their  good  behaviour  in  the  future.  In  this 
week's  Punch  he  continues  the  onslaught  through  one  of  his 
cartoonists^  who  draws  an  awful  picture  of  streets  in  a  state 
of  upheaval,  pipes,  coils  of  wire,  and  pickaxes  lying  about 
in  chaos,  with  two  or  three  villainous-looking  navvies  (they 
certainly  can't  be  electrical  wiremen — we  know  these  are 
all  a  highly  respectable  and  intelligent  race  of  men)  up  to 
their  waists  in  the  troughs.  The  sketch  is  headed  "  Such 
an  unexpected  pleasure.''  The  picture  is  to  illustrate  "  The 
great  advantage  of  bringing  the  electric  light '  to  your  very 
doors,'  without  any  previous  notice,  on  the  identical  day 
when  you  are  going  to  give  a  party,  and  your  friends  won't 
be  able  to  get  within  some  yards  of  your  house.  And  then, 
so  nice  for  the  ladies  if  it  rains."  A  word  to  the  wise, 
especially  if  illustrated  with  a  cartoon,  should  be  enough. 

Cable  ▼.  Eleotrlolty. — ^A  decision  has  been  made 
with  reference  to  the  tramways,  or,  as  they  are  termed, 
street  railroads,  in  America,  which  it  is  thought  will  have  a 
yet  still  more  encouraging  effect  upon  electrical  traction 
than  even  at  present.  This  has  been  given  in  the  case  of 
the  Third  Avenue  line,  and  lays  down  the  ruling  that  the 
company  can,  by  application  to  the  Bailroad  Commissioners, 
employ  electricity  on  its  line  in  lieu  of  any  of  the  methods 
specially  mentioned  in  its  charter,  or  in  any  other  way  take 
advantage  of  the  opportunity  of  the  progress  of  science. 
In  commenting  upon  this,  the  Electrical  World  urges  upon 
them  the  necessity  of  carefully  weighing  the  advantages  of 
electricity  as  against  cable  traction,  which  it  would  seem 
there  ia  a  tendency  to  adopt,  and  lays  stress  on  some  im- 
portant points  of  advantage  for  the  electrical  method. 
Says  our  contemporary  :  *'  There  is  no  doubt  of  the  great 
usefulneas  of  the  cable  as  a  factor  in  rapid  transit,  but  it  is 
open  to  objections  which  we  think  are  serious  enough  to 
constitute  formidable  difficulties  in  the  way  of  its  use  in 
ITew  York.     C|iief  among  these  is  the  inflexibility  of  a 


cable  system  as  regards  speeid,  from  which  results  unques- 
tionable danger  in  crowded  streets.  So  long  as  the  track 
is  clear  cable  cars  proceed  with  admirable  regularity  and 
without  any  special  danger  of  accidents ;  but  when,  as  so 
often  happens,  the  pavements  are  blocked  with  vehicles  of 
all  sorts,  the  use  of  the  cable  becomes  somewhat  perilous. 
It  is  exceedingly  difficult  to  work  through  a  crowded  street 
without  means  of  backing  a  oar  and  without  thoroughly 
successful  arrangements  for  running  at  a  very  much  reduced 
speed.  It  is  in  just  these  particulars  that  electric  traction 
is  advantageous,  inasmuch  as  by  it  it  becomes  possible  to 
start,  stop,  or  reverse  the  car  with  the  greatest  ease  and 
security.  Another  characteristic  disadvantage  of  the  cable 
system  is  its  inability  to  make  up  lost  time.  A  cable  car 
once  delayed  must  stay  delayed,  while  an  electric  car  can 
very  often  make  up  a  considerable  amount  of  lost  time  by 
a  somewhat  increased  speed  in  the  open  portions  of  the 
city.  Again,  if  a  cable  breaks  it  is  useless  through  its 
entire  length,  while  it  is  of  very  rare  occurrence  that  an 
electric  system  is  crippled  in  any  extensive  way.  Hie  use 
of  double  cables  will  to  a  certain  extent  remedy  this  diffi- 
culty, but  this  is  costly  and  inconvenient." 

Elmore's  Copper. — ^An  exhibition  of  the  products  of 
Elmore's  Patent  Copper  Depositing  Company  is  being  held 
at  56,  Queen  Yictoriarstreet  These  products  comprise  a 
vast  variety  of  electro-deposited  copper,  ranging  from 
immense  polished  tubes  of  some  2ft.  diameter,  of  perfect 
circular  section  and  exact  sizes,  through  smaller  tubes, 
rods,  bars,  strips,  to  wire  for  telegraph  use,  down  to  the 
finest^rawn  hair-like  filament^  one  hank  of  which  is  drawn 
through  a  diamond  to  the  extraordinary  length  of  40  miles 
to  the  pound  weight.  It  will  be  remembered  that  the  pro- 
cess is  that  of  depositing  the  copper  direct  upon  a  mandril 
and  burnishing  the  copper  down  as  deposited  into  a  hard 
polished  surface  fit  for  immediate  use.  The  action  crushes 
the  granular  crystals,  and  forms  a  fine  and  hard  tube  when 
drawn  from  the  mandril.  The  tubes  are  used  for  steam 
pipes,  and  for  boiler  tubes,  and  can  be  deposited  upon 
rams,  spindles,  or  propeller  shafts,  or  can  be  drawn 
into  wire  of  long  lengths  and  great  purity.  For  all 
sizes  of  pipes  the  average  breaking  stress  is  25  tons  per 
square  inch  of  sectional  area;  each  tube  as  made  has  a 
length  cut  off  and  tested,  and  the  breaking  stress  as  found 
is  etched  upon  the  tube.  For  copper  wire  the  following 
method  is  adopted  :  The  huge  tube  is  cut  spirally  round 
and  round  into  a  square  strip.  This  is  sent  just  as  it  is  to 
the  wire  mills,  and  is  put  through  the  ordinary  processes  of 
wire-drawing.  The  wire  is  therefore  drawn  without  melting 
direct  from  the  electro-dejlosited  tubes,  and  the  purity,  as 
tested  by  Clark,  Muirhead,  and  Co.,  is  104-48  per  cent., 
over  4  per  cent,  above  that  of  Matthiessen's  standard  of  the 
purest  copper  hitherto  attainable.  In  the  hardest  specimens 
the  breaking  stress  is  29  tons,  and  the  elongation  only  f  per 
cent.  In  the  specimens  produced  to  be  of  the  softest 
quality  the  elongation  is  35  per  cent.  Specimens  were 
shown  of  bands  of  copper  cut  from  the  tube  tied  into  a 
knot  and  drawn  tight  without  sign  of  fracture.  Another 
flat  circlet  from  a  tube  was  shown  bent  inside  out  and 
back  again,  with  one  part  hammered  together  flat,  without 
fracture.  The  tubes  are  deposited  at  the  rate  of  ^in.  thick 
in  144  hours;  this  means,  in  practice^  that  orders  for  any 
size  of  tube  of  this  thickness  in  quantities  up  to  100  tons 
can  be  manufactured  within  the  week.  The  copper  wire 
department  is  in  the  hands  of  a  separate  company,  and  it 
was  stated  that  the  whole  output  up  to  200  tons  a  week  is 
subscribed  for  by  Birmingham  firms  in  the  wire  trade, 
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ELBCTBIC  TBAGnON.* 

BT  A.  DICIOEMSONy  A.M,I.C.S., 

General  Manairar  to  the  South  Staflfordflhire  Tremway  Co.,  and 
Ckmenlting  Engineer  to  the  Birmingham  Central  Tramway  Ca 

I  propose  in  dealing  with  this  subject  to  avoid  as  iar  aa 
possible  technicalities,  and  to  deal  in  a  general  and  popular 
way  with  the  question.  I  think  it  advisable  here  to  refer 
briefly  to  the  present  position  of  tramways. 

In  the  United  Kinraom  there  are  some  1,350  odd  miles 
of  tramway,  to  worK  which  27,060  horses,  539  steam- 
engines,  and  3,645  cars  are  used,  and  Uiere  has  been 
expended  upon  this  and4ts  equipment  over  13^  millions  of 
money,  and  for  the  year  ended  June  30,  1889,  the  surplus, 
after  paying  working  expenses,  amounted  to  some  £713,543, 
equal,  say,  to  a  dividend  of  5j[,  and  when  we  bear  in  mind 
that  in  very  many  instances,  if  due  regard  for  depreciation 
had  been  considered,  this  profit  would  have  been  consider- 
ably reduced.  It  cannot,  therefore,  be  denied  that^  speak- 
ing generally,  the  end  for  which  tramways  were  constructed, 
so  far  as  the  shareholders  are  concerned,  has  not  been  all 
that  could  be  reasonably  desired. 

It  is  no  news  to  tramway  men  to  say  that  the  result  of 
this  somewhat  unsatisfactory  state  of  thin^  is  due  in  a 
great  measure,  if  not  entirely,  to  the  excessive  cost  of  the 
heretofore  known  methods  of  traction,  and  as  regards  steam 
tramways  the  various  companies  are  only  now  ^ginning  to 
feel  its  extreme  costliness,  but  for  the  moment,  apart  from 
the  question  of  cost^  I  know  of  no  system  in  this  country 
that  is  giving  satisfaction  to  all  pjsrties. 

Firstly,  we  have  the  horses,  with  their  enormous  depre- 
ciation, cost  of  feeding  when  not  in  use,  risk  of  epidemic, 
complaints  as  to  cruelty  to  animals,  and,  what  is  most 
serious  to  the  travelling  public,  the  very  slow  rate  of  speed 
at  which  they  travel.  Secondly,  we  have  the  steam-engine, 
with  its  complications  and  the  restrictions  placed  upon  it 
by  the  Boara  of  Trade,  and  the  frequent  complaints  by  the 
public  as  to  the  objectionable  fumes,  smoke,  steam,  and 
excessive  noise.  Thirdly,  we  have  the  cable  system,  with 
its  costly  permanent  way  and  its  liabilitv  to  breakages  and 
other  causes  which  suspend  Uie  whole  of  the  traffic.  Then, 
experimentally  we  have  had  ammoniacal  and  compressed 
air  engines,  which  have  not  proved  even  so  good  as  any  of 
the  brfore-mentioned.  I  therefore  think  that  you  will  agree 
that  most  of  the  objections  raised  to  the  foregoing  systems 
will  be  met  and  overcome  by  some  form  of  electric  pro- 
pulsion. 

As  will  be  known  to  you,  there  are  various  systems  of 
electric  traction — ^there  b  the  overhead  conductor,  the 
underground  conductor,  and  the  accumulator,  or  self-con- 
tained car.  In  eiEush  system  the  various  manufacturers  and 
others  interested  claim  special  advantages  for  their  several 
methods.  These  advantages  and  disadvantages  I  do  not 
now  propose  to  discuss,  but  I  venture  to  believe  that  you 
will  agree  with  me  when  I  say  that  the  overhead  conductor 
seems  the  most  seductive,  and  if  the  prejudices  of  the  various 
local  authorities  could  be  overcome  in  districts  where  the 
streets  are  suitable,  no  doubt  it  would  be  found  to  work 
quite  as  satisfactorily  in  this  country  as  in  America,  where 
tne  streets  seem  specially  adapted,  and  where  a  very  con 
siderable  number  of  cars  are  operated  upon  this  system. 

I  may  here  mention  that  some  10,000  h.p.  is  at  work 
daOy  in  America  generating  electric  current,  which  is 
applied  in  some  form  to  the  driving  of  over  1,0CK)  tramway 
cars.  This,  you  will  agree,  conclusively  proves  that  the 
experimental  stage  has  been  passed;  and  if  we  are  pre- 
cluded by  circumstances  from  using  a  direct-current  system 
we  ought  not  to  stand  still,  because  we  have  the  accumu- 
lator or  self-contained  car,  which  will  not  only  meet  all  our 
requirements,  but  work  more  cheaply  than  either  horse, 
steam  or  cable.  Cars  upon  this  system  have  been  at  work 
for  a  considerable  time  and  have  run  a  large  number  of 
miles  upon  the  North  Metropolitan  tramways,  at  Barking, 
under  contract  at  4^.  per  mile  run,  and  we  are  told  upon 
reliable  authority  that  the  actual  cost  has  been  less  than 
this  sum,  the  contract  yielding  a  small  profit  to  the  Trac- 
tion Company. 

I  find,  taking  three  of  the  largest  hoise  tramways  in  this 
country — viz.,  the  North  Metropolitan,  the  Glasgow,  and 
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the  Liverpool  United  Tramway  Companies — ^that  their 
average  cost  of  haulage,  without  allowance  for  depreciation, 
amounts  to  fully  6^.  per  mile  run;  and  for  the  three 
principal  steam  tramways — viz.,  the  Birmingham  Central, 
the  Manchester,  Bury,  and  Bochdale,  ^nd  the  South 
Staffordshire  Tiumway  Companies — ^the  average  cost  per 
mile  run  amounts  to  5|d. ;  or  strike  an  average  of  the 
whole  of  the  tramways  m  the  United  Kingdom  (steam, 
horse,  and  cable),  and  say  the  total  cost  of  haulage  is  6d. 
per  mile  run,  and  let  the  cost  of  working  the  electric  car 
exceed  by  Id.  per  mile  the  figures  ^ven.  Then,  if  the 
whole  of  tne  tramways  in  the  United  Kingdom  were 
worked  by  the  self-eontained  electric  car,  there  would  be  a 
reduction  of  close  upon  £200,000  per  annum  in  working 
expenses.  Seeing  that  the  self-contained  car  appears  to 
be  the  electric  car  of  the  immediate  future,  we  will  proceed, 
with  your  permission,  to  give  a  few  facts  in  connection 
therewith,  giving  instances  only  which  have  come  under 
our  own  personal  observation. 

In  November,  1888,  there  was  tried  upon  the  Birming- 
ham Central  Tramway  a  self-contained  electric  motor, 
which  was  designed  upon  the  Julien  system,  by  Mr. 
Thomas  Parker,  of  the  then  Messrs.  El  well-barker.  Limited, 
and  myself.  The  directors  of  the  Birmingham  Central 
Tramways  Company  permitted  the  experiments  to  be 
conducted  upon  their  lines,  upon  conditions  that  the  electric 
motor  to  be  used  should  be  in  the  form  of  an  engine,  in- 
sisting that  before  they  would  consider  the  question  of 
electricity  at  all  in  connection  with  their  lines,  they  must 
be  convinced  by  actual  demonstration  that  the  power  was 
as  ^reat,  if  not  in  excess  of  their  most  powertul  steam- 
engines  then  in  use  ;  and  when  I  point  out  that  they  are 
some  12^  tons  in  weight,  having  cylinders  9in.  in 
diameter,  and  carrying  a  pressure  of  1751b.  to  the  square 
inch,  you  will  agree  that  it  was  no  small  task  to  attempt. 
However,  upon  actual  trial,  the  electric  motor,  although 
weighing  only  9  tons  or  some  3^  tons  less  than  their 
steam-engine,  when  coupled  to  one  of  them  the  electric 
engine  hauled  the  steam-en^ne,  in  spite  of  the  fact  that 
steam  was  full  on  and  pulling  against  the  electric  motor. 
We  afterwards  started,  and  hauled  with  the  electric  motor 
a  load  of  some  30  tons  up  a  grade  of  1  in  32. 
We  have  also  ran  with  one  cluurge  of  the  accumulators  70 
miles,  hauling  a  car  which,  together  with  the  load  con- 
tained therein,  weighed  over  six  tons,  and  this  on  the 
heaviest  grade  of  tnunway  worked  by  steam  locomotives 
in  Birmingham,  travelling  up  a  grade  of  1  in  19  for  over 
500  yards  in  length  during  tne  day  10  times. 

These  and  other  trials  so  far  satisfied  the  directors  that 
they  consented  to  the  construction,  and  permitted  the  trial 
of  a  self  contained  accumulator  car  upon  their  system,  which 
was  designed  and  built  by  the  before-mentioned  persons 
and  firms.  This  electric  car  has  been  so  successfully  run 
over  their  heaviest  steam  route,  and  has  given  such  satis- 
faction to  the  directors,  that  they  gave  an  order  for  12  elec- 
tric cars,  and  they  have  just  completed  what  is  undoubtedly 
the  finest  installation  of  its  kind  in  the  world.  This  self- 
contained  electric  car  has  been  run  for  and  inspected  by 
some  of  the  most  eminent  engineers  and  electricians  in 
the  world,  amongst  whom  I  may  mention  Sir  John  Fowler, 
Mr.  Preece,  Sir  Henry  Mance,  and  Sir  John  Pender,  all  of 
whom  expressed  themselves  as  highly  pleased. 

The  following  particulars  and  brief  description  of  the  car, 
together  with  the  drawing  exhibited,  will,  I  hope,  be  suffi- 
cient illustration  for  you  to  readily  understand.  The  car 
is  made  to  run  upon  a  3ft  6in.  gauge  of  tramways,  and  is 
constructed  to  carry  50  passengers,  24  inside  and  26  out- 
side. It  measures,  over  all,  in  length  26fi.,  and  in  breadth 
6ft.  3in.,  and  from  floor  to  roof  6ft  6in.  The  kinds  of 
wood  used  in  its  construction  are  oak,  teak,  pitch  pine, 
and  bird's-eye  maple.  The  sole  or  foundation  of  the 
car  body  is  made  of  channel  iron,  strutted  so  as  to 
give  it  great  strength  and  rigidity.  The  car  body 
is  carried  upon  two  bogies  of  the  ordinary  kind.  The 
motor  is  geared  to  the  axles  of  one  bogie  by  a 
train  of  helical  gearing.  Both  the  motor  and  the  gearing 
are  carried  upon  a  specially  constructed  frame,  which  is  so 
arranged  that  the  pitch  line  of  the  teeth  always  remains 
constant  The  bearings  throughout  are  fitted  with 
Bichards  patent  plastic  anti-friction  metal,  which  reduce 
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tbe  friction  to  a  minimum  and  makes  all  the  parts  renewable. 
The  accumulators  are  placed  in  trays  (eacn  tray  contains 
eight  cells),  and  these  are  carried  under  the  seats  of  the  car, 
the  outer  panels  of  which  slide  up  behind  the  seats,  so  as 
to  admit  of  their  being  readily  placed  in  position.  The 
connections  are  so  arranged  that  contact  is  made  automati- 
cally as  the  trays  arepushed  into  position,  the  whole  form- 
ing four  batteries.  The  switches  are  of  the  Julien  type, 
and  are  fixed  so  that  the  car  can  be  driven  from  either  end. 
They  are  so  constructed  that  the  cells  can  be  equalised  and 
the  batteries  used  either  in  parallel  or  series.  The  brakes 
are  specially  designed  and  are  of  great  power.  The  car, 
motor,  and  batteries  weigh  nine  tons,  as  against  the  steam- 
engine  and  car  16^  tons,  or  a  saving  in  the  dead  load  to  be 
hauled  of  7|  tons.  The  space  occupied  in  the  street  by  this 
electric  car  is  26ft.,  or  about  half  the  distance  of  a  steam- 
engine  and  car.  Each  car  is  supplied  with  two  sets  of 
accumulators,  one  set  being  charged  whilst  the  other  is 
doing  work  upon  the  road. 

In  the  installation  that  the  Birmingham  Central  Tram- 
ways have  had  fitted  up,  the  labour  in  handUng  the  accu- 
mulators in  the  shed  is  reduced  to  a  minimum  by  having  a 
specially-arranged  balanced  lift,  and  not  only  is  the  labour 
in  handling  reouced  to  its  lowest  point,  but  the  storage 
room  required  for  the  accumulators  is  also  in  the  least  pos- 
sible space. 

This  takes  the  form  of  a  series  of  shelves  upon  the 
tops  of  hydraulic  rams,  arranged  one  above  anotner,  and 
extending  the  length  of  the  car  on  either  side  of  the  track. 
These  are  so  designed  that  they  work  in  pairs,  one  balanc- 
ing the  other,  and  their  positions  are  that  one  is  right  up 
whilst  the  other  is  down ;  or,  say,  the  top  shelf  is  about  to 
be  used  on  the  right-hand  one,  the  bottom  shelf  of  the  left- 
hand  one  is  in  the  same  position  as  regards  the  car,  and  the 
fact  of  bringing  the  second  shelf  of  the  left-hand  one  into 
position  also  places  the  corresponding  shelf  on  the  right- 
hand  one  into  position  also ;  or,  in  other  words,  although 
there  will  be  15  tons  upon  each  ram  the  power  required  to 
place  them  will  be  considerably  less  than  if  each  set  had  to 
be  lifted  separately,  for  we  all  know  that  if  we  have,  say, 
101b.  on  each  side  of  a  pair  of  scales  that  the  smallest  frac- 
tion of  a  pound  placed  on  one  side  will  destroy  the  balance 
and  cause  one  side  to  go  up  and  the  other  down  :  this  is 
simply  what  is  done  with  these  series  of  shelves.  Each 
shelif  is  fitted  with  automatic  connections,  and  is  in  every 
respect  an  exact  duplicate  of  the  car,  so  that  when  the 
accumulator  trays  are  drawn  thereon  automatic  connection 
is  made,  and  the  cells  are  charged  whilst  in  position  upon 
the  ram  without  again  being  moved. 

You  will,  I  am  sure,  agree  that  it  is  most  desirable,  in 
the  interests  of  tramways  generally,  that  some  more  suit- 
able motor  than  steam  should  be  found,  and  I  also  feel  sure 
that  most  of  you  are  convinced  that  it  has  been  found  in 
the  electric  motor,  and  it  is  almost  unnecessary  for  me  to 
point  out  that  an  electric  car  has  many  advantages  that 
cannot  belong  to  the  steam-engine. 

What  a  boon  to  steam  tramway  managers  and  engineers 
to  have  all  the  advantages  of  the  steam-engine  without  the 
smoke,  steam,  stench,  and  the  non-liability  to  boiler  explo- 
sions, the  blowing  out  of  a  joint,  and  the  consequent  litiga- 
tion arising  out  of  having  frightened  someone's  horse 
thereby.  It  seems  almost  too  good  to  be  true  that  it  is 
possible  to  have  the  power  on  bcMird  of  your  vehicle,  and 
not  to  be  liable  to  be  hampered  as  you  are  when  using 
steam,  and  not  to  receive  daily  complaints  bom  the 
residents  along  the  line  of  route  that  their  bedrooms  are 
filled  with  sidphur,  or  that  you  have  spoiled  a  pau*  of 
curtains,  or  thousands  of  other  things  that  none  but  one 
of  the  unfortunate  gentlemen  connected  with  steam  tram- 
ways know  oL 

To  the  horse  tramway  companies  the  electric  car  has 
more  advantages  than  even  to  the  steam  tramway  com- 
panies. You  scarcely  speak  to  a  horse  tramway  manager 
about  his  receipts  per  mile  run  but  that  lie  begins  to  com- 
plain that  it  is  most  unfair  to  make  comparisons.  "  How 
can  yon  expect^"  says  he,  "  that  we  shoula  carry  as  many 
passengers  as  a  steam  car  j  horses  cannot  do  it."  "No,  but 
electricity  can,  and  that,  too,  cheaper  than  your  horses." 
Within  reasonable  limits,  vou  can  make  the  carrying  capa- 
city of  your  electric  car  what  you  like,  and|  what  may  be 


of  considerable  importance  to  horse  tramwavs,  the  electric 
car  can  not  only  be  driven  by  the  horse-car  orivers,  but  ran 
in  the  same  service  with  horse  cars  if  desired. 

I  have  refrained  in  this  paper  from  dealing  with  the 
subject  from  a  scientific  aspect,  preferring  rather  to  leave 
that  side  of  the  rabject  to  the  more  expert  electrician;  but 
as  a  practical  tramway  manager  and  engineer  I  do  not 
hesitate  to  state  that  I  am  thoroughly  convinced  that 
horse,  steam  locomotive,  and  cable  will  in  a  few  years  hold 
a  very  different  position  than  they  now  do  in  tramway 
haulage. 


THE  BDINBUBOH  EXHIBITION.— X. 


At  stand  No.  108,  Mr.  James  Pitkin,  electrical  and 
philosophical  instrument  maker,  of  56,  Red  Lion-street| 
Glerkenwell,  exhibits  electric  chronographs,  firing  keys, 
reflecting  galvanometers,  electrical  measuring  instruments, 
electrical  hand  lamps,  hydrometers,  pas  detectors,  etc. 

Capt  Holden's  Improved  Electric  Chronograph. — The 
type  of  chronograph  usually  employed  for  the  measure- 
ment of  a  very  smdl  interval  of  time  or  for  the  measure- 
ment of  the  velocity  of  projectiles  fired  from  small  arms,  as 
well  as  the  heaviest  natures  of  ordnance,  is  that  which  is 
known  as  the  "  drop  "  type,  signifying  that  the  records  are 
obtained  on  some  registering  surface  falling  under  the  in- 
fluence of  gravity.  Screens  of  wire  or  some  such  equiva- 
lent devices  which  are  cut  by  the  projectile  in  its  flight  are 
employed  when  the  velocity  to  be  determined  is  that 
of  a  bullet  from  a  rifle  or  a  shot  from  a  gun.  The 
instrument  under  notice,  of  which  Captain  Br^ger's 
instrument  is  the  prototype,  consists  principally  of  a  pillar 
supporting  two  electromagnets,  one  at  a  higher  point  than 
the  other,  which  in  their  turn  serve  to  support  two  iron- 
tipped  rods.  The  longer  of  these  two  is  suspended  by  the 
magnet,  which  is  in  the  circuit  through  the  nearest  screen 
to  the  gun,  and  which  consequently  is  the  first  to  fall. 
When  a  shot  is  fired  this  rod  is  covered  with  a  copj^r  tube, 
on  which  the  records  are  made  by  the  recording  knife.  The 
shorter  rod  falls  on  to  a  table  connected  wiiai  a  trigger, 
which  releases  a  spring  carrying  a  knife,  by  which  the 
longer  rod  is  marked  in  its  falls. 

Before  taking  a  reading  both  circuits  are  closed,  and  the 
rods  suspended  by  their  respective  magnets,  then  by  means 
of  an  accessory  instrument  called  a  *' disjunctor.  Both 
the  circuits  are  broken  absolutely  simultaneously,  and  thus 
the  loss  of  time  occasioned  by  the  non-instantaneous 
release  of  the  rods  by  their  respective  magnets  on  the 
circuits  being  broken,  as  well  as  the  delay  in  the  action 
of  the  trigger  on  the  knife,  is  mechanically  determined  with 
great  exactness.  This  having  been  done,  and  the  rods 
again  suspended,  the  gun  is  fired,  and  the  screens  being 
broken  the  rods  fall  one  after  the  other,  and  the  mark  is 
made  this  time  at  a  higher  point  on  the  rod,  corresponding 
to  the  time  that  the  projectile  took  to  pass  from  one  screen 
to  the  other.  The  distance  between  the  mark  thus  made 
and  the  former  one  gives  us  the  means  of  ascertaining  the 
velocity  of  the  projectile.  For  if  the  distance  between  the 
screens  be  known,  also  the  force  of  gravity  at  the  spot, 
together  with  the  mass  of  the  falling  body,  its  acceleration 
is  then  known,  and  by  adjusting  the  instrument,  which  can 
readily  be  done,  so  that  the  mark  made  when  the  disjunctor 
is  used  is  always  the  same  height  on  the  rod,  we  can  apply 
a  micrometer  scale  to  measure  directly  the  velocity  of  the 
projectile  at  the  middle  point  between  the  two  screens, 
when  these  latter  are  always  the  same  distance  apart 

The  chronograph,  as  shown,  was  designed  by  Capt  0. 
Holden,  B.A.,  ot  Woolwich  Arsenal  All  the  electrical 
and  mechanical  parts  have  been  carefully  thought  out,  so 
as  to  eliminate,  as  far  as  possible,  all  errors  due  to  residual 
mi^netism,  mechanical  friction,  and  instability.  To  this 
end  the  iron  cores  of  the  magnets  are  specially  designed ; 
the  number  of  turns  and  the  resistance  of  the  wire  in  each 
coQ  is  made  quite  uniform.  To  eliminate  "Foucault" 
currents  the  German  silver  bobbins  are  split  On  each 
coil  a  visual  indicator  has  been  added  to  show  when  the 
current  is  passing  through  the  coils,  and  also  to  detect 
leakages.  To  prevent  friction  all  the  bearings  are  jewelled, 
and  greater  accuracy  in  the  readings  is  obtained  by  adding 
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K  slidinf;  iadez  to  the  verniw  scale.  Ingtead  of  movable 
knife-edgeB,  eacb  instrument  ia  now  provided  with 
levels,  so  that  when  the  chronograph  is  once  set 
up  it  can  easily  be  verified  and  readjusted.  An 
entirely  novel  feature  in  the  improved  instrument  is 
the  iutroduction  of  a  switchboard.  On  this  board  are 
placed  two  circular  variable  resistances  (used  for  regulating 
the  current  through  the  electromagnets,  which  are  then 
placed  in  exactly  similar  conditions,  both  electrically  and 
magnetically),  an  instantaneous  electrically  worked  diajunc- 
tor,  which  does  not  require  reoocking  and  which  can  readily 
be  adjusted  to  any  requisite  speed  of  break,  a  mercurial 
reversing  switch,  and  a  disjunctor  key.  In  the  older  form 
of  chronographs  the  disjunctor  was  alwayi  a  continual 
source  of  trouble  and  annoyance,  as  well  as  error.  The 
new  disjunctor  has  got  over  these  difGculties  entirely.  The 
mercurial  reversing  switch  is  a  most  important  addition,  as 
by  its  means  the  correct  working  of  the  disjunctor,  on 
which  the  instrument  entirely  depends,  can  instantly  be 
verified,  anditalso  serves  todisconnect  the  batteries  and  Ones 
from  the  instrument  when  it  is  not  in  use.  All  the  connec- 
tions  are  carried  up  to  stout  brass  terminals  placed  at 


Fio.  1. 

the  top  of  the  board,  so  that  to  join  up  the  batteries,  line, 
and  instrument  to  their  respective  terminals  is  an  easy 
matter,  and  any  portion  can  be  tested  without  disturbing 
other  parte.  All  the  workii^  part«,  contacts,  etc,  are 
tiioroughlv  protected  from  dirt  and  accidental  damage. 
Instead  of  the  clumsy  and  inaccurate  method  of  scratching 
the  place  where  the  disjunctor  mark  should  be,  on  the 
fall  tube  by  means  of  the  knife-edge,  a  special  instrument 
is  now  supplied  for  this  purpose.  The  batteries  used  for 
working  the  whole  system  are  of  the  secondary  type. 
This  class  of  battery  has  now  been  in  successful  operation 
for  working  the  above  instruments  for  several  years.  The 
"  Holden  "  chronographs  are  now  in  use  at  all  the  principal 
Qovernmeut  factories,  not  only  in  England,  but  in  India 
and  elsewhere. 

Among  the  other  instruments  devised  by  Captain  Holden 
and  shown  on  this  stand  are  a  firing  key  and  firing  battery 
combined,  a  locking  and  short-circuiting  key,  an  improved 
wire  chronograph  screen,  an  improved  reflecting  galvano- 
meter, and  a  new  form  of  hydrometer. 

The  combined  firing  key  and  battery  ia  a  safety  device 


now  in  use  for  firing  large  ordnance.  The  safety  arrange- 
mentserves  the  double  purpose  of  testing  as  well  as  auto- 
matically locking  the  firing  key  until  such  times  as  the  cir- 
cuit through  the  fuse  is  completed.  A  visual  indicator  and 
telltale  is  also  placed  above  the  push.  By  means  of  this  it 
is  possible  to  detect  any  faults  in  the  connections,  lines,  or 
tubes  at  the  time  of  firing. 

The  "  Holden  "  hydrometer  is  a  useful  piece  of  apparatus 
which  seems  to  have  been  overlooked  by  users  of  secondary 
batteries.  Fig.  1  illustrates  the  method  of  using  this  hydro- 
meter in  an  accumulator  cell  The  hydrometer  float  con- 
sists of  a  cylindrical  glass  bulb,  about  3in.  long,  terminating 
in  a  thin  glass  rod  between  Sin,  and  9in.  in  length.    Owing 


Fio.  2. 

to  the  great  diflference  between  the  amount  of  displacement 
relativdy  of  the  bulb  and  stem,  the  instrument  can  be  made 
of  a  very  open  range.  A  difference  of  7in.  may  readily  be 
obtained  in  an  alteration  of  density  of,  say,  from  1,150  to 
1,200.  A  sei^rate  vulcanite  scale  is  used.  The  scale  is 
fastened  to  a  lug  or  connector  of  the  battery  element  by 
means  of  an  indiarubber  band.  The  scale  is  so  adjusted 
that  its  point  just  touches  the  surface  of  the  liquid.  The 
float  is  free  to  move  up  and  down  in  front  of  the  fixed  scale. 
The  reading  is  taken  tram  the  top  of  the  pointer.  These 
instruments  are  shown  in  several  sizes,  and  of  various 
ranges.  They  may  be. made  either  in  slasa  or  vulcanite. 
They  are  extremely  accurate,  easily  visible,  and  do  not  sti^ 
to  the  side  of  the  celt 


The  Holden -D'Arsonval  reflecting  galvanometer  is  shown 
in  Figs,  2  and  3.  It  is  a  development  of  the  well-known 
D'Arsonval  zero  galvanometer.  Those  familiar  with  the 
earliest  form  of  Sir  William  Thomson's  syphon  recorder 
will  at  once  be  able  to  trace  the  evolution  from  the 
recorder  to  D' Arson val's  instrument.  Take  away  the 
glass  syphon  recording  arrangement  and  replace  it 
by  a  small  mirror  which  can  be  fixed  to  the  coil,  and  the 
transformation  is  complete.  In  the  improved  instrument 
we  have  a  powerful  laminated  permanent  magnet  of  circular 
form  placed  horizontally.    The  poles  having  been  brought 
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round  to  face  each  other,  are  turned  outsoas  to  encompass  the 
moring  coil.  In  the  centre  of  the  magnetic  field  and  mid- 
way between  the  poles  a  cylindrical  rwi  of  soft  iron  is  held. 
This  maaa  of  soft  iron  serros  to  concentrate  the  lines  of 
force  and  to  make  the  magnetic  field  uniform.  The  moving 
coil  is  built  up  upon  a  very  light  silver  frame.  The  current 
18  led  int»  the  coil  by  means  of  a  platinoid  wire,  starting 
^m  a  Bfuing  at  the  top  of  the  instrument.  The  current 
then  passes  through  the  coil,  and  out  at  another  platinoid 
wire  fixed  at  Uie  bottom  and  attached  to  a  mill- 
beaded  screw.  There  is  a  spring  at  the  top  to  ^ve  the 
necessary  tendon.  The  mill-headed  screw  is  used 
to  giroduce  the  desired  torsion  in  the  suspending 
wires  to  bring  the  mirror  to  its  zero.  A  specif 
point  about  the  galvanometer  is  the  arrangement  for  lifting 
oat  the  coil  system  and  its  soft  iron  core,  and  the  method 
employed  for  readily  renewing  the  suspension  wires.  By 
unscrewing  a  clamping  screw  and  removing  one  connecting 
wire  from  a  binding  screw  the  whole  coil  system  comes  out 
The  advantage  of  this  is  apparent.  It  greatly  facilitates 
the  mounting  and  adjustment  of  the  coil,  mirror,  etc.,  and 
at  the  same  time  rednces  the  chances  of  damage  in  transit 
The  instrument  can  be  fitted  with  several  coils  of  different 
resistance,  which  can  be  instantly  removed,  and  substi- 
tuted the  one  for  the  other.  With  a  resistance  in  the  coil 
of  IG  ohms,  and  an  added  resistancB  of  100,000  ohms,  a 
deflecti<Hi  of  the  coil  equal  to  ao  angle  of  Ideg.  may  ba 
obtained  with  a  pressure  of  one  volt  By  suitable  shunts 
and  winding  the  instrument  may  be  made  into  a  very  good 
milliampere-meter  or  voltmeter.  The  scale  is  found  to  be 
of  practically  equal  divisions..  Care  seems  to  have  been 
taken  to  reduce  everything  to  its  simplest  form.  The 
essential  parte  are  carefully  made,  aiKl  on  the  non- 
etsentiala  no  labour  has  been  wasted. 


A  simple  form  of  ampere-gauge  is  also  shown  (Fig.  4). 
Id  this  instrument  there  is  a  small  coil  snitably  wound 
on  a  metal  bobbin.  Innde  the  bobbin  is  fixed  a  segment 
of  soft  iron.  A  bar  of  soft  iron  attached  to  the  end  of  a 
pointer,  whose  bearings  work  in  jewelled  holes,  is  free  to 
move  in  the  same  pl»ie  as  the  fixed  segment  When  the 
,  current  is  running  through  the  coil,  both  the  fixed  and 
movable  iron  masses  assume  the  same  polarity.  Repulsion, 
therefon,  takes  place.  It  is  found  that  within  certain 
linuts  uie  scale  readings  are  nearly  uniform.  The  most 
useful  range  is  said  to  be  between  1  and  20.  Instruments 
measuring  from  -1  to  2  amperes,  and  from  2  to  40  amperes, 
■re  now  made.  Each  ammeter  is  separately  calibrated 
from  a  standard  instrument  In  appearance  they  are  very 
neat,  and  as  the  price  is  low  they  should  have  a  ready 
tale. 

An  assortment  of  Pitkin's  portable  batteries  and  lamps 
are  shown.  These  goods  are  now  so  well  known  that  they 
need  no  description  here.  We  have  the  2,  3,  and  4-cell 
batteries  fitted  u^  at  miners',  travelling,  and  pocket  lamps ; 
secondary  battenes  for  medical  And  many  other  purposes. 
Soma  of  the  lanterns  are  fitted  with  plain  plate  glass  fronts, 
others  with  bull's-eye  lenses.  One  of  the  lanterns  is  fitted 
with  a  detachable  ruby  glass  front,  which  is  said  to  be 
useful  for  photographic  purposes. 

A  novel  and  very  neat^looking  portable  primary  battery 
uid  lantern  is  also  shown.  This  battery  is  constructed  to 
TUn  for  a  period  of  10  hours  with  one  charge  of  the  solu- 
tion. It  is  a  zinc-carbon  battery  of  the  single-fluid  type. 
The  elements  are  automatically  withdrawn  from  the  solu- 


tion when  the  burner  is  nob  in  use.  As  no  action  goea  ob 
when  the  elements  are  out  of  tbe  solution,  one  cham  maj 
be  spread  over  a  period  of  many  monthe  when  th«  ught  ii 
only  required  for  occasional  and  short  periods.  The  above 
lamp  has  been  devised  for  use  where  a  dynamo  is  not  avail- 
able for  charging  seooodary  batteries. 

There  are  also  on  show  several  of  Pitkin  and  Niblett's 
explosive  gas  detectors.  There  is  a  large  inspectional 
instrument,  having  a  bold  and  wen  scale,  a  handy  pocket 
inatnunent  in  a  leather  case,  made  especially  for  the  use  of 
those  engaged  in  coal  gas  works,  etc. ;  and  also  a  small 
meUdlic  detector  about  the  mm  of  an  ordinary  pocket 
aneroid  barometer.  Acting  on  the  experience  gained 
during  the  past  year,  substantial  improvements  and  altera- 
tions are  now  being  made  in  these  instruments.  Nearly  all 
the  defects  and  wrak  points  brought  out  by  actual  practice 
have  been  remedied.  The  detectors  can  now  be  made  so 
sensitive  that  they  will  detect  ^th  per  cent  of  coal  gas 
when  mixed  vrith  air. 

Although  these  instruments  have  little  or  no  connection 
with  electrical  matters,  yet  they  might  be  found  to  be  of 
great  service  to  those  engaged  in  running  under^und 
cables.  Coal  gas  frequently  leaks  into  the  condmts  into 
which  electric  light  mains  are  now  being  run.  If  a  spirit 
flame  of  other  light  is  brought  near,  an  explosion  is  usually 
the  result  ^^Iji  several  serious  accidects  of  this  nature 
have  occurred.  'Oieee  instruments  will  readily  detect  and 
localise  leaks  of  coal  gas,  even  if  in  the  meet  inaccessible 

e laces.  In  addition  to  the  visual  arrangement,  they  may 
s  made  to  give  a  record  on  paper,  or  to  give  an  ajum  by 
completing  an  electric  circuit  through  a  bell  or  other  tell- 
tale. Quite  a  number  of  these  detectors  saem  to  have  been 
sold,  many  orders  coming  from  abroad,  especially  from 
France,  Belgium,  and  Italy,  where  they  seem  to  be  much 
appreciated. 

A  FLEXIBLE  CONDUIT  STSTEH. 


An  ingenious  attempt  to  combine  the  advantages  of  the 
direct  current  tmnsmission  with  the  conduit  system  for 
electric  tramcars  without  having  an  open  slot,  and  at 
the  same  time  without  complicated  connecting  mechanism, 
has  been  made  in  America  by  Mr.  W.  J.  Cordley,  and  is 
shown  in  the  accompanjnng  cut.  The  principle  employed 
is  a  main  conductor  enclosed  in  a  small  conduit  of  flexible 
materid  run,  as  shown,  close  to  the  track.  The  working 
conductor  closes  the  flexible  conduit  at  the  top  and  is  nor- 
mally unconnected  with  the  main  feed-wire.  When,  how- 
over,  the  contact  wheels  on  the  car  press  upon  the  working 
conductor,  it  is  forced  downwards  into  contact  with  the 
feed-wire,  and  a  continuous  supply  of  electricity  is  furnished 
to  the  car.  As  in  other  conduit  systems,  it  is  not  safe  to 
make  predictions  as  to  the  advantagee  or  diaadvant^es 
that  will  probably  be  found  in  this  system.  A  rubber 
insulation  is,  of  course,  liable  to  deterioration,  and  other 
difficulties  may  be  found  to  be  inherent  in  tie  plan  of  a 


Cotidnit  wit)i  Flax&ls  ^slU. 

conduit  with  flexible  walls.  Nevertheless,  the  idea  of  a 
working  conductor  normally  out  of  contact  with  the  feed- 
wire,  and  pressed  into  contact  only  when  desired,  is  an 
excellent  one,  and  unless  on  experiment  the  mechanical 
difficulties  of  arranging  it  should  prove  to  he  too  formidable, 
we  may  make  ita  acquaintance  in  actual  use  on  the  streets. 
Devices  of  this  kind  have  very  marked  advantages  over  the 
slot  conduit,  and  whoever  successfully  avoids  the  difficulties 
that  have  stood  in  the  way  heretofore  will  make  a  valuable 
addition  to  our  present  means  of  urban  electric  traction. 
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IMPORTANT  NOTICE. 


We  may  oeeasionaUy  follow  the  lead  of  our  American  Content 
porariee,  eepeeiaUy  when  they  point  out  a  serviceable  way.  TKey 
are  not  haekward  in  ashing  their  friends  todoaU  they  can  for  the 
welfare  of  the  paper.  Weatk  our  friends  to  remember  vs.  No 
Paper  that  we  know  ever  refuses  Subscribers  or  Advertieers.  Nor 
do  we;  in  fact,  we  invite  them,  believing  that  they  trUl  get  ffiM 
value  for  thetr  motvey. 

Specimen  eopits  of  the  paper  wiU  be  sent  on  rcqueet. 


BMBRTO  COMPANIES. 

"The  horns  of  a  dilemma"  is  an  expression 
frequently  heard,  but  less  frequently  appreciated. 
Most  people  if  asked  to  explain  it  would  do  sd  by 
stating  the  person  in  this  position  to  be  in  a  warm  cor- 
ner, out  of  which  he  could  not  emerge  without  consi- 
derable scorching.  If  anyone  is  ev<^r  upon ' '  the  horns 
of  a  dilemma  "  it  is  the  technical  journaUst  in  his 
relations  with  embryo  companies.  Whatever  course 
he  takes  he  fedls  foul  either  pf  one  party  or  of 
another,  and  is  anathematised  accordingly.  If  he 
works  for  the  benefit  of  the  public  by  suggestions 
based  upon  *'  proof  prospectuses,"  which  are  usually 
submitted  to  him.  as  "private  and  confidential*' 
documents,  the  public  know  nothing  of  his  efforts, 
and  for  whatever  he  may  save  them  he  gets  no 
thanks  from  them,  while  he  is  certain  of  anathemas 
from  the  promoters.  If,  on  the  other  hand,  he 
criticises  pubUcly  the  prospectus  submitted  to  him, 
he  is  guilty  of  a  breach  of  trust,  and  may  find  that 
the  final  prospectus  is  altogether  different  to  the 
"proof."  Breach  of  trust,  however,  nowadays 
seems  of  very  little  importance  in  this  connection, 
and  is  more  honoured  in  the  breaking  than  in  the 
keeping.  Pro  bono  puJ>lico  is  the  excuse  for  this 
laxity  of  morals,  and  as  it  is  customary  to  follow  the 
lead  of  Bomans  in  Borne,  we  intend  in  this  article 
to  refer  to  "embryo  companies" — ^that  is,  to  com- 
panies whose  prospectuses  are  not  issued  to  the 
public,  but  only  to  certain  interested  parties,  and  are 
"  subject  to  revision." 

The  technical  journalist  has  frequently  good 
grounds  for  wishing  to  have  his  say  upon  a  company's 
prospectus,  but  is  generally  left  without  the  oppor- 
tunity unless  he  takes  the  bull  by  the  horns  and 
comments  upon  the  private  document,  for  promoters 
of  companies  are  keen  enough  to  come  before  the 
public  after  the  technical  papers  are  printed,  and 
before  the  next  issue  the  lists  are  closed.  This 
sharp  practice  on  the  one  hand  partially  accounts 
for  the  sharp  practice  on  the  other.  In  certain 
recent  cases  definite  promises  have  been  made  that 
the  technical  press  should  have  an  opportunity  of 
dealing  with  the  subject  when  the  time  was  ripe  for 
bringing  out  the  companies,  and  considerable  altera- 
tions have  been  made  in  the  provisional  prospectuses 
in  deference  to  the  views  privately  expressed  upon 
them. 

In  discussing  company  promotion,  we  have  to 
consider  first  if  the  industry  can  well  proceed  with- 
out the  formation  of  large  companies,  and  the 
answer  to  such  a  question  is  in  the  negative.  Assume, 
then,  that  companies- are  a  necessity,  how  are  they 
to  be  formed  ?  Naturally,  the  people  who  initiate 
the  matter  look  first  to  their  own  pockets.  If  they 
can  lay  hold  of  a  good  thing  to  bring  before  the  public 
they  prefer  to  do  so,  because  their  gain  will  be  greater 
and    more    certain  than  with  doubtful    concerns. 
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Those 'who"  tasve  had  much  to  do  with  the  float- 
ing of  companies  know  that  the  figoies  in  a 
prospectus  are  always  more  or  less  misleading. 
If  an  amount  is  paid  as  purchase  money  this 
amount  usually  includes,  not  only  the  cost 
of  purchase,  but  the  preliminary  expenses,  the 
profits  of  the  promoters,  and  the  cost  of  under- 
writing. It  is  a  mistake  to  think  that  success  is  left 
to  the  chance  applications  of  the  public  as  induced 
by  advertisement.  Not  so ;  a  large  part  of  the 
capital  is  underwritten.  If  the  public  apply,  so  much 
the  better  for  the  underwriters.  If,  on  the  contrary, 
the  issue  is  somewhat  of  a  "  frosty"  the  underwriters 
have  for  the  time  to  suffer,  and  engineer  the  company 
to  a  quotation  that  will  pay,  and  then  quietly 
unload.  The  real  purchase  money  is  seldom  more 
than  a  quarter  the  amount  appearing  in  the  pro- 
spectus, and  of  course  the  important  question  is 
whether  the  promoters  do  not  reap  too  large  a 
benefit.  We  think  they  do.  On  the  contrary,  they 
maintain  they  do  not.  The  risks  are  large,  the 
expenses  are  also  large,  and  in  the  majority  of  cases 
the  recompense  is  not  great.  Occasionally  it  is 
admitted  a  gigantic  haul  is  made,  but  these  are  the 
prizes  of  the  promoting  profession.  The  worst 
feature  of  company  promotion  at  the  present  day  is 
to  be  found  in  "  founders'  shares,"  a  system  that  has 
only  recently  come  into  general  use. 

In  considering  the  position  of  an  embryo  com- 
pany, all  these  and  many  other  things  have  to  be 
weighed.  The  prospects  of  success  are  generally 
presented  in  a  very  flattering  manner.  The  old- 
fashioned  five  per  cent,  return  is  not  in  it  in  these 
days  when  two,  three,  or  four  times  that  return  is 
delicately  hinted  at,  if  not  absolutely  promised.  We 
have  lately  read  an  adverse  criticism  upon  an  embryo 
company,  whose  proof  prospectus  has  been  altered 
again  and  again — each  time  very  largely  to  the 
benefit  of  the  intended  future  shareholders.  The 
board  is  an  exceedingly  strong  one,  and  its  work  is 
connected  with  electric  traction.  We  will  assume 
the  criticism  to  be  justified,  as  founded  upon  the 
proof  prospectus  seen.  The  reply  to  the  criticism  is 
simple  and  effectual.  It  is  that  the  critic  has  entirely 
missed  the  right  sphere  of  the  company's  proposed 
labours.  Certainly,  a  paragraph  in  one  of  the 
prospectuses  may  be  read  in  a  particular  way, 
but  that  paragraph  is  said  to  refer  to  inci- 
dental work  only,  and  arguments  detrimental 
to  the  company  founded  upon  it  must  be  in- 
correct. The  great  work  proposed  by  the  company 
is  in  another  direction  entirely.  Let  us  explain 
more  clearly.  Suppose  the  adverse  criticism  is  founded 
upon  the  view  that  the  principal  work  was  to  pro- 
vide electric  traction  for  existiilg  tram  lines,  when 
the  company's  work  is  really  to  be  the  initiation  and 
construction  of,  and  haulage  upon,  new  lines.  The 
difiezenoe  in  the  character  of  this  work  is  so  great 
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that  similar  arguments  *i0ngltiot  apply.  Indiscrimi- 
nate harrying  of  promoters  is  as  likely  to  do  as 
much  harm  as  a  general  and  unreasoning  agreement 
with  them.  Much  better  work  both  for  the  industry 
and  for  the  pubhc  can  be  done  by  privately  suggest- 
ing, at  any  rate  until  it  is  found  that  the  promoters 
will  not  listen  to  such  suggestions. 


THE  BOARD  OF  TRADE. 

The  actions  of  the  Board  of  Trade  form  subjects 
for  consideration  by  all  supply  companies — in  fact,  by 
all  electrical  engineers — ^and  not  always  of  a  pleasing 
character.  When  the  Birkenhead  Provisional  Order 
was  under  discussion  last  week,  a  clause,  or  rather  a 
section  of  a  clause,  was  agreed  to  which  will  un- 
doubtedly have  to  be  altered,  although  it  is  under- 
stood that  the  clause  will  be  followed  by  the  Board 
of  Trade  in  all  other  orders.  The  third  sub-section 
of  clause  6  now  reads  as  follows : 

"  The  undertakers  shall  construct  their  mains  and 
other  works  of  all  descriptions,  and  shall  work  their 
undertakings  in  all  respects,  so  as  not  injuriously  to 
affect  the  working  of  any  existing  electric  circuits 
from  time  to  time  used  or  intended  to  be  used  for 
the  purpose  of  telegraphic,  telephonic,  or  electric 
signalling  communication,  or  the  currents  in  such 
circuits,  and  shall  use  every  reasonable  means,  in 
the  construction  of  their  mains  and  other  works  of 
all  descriptions  and  the  working  of  their  under- 
taking, to  prevent  injurious  affection,  whether  by 
induction  or  otherwise,  of  any  electric  circuits  used 
or  intended  to  be  used  for  the  purposes  aforesaid, 
whether  existing  at  the  time  of  the  construction  of 
such  mains  or  other  works  or  not,  or  the  currents  of 
such  circuits." 

Can  any  business  man  uninterested  in  electrical 
matters  agree  that  the  embargo  laid  on  electric  light 
and  power  engineers  is  just,  which  reads  "  whether 
existing  at  the  time  of  the  construction  of  such 
mains  or  other  works  or  not  *' — that  is,  the  engineer 
is  to  provide  not  only  for  past  and  present,  but  also 
for  future  telegraphic  or  telephone  wires.  This  is 
preposterous. 


COST   OF   ELECTRIC   U6HT. 

Circumstances  alter  cases ;  that  is  admitted,  but 
many  English  firms  have  business  outside  England, 
and,  where  circumstances  may  approximate  to  the 
cases  referred  to,  in  America.  Till  the  various 
central  stations  in  England  have  been  running  for 
some  years,  no  real  knowledge  as  to  actual  cost  will 
be  available.  In  the  early  years  the  expenses  are 
great  in  proportion  to  the  income,  and  this  holds  till 
the  station  is  running  in  its  normal  condition  with 
full  loads.  When  a  place  is  supplied  with  electric 
Ught  at  a  fixed  charge  we,  of  course,  know  the  cost 
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to  the  porcbasers,  bat  for  practical  men  tbis  know- 
ledge is  almost  useless.  Hence,  even  in  America, 
Table  11.,  given  below,  will  be  more  interesting  than 
Table  I.  Kansas  City  has  been  investigating  the 
cost  of  artificial  lighting,  and  the  report  gives  a 
number  of  tables,  among  others  the  following : 

Table  I. — ^Electric  Light  as  Supplied  by  Private 

Companies. 


Name  of  city. 


KanBaaCity  

Atlanui,  Ga 

Baltimore,  Md 

Binghampton,  N.  Y. 
Birmingham,  Ala. 

Bufl&ao,N.Y 

Cleyeland,  O 

Denyer,  Col.  ... 

Dulnth,  MinD 

Jaokaon,  Mich 

Lowell,  Mass 

Memphis,  Tenn.  ... 
Kew  Bedford,  Mass. 
New  Haven,  Conn. 

Richmond,  Va. 

St.  Louis,  Mo 

Sedaliaj  Mo 

Springfield,  III 

Troy,N.Y 

Wichita,  Kan 


Schedule. 


All  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  night  .. 
All  night  ... 
All  night  ... 
AU  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  night  ... 
All  ni^ht  ... 
Moonught .. 
Moonlight.. 
All  night  .. 
All  night  .. 


Number  of 

Cost  per 

lights. 

night. 

Cents. 

114 

55 

596 

53i 

607 

40 

123 

36 

100 

33 

1,296 

40 

100 

38 

216 

53 

186 

35 

210 

24 

180 

50 

100 

50 

90 

40 

48 

134 

40 

1,587 

20i 

91 

24i 

110 

38} 

279 

39i 

90 

30 

Candle- 
power. 

2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
1,200 
2,000 
2,000 
2,000 
2,000 
2,000 


The  committee  call  attention  to  the  peculiarity 

that  the  smaller  cities  and  towns  using  fewer  lights 

are  supplied  at  cheaper  rates  than  cities  with  many 

lights  ;  they  think  that  if  this  condition  is  financially 

sound  electric  lighting  is  an  exceptional  business. 

We  suspect  that  all  the  facts  being  known  it  would 

be  found  that  some  of  the  smaller  companies  are 

taking  business  at  unremunerative  prices.  The  cost  of 

the  electric  light  to  cities  owning  their  own  plant  is 

herein  given. 

Table  II. 


Name  of  city. 

Number  of 
lamps. 

Candle- 
power. 

Cost  of  each 

light  per 

night. 

Bay  City.  Mich 

134 

220 

520 

96 

96 

110 

85 

208 

184 

2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

Cents. 

m 

20 

Bloomiiurton,  HI 

Chicairo.  m 

19 

Hannioal.  Mo 

141 

m 

13i 
134 

18 

Lewiston,  Me 

Little  Rock,  Ark 

Madison.  Ind, 

St.  JoecDh.  Mo 

Toneka.  Kan. 

Besult :  The  committee  suggest  that  an  electric 
lighting  plant  be  put  into  the  new  City  Hall,  to  supply 
that  building  and  the  adjacent  streets. 


TRAMWAYS. 

The  paper  of  Mr.  Dickenson,  which  we  give  else- 
where, is  one  of  the  first  on  the  subject  of  electrical  trac- 
tion that  has  been  read  and  discussed  in  this  country 
by  practical  men.  Outsiders  too  frequently  think  they 
know  all  about  tramway  work,  but  their  views  are 
often  in  opposition  to  those  whose  daily  work  is 
upon  tramways.  We  may  now  take  it  that  the 
average  coat  per  mile  run  of  haulage  upon  tramways 


is  6d.    Mr.  Dickenson  talks  about  what  he  knows, 
and  describes  what  has  been  done  rather  than  what 
is  estimated  as  being  possible.    One  or  two  refe- 
rences in  his  paper  were  handled  adversely  in  the 
discussion,  especially  the  statement  that  the  Bark- 
ing contract  showed  a  profit  at  4^d,  per  mile.  From 
certain  information  which  we  have  received,  we  in- 
cline to  the  opinion  that  the  profit  obtained  is 
solely  calculated  upon  immediate  takings  and  out- 
goings,  without  considering  depreciation,  as    was 
suggested  in  the  discussion.    Before  any  money  is 
available  for  dividend,  allowances  must  be  made  for 
depreciation  unless  all  apparatus  is  kept  in  a  state 
of  the  highest  efficiency  out  of  income.     It  will  take 
some  time  to  obtain  absolutely  trustworthy  figures, 
and  the  thanks   of  everyone  engaged   in  electrical 
work  must  be  given  to  Mr.  Dickenson,  whose  paper 
has  led  to  the  promise  of  Mr.  Smith  to  provide  such 
figures  at  the  next  meeting  of  the  Institute,  to  be  ob- 
tained from  the  working  at  Birmingham.  Mr.  Dicken- 
son's conclusion  that  self-contained  cars    will    be 
largely  adopted  on  all  old  lines,  if  it  can  be  proved 
that  the  cost  is  no  greater  than  with  the  systems 
now  in  vogue,  should  lead  makers  to  pay  special 
attention  to  accumulator  work,  and  so  modify  their 
construction  as  to  make  them  more  suitable  for  such 
work. 


CORRESPONDENCE. 


THE  LINEFF  TRAMWAY  SYSTEM. 

To  THE  EnrroR  of  the  Electrical  Engineer. 

Sir, — The  method  of  working  tramfTays  by  electricity 
described  in  your  paper  of  the  4th  inst.  goes  in  my  office 
under  the  name  of  "the  snake  trick,"  because  I  found, 
when  experimenting  in  the  same  direction  in  1886,  that 
the  employment  of  a  flat  strip  presented  many  practical 
difficulties  which,  if  not  already  discovered  by  Mr.  LinefT, 
will  make  themselves  apparent  in  time,  and  most  of  these 
objections  were  obviated  by  the  employment  of  a  spiral 
wire  coil  which  could  wave  and  twist  as  required— hence 
the  name  "  snake." 
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I  have  not  yet  published  the  details  by  which  I  met  the 
difficulty  of  dealing  with  points  and  crossings,  where  it  is 
obvious  there  is  immediate  danger  of  a  short  circuit  I 
am  therefore  curious  to  know  what  {Mr.  LineflTs  method 
will  be. 
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being  of  a  steel-grey  colour,  a  band  of  blue  metal  appearing 
on  the  upper  portion  of  the  plate,  near  the  water-line. 

20.  Borate  of  Antimony. — A  hot  solution  of  boracic  acid 
was  first  pre^^ared,  in  which  was  immersed  an  antimony 
anode  and  a  brass  cathode,  the  current  from  two  cells  being 
used.  In  a  few  minutes  after  the  electrocles  were  immersed, 
a  film  of  antimony  appeared  upon  the  negative  plate,  show- 
ing that  the  acid  had  exerted  solvent  action  upon  the  anti- 
mony under  the  influence  of  the  current. 

21.  AfUimoniate  of  Fbtassa, — A  quantity  of  antimonic 
acid  was  first  prepared,  to  which  was  added  a  solution  of 
caustic  potash,  and  the  mixture  heated  for  a  few  minutes, 
after  which  it  was  set  aside  to  cool,  and  the  clear  liquid 
was  then  decanted  for  use.  With  the  current  from  one  cell 
a  film  of  antimony  of  fairly  good  colour  soon  formed  upon 
a  brass  plate ,  the  proportion  of  the  antimony  acid  which 
had  entered  into  the  liquid  was  not  sufficient,  however,  to 
render  the  solution  of  any  practical  interest. 

22.  Oxalate  of  Antimony  by  Electrolysis. — A  strong  warm 
solution  of  oxalic  acid  was  first  prepared,  and  this  was  elec- 
trolysed with  the  current  from  three  cells.  After  a  few 
minutes'  immersion  of  the  electrodes  an  iridescent  film  of 
antimony  formed  upon  the  brass  cathode.  Very  little 
hydrogen  was  evolved,  the  bubbles  of  which  remained 
stationary  upon  the  plate.  On  rubbing  the  film  with  the 
finger  there  was  eviaence  of  the  presence  of  metallic  anti- 
mony, but  the  acid  appeared  to  have  but  a  trifling  solvent 
action  on  the  anode. 

23.  Nitrate  Antimony  by  Electrolysis. — A  solution  of 
nitric  acid  was  first  formed  by  mixing  one  part  by  measure 
of  nitric  acid  with  nine  volumes  of  water,  in  which  was 
placed  an  antimony  anode  and  a  brass  cathode.  The  cur- 
rent from  two  cells  was  used,  and  after  a  few  minutes  a 
grey  powder  was  found  to  have  deposited  upon  the  anode, 
which  gradually  accumulated  and,  falling  off*  the  plate, 
deposit^  at  the  bottom  of  the  vessel.  At  the  same  time 
a  slight  film  of  antimony  appeared  upon  the  brass  plate. 
The  results  from  this  solution  were  not,  however,  of  a 
satisfactory  nature. 

24.  Electrolytic  Orystais  of  Antimony. — Having  a  desire 
to  obtain,  if  possible,  metallic  crystals  of  antimony  by 
electrolysis,  in  the  same  way  as  that  in  which  I  had  ob- 
tained crystals  of  tin  and  lead  recorded  in  former 
pa|)ers,  I  laid  a  plate  of  glass  in  a  shallow  dish,  pour- 
ing into  the  vessel  a  sufficient  quantity  of  a  strong 
solution  of  terchloride  of  antimony  to  entirely  cover 
the  glass  plate.  An  anode  of  antimony,  connected  to 
a  couple  of  Daniell  cells,  was  then  placed  at  one  end  of 
the  glass  plate  and  resting  upon  it,  while  the  end  of  the 
negative  wire  of  the  battery  was  placed  at  the  opposite  end 
of  the  plate,  the  respective  electrodes  being  thus  immersed 
in  the  terchloride  solution  to  the  depth  of  about  ^th  of  an 
inch.  Under  this  arrangement  the  electrolytic  action  was 
allowed  to  proceed  without  interruption  for  about  48  hours, 
at  the  end  of  which  period  a  crop  of  crystals  was  found  to 
have  formed  upon  the  glass  plate,  extending  from  the  point 
of  the  negative  wire  to  about  2in.  beyond  in  the  direction 
of  the  anode.  The  crystals,  which  were  about  i^^nd  of  an 
inch  in  thickness,  assumed  a  coral  like  form,  and  were 
exceedingly  brilliant.  They  were,  however,  very  brittle,  and 
it  required  some  care  to  remove  them  from  the  plate, 
although  the  metal  presented  a  very  solid  appearance. 
Further  attempts  were  made  in  this  direction  with  a  view 
to  obtain  crystals  which  could  be  employed  as  negatives  for 
obtaining  photographic  prints,  as  1  had  done  in  the  case  of 
lead  and  tin  crystals,  but  the  metal  invariably  deposited  in 
too  solid  a  form  for  the  purpose. 

25.  Sulphates  of  Antimony  wnd  Ammonium. — ^To  form  a 
bath,  moderately-strong  solutions  of  sulphate  of  antimony 
and  sulphate  of  ammonia  were  mixed,  and  the  liquid  then 
electrolysed  with  the  current  from  two  Daniells,  when  a 
deposit  of  antimony  soon  formed  upon  a  brass  plate.  After 
a  short  immersion,  however,  the  film  assumed  a  dark  colour, 
when  it  was  deemed  advisable  to  remove  a  considerable 
portion  of  the  anode  from  the  solution,  when  the  deposition 
proceeded  more  favourably.  The  anode,  however,  appeared 
to  be  somewhat  slowly  attacked  during  the  electrolysis, 
rendering  the  solution  an  unfavourable  one  for  the  deposi 
tion  of  the  metal  for  practical  purposes. 


26.  Antimony  in  Bisulphate  of  Potassa  by  Eleetrdysii.'-k 
solution  of  bisulphate  of  potassa  was  first  prepared,  in 
which  was  placed  an  antimony  anode  and  a  brass  cathodB, 
:ind  the  current  from  three  cells  allowed  to  pass  through 
I  ho  liquid,  when  in  the  course  of  a  few  minutes  a  film  of 
iiiitimony  deposited  upon  the  cathode,  the  metal  adhering 
firm-y  to  the  brass  surface. 

27.  Terchloride  of  Antimony  by  Electrolysis. — An  electro- 
lyte was  pre^jared  by  mixing  two  parts  of  hydrochloric  acid 
and  one  (lart  nitric  acid,  with  nine  parts  of  water,  by 
measure.  la  this  solution  was  placed  an  antimony  anode 
and  a  brass  cathode  as  before,  and  the  current  from  three 
Daniells  was  then  allowed  to  pass  through  the  liquid,  when 
in  a  few  minutes  after  a  bright  film  of  antimony  formed 
upon  the  brass  pUte.  Shortly  after,  however,  a  brown 
non-reguline  deposit  formed  on  the  surface  of  the  reguline 
film,  which  was  easily  wiped  off  with  the  finger ;  at  the 
same  time,  a  white  deposit  of  oxide  was  found  to 
have  settled  at  the  bottom  of  the  vessel,  which  did  not 
appear  to  redissolve  in  the  liquid. 

(To  be  continued.) 


ALTERNATING-CURRENT  HOTOR. 


The  accompanjdng  cut  illustrates  diagrammatically  an 
alternating-current  motor,  recently  patented  by  Elihu 
Thomson,  of  Lynn.  Mass.  Rotation  in  this  motor  is  due  to 
the  reaction  between  an  alternating-current  field  and  a 
locally  short-cireuited  annature.  This  class  of  motors 
when  running  at  normal  speed,  is  capable  of  sustaining 
s|ieed  in  synchronism,  or  nearly  in  synchronism,  with  the 
alternations  of  the  feeding-wire,  but  is  incapable  of  starting. 

The  invention  consists  in  commencing  to  run  the  motor 
with  a  different  circuit  arrangement  for  its  armature  from 
that  which  it  will  have  under  the  condition  of  steady  nor- 
mal working.  This  primary  condition  is  one  adapted  to 
give  a  torque.  When  up  to  speed  the  motor  is  run  with 
the  armature  on  continually-closed  circuit. 


Fio.  1. 


Fio.  2. 


In  the  accom|)anying  cuts,  Fig.  1  is  a  side  elevation  of  a 
form  of  motor  to  which  the  invention  may  be  applied. 
Fig.  2  is  a  diagram  of  the  cireuits  and  conne<*tiou8  of  the 
apparatus.  In  the  figures,  F  represents  a  laminated  field- 
magnet  frame  having  projections  u|)on  which  are  wound 
coiis,  G,  as  many  as  six  in  number.  These  projections 
extend  inwardly  toward  a  revolving  laminated  armature 
Upon  the  shaft  of  the  machine  is  a  commutator,  K,  consist- 
ing of  six  segments,  each  alternate  segment  being  connected 
so  that  there  are  in  reality  but  two  divisions  of  three  seg- 
ments,  each  fitted  together.  The  armature  coils  are  so  con- 
nected that  if  a  continuous  current  were  passed  through  the 
coils  the  projections  on  the  armature  would  assume  alter 
nately  north  and  south  polarities.  The  field  coils  are  con 
nected  in  a  like  manner.  Now,  if  an  alternating  current  bt 
{lassed  through  the  field  coils,  C,  the  motor  will  not  start  t;< 
rotate,  whether  its  armature  cireuit  be  practicallv  open,  o] 
whether  the  coils  be  on  closed  circuit ;  but  it  will  continii< 
to  rotate  in  either  direction  if  it  is  once  started,  if  the  arnc^a 
ture  coils  are  placed  on  closed  cireuit,  and  the  current  f cm 
to  the  coils,  C,  has  sufficient  energy.  In  the  naoto 
shown,  the  alternating  current  which  passes  throuf^ 
the  field  is  made  at  the  start  to  cireulate  throu^ 
the  armature.  In  the  initial  condition  of  the  motd 
the  brushes  are  set  backward  or  forward  into  proper  po«i 
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tion,  where  the  armature  will  begin  to  rotate.  When  a 
certain  speed  has  been  obtained,  the  motor  is  made  to  assume 
its  normal  working  condition  and  to  continue  its  rotation 
without  the  commutator  by  short-circuiting  the  armature 
by  any  desired  means.  These  changes  of  condition  may 
be  made  by  devices  manually  operated  ;  but  the  inventor 
prefers  to  bring  them  about  automatically  by  the  operation 
of  some  device  responsive  to  tiie  change  of  speed  of  the 
armature. — JFesUm  Electrician, 


THE  IMPORTANCE  OF  ACCUMULATORS  FOR  THE 
ECONOMY  OF  CENTRAL  STATIONS  FOR  ELEC- 
TRIC U6HT. 

BY  DR.   GUSTAV  RASCH,   AACHEN. 

( Concluded  from  page  17.) 

The  curves  1  and  2  have  their  maximum  at  the  point  of 
zero  ampere-hours  capacity,  and  descend  with  increasing 
capacity,  because  the  machinery  becomes  smaller  and 
cheaper,  and  all  the  machines  will  work  under  more  favour- 
able loads.    Curve  3  ascends  with  increasing  capacity,  and 
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if  the  calculations  are  based  upon  the  price  lists  of  Miiller 
and  Einbeck,  exactly  proportional  with  the  capacity.  By 
adding  all  these  ordihates  we  obtain  the  curve  of  the  work- 
ing expenses  (4).  This  curve  firsts  descends  to  a  minimum, 
and  afterwards  slowly  ascends.  It  is  this  minimum  which 
^iveeus  the  economical  ca^iacity  of  the  storage  battery. 
We  have  not  yet  taken  into  consideration  expenses  which 
are  independent  from  the  motive  power.  We  ought,  for 
ioatance,  to  consider  that  a  central  station  without  accumu- 
lators requires  a  larger  staff,  but,  on  the  other  hand,  an  accu- 
mulator pknt  brings  new  expenses  for  apparatus  which 
would  not  be  necessary  for  pure  machine  plant,  so  that  one 
saving  is  equalled  by  an  adaitional  expense. 
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It  seemed  to  me  very  iuteresting  to  make  a  comparison 
between  the  running  of  a  central  station  with  and  one 
without  accumulatirs,  and  I  have  adopted  as  far  as  possible 
the  suppositions  of  Herr  Fritscho. 

Suptiose  the  case  where  the  collecting  copper  bars  at  the 
central  station  require  a  maximum  of  120  kilowatts,  or  100 
yuits  and  1,200  amperes — and  this  energy  must  be  supplied 
if  one  machine  fails  by  the  others,  togeUier  with  not  more 
than  15  per  cent,  overload — if  there  ar^  a^un^ul^tprs  in 


use  the  same  terms  exist  for  the  machines  with  regard  to 
their  overloading,  and  the  storage  cells  must  not  be  dis- 
charged with  more  than  their  maximum  current ;  the  size 
of  the  machine  plant  is  thus  limited. 

Let  us  assume  four  machines  and  a  pure  dynamo  plant, 
three  of  them  must  give  120  kilowatts  with  15  per  cent, 
overloading;  the  normal  output  of  one  machine  therefore  is 

P?^«34,800  watte. 
3x115 

With  accumulators  of  an  economical  capacity » 1,100 
ampere-hours  and  a  maximum  discharging  current  of  330 
amperes,  we  may  reduce  the  dynamo  plant  by  the  capacity 
of  the  accumulators,  33,000  watts ;  the  normal  output  of 
one  dynamo  must  be 

120,000-33,000^^    ^^^^,^ 
3x1-15 


With  accu- 
mulators. 
£760 

880 


Cost  of  Puttino  Down  thb  Plant. 

Without  accu- 
mulators. 

BuUdiugs  X760    

Dynamos (4  at  35  kUowatte)    1,2^0    

, (4  at  26-2      „       )        

Steam-engines  (4  at 66 h. p.) 2,020 

„  (4at40h.p.) 1,620 

BoQeps    2,160    1,736 

Well  and  draining  plant  1,000    1,000 

Apparatus 336    500 

Cables 17,460    17,460 

Accumulators   1,100 


£24,936  £26,036 

According  to  the  suppositions  made  between  depreciation 
and  output  of  the  machines  and  boilers  the  percentage  of 
depreciation  will  be  for 

Without  accu- 
mulators. 

Dynamos  and  steam-engines 6  "2  per  cent.     . 

Boilers 9*6  per  cent. 

and  therefore  the 

WORKINO  EXPBNSKS 

Without  aocu 
mulators. 
Interest,  4  per  cent,  on  capital  out- 

Uy— £24,935  or  £26,035  £997    8    0 

Depreciation — 

Buildinss,  2  per  cent.  15    0 

Wells,  draining,  5  percent. 60    0 

Apparatus,  10  per  cent.   33  10 

Dynamosl^:^  P®*- «>«J-    ^    ® 

^  \6'9  per  cent.    

Steam-engines  (-^2  Sf^°^•        ^^    ^    ^ 
*         15*9  per  cent.... 

\  10 '8  per  cent 

Cables,  5  per  cent. 872  10    0 

Accumulators,  9  per  cent.   

Bianagement  686 


With  accu- 
mulators. 
5 '9  per  cent. 
10*8  per  cent. 


With  accu- 
mulators. 

£1,001    8    0 


0 
0 
0 
0 


16 
60 
60 


0 
0 
0 


0 
0 
0 


61  18  .0 
9512    0 


0    0 


187    8  0 

872  10  0 

99    0  0 

626    0  0 


£3,029    6    0        £3,047  16    0 

Or,  per  hour  without  accumulator,  6s.  lid. ;  with  accumu- 
lator, 7s.  Id. 
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In  this  total  we  have  not  yet  included  the  expenses  for 
coal,  oil,  cleaning  and  lubricating  material,  ete.,  which  may 
be  token  in  accordance  with  the  figures  given  by  Herr 
Fritsche,  except  those  for  the  efficiency  of  the  machines,  as 
this  author  assumes  that  these  costo  increase  proportionally 
with  the  consumption  of  electrical  energy,  which  is  not 
correct  for  the  consumption  of  coal.  I  know  one  dynamo 
of  a  very  good  system  which  is  sold  for  an  output  of  11,500 
watte  iMid  which  re<}uires  1,H0  watte — ^tbat  is,  10  per  cent. 
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of  its  output — ^for  running  without  load.  We,  therefore, 
may  safely  suppose  that  for  the  dynamos  in  our  special 
case  (25,200  and  35,000  kilowatts)  the  energy  wasted  in 
empty  running  is  about  8  per  cent,  of  the  normal  output ; 
if  the  electrical  efficiency  is  92  per  cent.,  the  35-kilowatt 
dynamo  must  receive  a  mechanical  energy  of 

35,000  X  008+  ?M??  =  2,800  +  1'09  x  35,000  = 

0-92 

2,800  +  1-09  X  W, 
where  W  means  the  varying  output,  and  which  equation  is 
given  as  a  curve  in  Fig.  3  ( W  are  the  abscisssB,  the  mechani- 
cal energies  are  the  ordinates). 

The  point  B  shows  the  normal  output  (35  kilowatts), 
then  a  second  dynamo  is  switched  in ;  both  machines  work- 
ing with  half  the  load  require,  therefore,  double  the  amount 
of  mechanical  energy  for  empty  running, 

2  X  (2,800  +  17,500  x  1-09)  =  43,800  watts  (point  A') ; 
if  both  machines  are  fully  loaded  they  require 
2  X  (2,800  +  35,000  x  1*09)  =  82,000  watts  (point  B'). 


^H,  git  ,q1w  ^^  2*   i»*    tf*   a*^  lO'^  12^  2*"  V^    6^ 
Noon.  Night. 
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With  each  machine  additionally  switched  in,  the  curve 
shows  a  jump,  according  to  the  amount  of  the  empty  run- 
ning for  one  machine ;  this  is  still  more  to  be  considered  as 
the  supposition  of  the  8  per  cent  as  above  is  very  moderate, 
and  should  likewise  be  applied  for  the  steam-engines. 

The  coal  consumption  has  next  to  be  taken  into  account, 
and  the  results  are  plotted  in  Fig.  4  and  Fig.  5,  where  the 
abscissaB  are  represented  by  the  energy  available  at  the 
central  station  and  the  ordinates  by  the  prices  in  shillings 
per  hour,  so  that  it  is  possible  to  derive  from  them  and  the 
load  diagrams  mentioned  in  the  beginning  of  this  article, 
the  areas  of  which  represent  the  self  costs  of  the  running 
for  one  day  ;  it  will  be  found  sufficient  only  to  make  this 
calculation  for  three  characteristic  days  (December  22, 
March  22,  and  June  22).  This  is  done  in  Figs.  6,  6a, 
7,  7a,  8,  8a ;  the  calculation  gives 

Without  accum.  With  aocum. 

December  22 £11.  lOs £11.  IGs. 

March  22  £10.178 £10.    36. 

June22 , £10.    Qs,    „....,.  .m      £9.138, 
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PARUAMBMTART. 


On  Monday,  in  the  House  of  Lords, 

The  ]>iikio  of  Mmxlhoitoiugh,  called  the  attention  of  the  House 
to  the  fact  that  the  period  within  which  Her  Majesty's  Govern- 
ment oan  serve  notices  to  terminate  the  existing  licenses  to 
the  National  Telephone  Company  expiree  the  end  of  this 
month,  and  to  move,  *'  That  in  consecjuence  of  the  recent 
declaration  of  the  Postmaater-Qeneral  in  another  place  that 
the  Poet  Office  do  not  intend  to  undertake  the  work  of  the  tele- 

ghone  as  a  branch  of  that  department,  it  is  advisable  that  licenses 
e  granted  to  responsible  parties  who  will  be  willing  to  undertake 
the  business  of  forming  new  telephone  companies  on  the  expiry 
of  the  present  patents  owned  b^  the  National  Company ;  and  that 
competition  is  advisable  in  the  mterests  of  the  public  in  order  that 
the  present  exorbitant  rates  may  find  their  proper  leveL"    The 
noble  duke  said  that  in  answer  to  questions  ne  nad  put  in  that 
House  the  Marquis  of  Salisbury  had  said  that  the  matter  was  one 
of  great  public  importance,  and  that  it  would  be  considered  at 
some  time  during  this  year,  and  afterwards  the  noble  marquis  had 
said  that  the  matter  was  under  the  consideration  of  the  Govern- 
ment, who  had  not  come  to  any  decision  as  to  the  line  they  would 
adopt.    Subsequently,  in  the  other  House,  the  Postmaster-General 
was  asked  whether  the  Government  intended  to  exercise  their 
powers  to  buy  up  the  licenses  and  the  telephones,  and  the  answer 
was  tliat  the  Government  had  no  such  intention.    The  question 
arose  whether  the  adnussion  of  the  Prime  Minister  that  the  matter 
was  one  of  great  public  importanoe  did  not  call  for  some  further 
statement  on  the  part  of  toe  Government.    Their  lordships  must 
be  more  or  less  familiar  with  Uie  uses  to  which  telephones  could  be 
and  were  applied.   There  were  telephones  in  nearly  every  consider- 
able town  on  the  Continent.    In  Paris  there  must  oe  three  or  four 
times  as   many   subscribers  to   telephones  as   there   were    in 
London.    The  comparative  absence  of  telephones  in  London  was 
partly  due  to  the  amount  of  money  paid  for  patents  and  in  the 
n>rmation  of  companies,  and  partly  to  the  want  of  facilities  for 
extending  the  operations  of  the  companies.    When  the  telephone 
was  first  mtroduced  the  company  owning  it  obtained  a  peculiar 
license  from  the  Government.    It  was  a  license  for  90  years  to 
carry  on  business  under  certain  restrictions  and  regulations,  and 
the  Government  reserved  the  power  to  buy  up  the  interests  of  the 
companies  every  seven  years  on  giving  a  prescribed  notice.    The 
company  agreed  to  pay  to  the  Poet  Omce  a  royalty  of  10  per  cent, 
of  tneir  gross  receipts^  and  the  company  undertook    tnat  they 
would  neither  sell  nor  assicrn  nor  dispose  of  their  powers  without 
the  consent  in  writing  of  tne  Postmaster-GeneraL    Any  difference 
of  opinion  between  the  Government  and  the  companies  as  to  the 
valuation  of  their  property  was  to  be  settled  by  arbitration ;  and 
the  valuation  was  to  include  powers,  privileges,  works,  and  other 
property,  but  nothing  was  said  as  to  plant,  goodwill,  or  unearned 
mcrement.    As  the  Government  did  not   give    the   prescribed 
notice   on     June    90    last,    to    expire    on     Deoemmr   31,    it 
would   now    be    December,    1887,    oefore   they   could   acquire 
the  telephones.     No  one  with  any  practical  experience  would 
venture  to  say  what  the  Government  might  be  called  upon  to  pay, 
whether  it  would  be  one  million  or  four  millions.    It  would  be 
a  public  ben^t  if  the  Government  would  aocjuire  the  whole  tele- 
phone system  at  a  cost  of  two  or  three  millions,  so  as  to  enable 
them  to  enlaive  the  facilities  for  inexpensive  telephonic  communica- 
tion ;  but  as  the  Government  woula  not  do  this,  the  public  must 
look  to  the  present  companies.    The  United  Telephone  Company, 
which  obtained  the  license  from  the  Government,  had  paid  high 
dividends,  and  they  had  pooled  their  interests  with  other  compa- 
nies.   This  comcAuy  possessed  all  the  Bell  patents,  for  which  they 
paid  £370,000.    The  company  formed  subsidiary  companies — the 
Lancashire  and  Yorkshire,  the  National,  and  one  or  two  others — 
each  of  which  had  its  own  capital.  When  the  telephone  was  proved 
to  be  a  success,  the  shares  of  the  United  Company  went  up  from 
£5  to  £15,  and  the  shares  of  the  subsidiary  companies,  in  which 
the  original  company  had  large  holdings,  also  advanced  consider- 
i^ly.    A  remonstrance  was   issued   hf  the  Postmaster-General 
against  these  transactions,  which  was  in  direct  contravention  of 
the  clause  in  the  license  against  the  sale  or  assignment  of  the  com- 
pany's interests.    The  charge   for   a  telephone  in  London  was 
£20  a  year,  whereas  the  average  charee  for  one  in  all  the  Euro- 
pean   capitals   was   £6   a   year,    and   the    English    telephones 
tong  connected  with  single  wires  only  were  so  subject  to  inductive 
and  other  disturbances  that  they  were  practically  useless.    To 
make  them  of  real  value  they  should  be  worked  by  means  of  double 
wires.    If  the  houses  in  the  West-end  had  a  good  telephone  ser- 
vice it  would  save  an  enormous  amount  of  correspondence,  but  in 
order  to  obtain  an  efficient  service  there  ought  to  be  competition. 
In  the  face  of  the  agreement  that  the  Awtmaster-General  had 
entered  into  with  the  National  Telephone  Company  it  would  be 
most  unfair,  most  unjust,  and  most  improper  for  his  department 
to  enter  into  competition  with  the  existing  telephone  companies, 
but  that  was  no  reason  why  he  should  not  grant  licenses  to  new 
companies  who  would  probablv  make  use  of  improved  telephone 
systems  much  to  the  public  advantage.    Notwithstanding  the  fact 
tnat  the  National  Telephone  Company's  capital  had  beien  what 
was  vulgarly  termed  "  watered  "  to  the  extent  of  £2,000,000,  the 
price  of  their  shares  was  still  going  up,  which  showed  that  the 
tele^one  business  was  a  very  paying  one.    He  thought  that 
the  House  was  entitled  to  a  clear  statement  on  this  subject  from 
Her  Majesty's  Government  as  to  what  policy  they  intended  to 
adopt  with  regard  to  telephones  in  the  future.     He  should  like  to 
suggest  that  we  Postmaster-General  should  keep  the  main  tele- 
phone lines  throughout  the  kingdom  lo  his  Qwn  hands,  and  shQul4 


allow  various  companies  to  supply  the  local  demands.    He  begged 
to  make  the  motion  which  stooa  upon  the  paper  in  his  name. 

In  reply,  the  Xarl  of  JenaF  sidd  that  the  subject  to  which  the 
noble  duke  had  called  attention  was  one  of  considerable  interest, 
because  any  improvement  in  the  means  of  our  communication  was 
always  welcome  to  the  public.  It  was  not  necessary  that  he 
should  fellow  at  any  lengtn  the  remarks  of  the  noble  duke,  neither 
did  he  feel  called  upon  either  to  defend  or  to  attack  the  existing 
companies.  He  had  observed  that  the  noble  duke  had^  placed  a 
3onstruction  upon  t^e  answer  of  the  Postmaster-General  in  another 
place  which  it  could  hanily  be  said  to  bear.  The  Postmaster- 
General  had  said  that  the  Government  did  not  intend  to 
give  notice  to  purchase  the  undertakings  of  the  telephone 
companies  at  the  end  of  the  year,  but  that  answer  did  not  debar 
the  Post  Office  from  undertaiking  telephonic  work  in  cases  where 
it  might  be  thought  necessary  or  desirable.  The  Government  did 
not  intend  to  adopt  the  poliqr  of  purchase  by  the  State  of  the  tele- 
phone companies.  To  do  so  would  be  to  involve  the  State  in  a 
gigantic  enterprise  into  which  the  Government  were  not  prepared 
to  enter.  The  Government  intended  to  grant  licenses  to  new 
companies  which  might  apply  for  them,  but,  of  course,  each  com- 
pany would  have  to  show  tliat  it  was  fl^le  to  undertake  the  work 
tor  which  it  applied.  The  most  important  patent  rights  which 
gave  a  sort  of  monopoly  to  the  present  companies  would  expire  in 
the  middle  of  next  year,  and  then  competition  would  most  likely 
arise,  and  in  that  way  the  public  woula  reap  with  the  least  risk 
the  benefits  which  the  noble  duke  anticipated.  He  trusted  that 
the  noble  duke  would  be  satisfied  with  the  statement  he  bad 
inade,  and  would  withdraw  his  motion. 

The  Doke  of  Kailboroiigh  then  asked  leave  to  withdraw  his 
motion. 

The  motion  was  by  leave  withdrawn. 


LEGAL   INTELLIGENCE. 


EXPERIMENTAL  LUBRICATING. 

In  the  Westminster  County  Court,  on  Thursday,  July  3,  the  case 
of  Bolt  V.  The  London  Electric  Supplv  Corporation  came  on  for 
hearing  before  His  Honour  Judge  Bayley. 

The  action  was  brought  by  Messrs.  Bolt  Bros,  and  Ga,  tho 
wc^-known  manufacturers  of  lubricating  oils,  to  recover  the  sum 
of  £42,  12s.  8d.  for  oil  supplied  to  the  dttendant  company. 

Mr.  Redman  was  counsel  for  the  plaintiff,  while  Mr.  I^ch  con- 
ducted the  case  on  behalf  of  the  deiendant  company. 

Mr.  Lyaoh  took  a  preliminary  objection  to  one  portion  of  the 
claim  on  the  ground  tnat  the  action  was  brought  in  respect  of 
gooda  sold  and  delivered,  while  as  a  matter  of  fact  some  of  the 
goods  never  had  been  delivered. 

Hla  Honour  decided  not  to  adjudicate  upon  that  portion  of  the 
daim,  and  it  was  thus  reduced  to  £21.  12b.  8d. 

In  opening  the  plaintiffs'  case  Mr.  Be^maii  SMd  his  clients  were 
laige  suppliers  of  lubricating  oils  for  electrical  machinery,  and  were 
the  inventors  of  a  special  ou  known  as  "  valdoline,"  which  was  a 
mixture  of  mineral  and  vegetable  oil.  In  November,  1888,  com- 
munications were  opened  up  between  the  parties  with  a  view  to 
making  certain  experiments  upon  the  machinery  at  the  defendaota' 
Grosvenor  Gallery  depot.  Subsequently,  an  agreement  waa  entered 
into  by  which  the  plamtiffis  undertook  to  lubricate  the  defendants' 
machinery  with  tjieir  special  oil  for  a  term  of  one  month,  in 
order  to  test  its  efficacy.  The  experiments  were  arranged 
to  commence  on  March  7«  and  the  plaintiffs  were,  by  the 
agreement,  to  be  paid  a  sum  of  £50  for  the  month.  One 
hundred  gallons  of  oil  were  sent  into  the  defendants'  depob 
and  the  experiments  were  duly  proceeded  with,  but  turned  out  to 
be  unsatistactory,  and  were  discontinued  the  same  evening,  and  not 
afterwards  proceeded  with.  The  plaintiffs'  case  was  that  although 
the  trial  proved  a  failure,  it  was  not  due  to  any  fault  of  the  oil, 
but  was  wholly  due  to  the  inadequate  tank  provided  for  it.  The 
oil  had  to  be  mixed  with  a  certain  quantity  of  water,  and  for  that 
purpose  it  was  necessary  to  have  a  large  tank  fixed  above  the 
macminery,  but  the  tank  fixed  by  the  defendants  was  so  small  that 
the  oil  ran  over,  and  some  50  flnllons  were  wasted.  The 
amount  of  oil  and  water  which  could  oe  placed  in  the  tank  at  one 
time  was  utterly  inadequate  to  feed  the  machinery,  and  the  conse- 
quence  was  that  the  bearings  got  hot. 

Mr.  Cteaten  said  he  was  the  London  manager  to  the  pUdntiiBfo' 
firm.  He  saw  Mr.  Sparks,  the  engineer  to  the  defendant  com- 
pany, and  arranged  to  prepare  the  special  oil  for  the  purpose  of 
experimenting.  He  was  quite  satisfied  that  so  far  as  the  oil  was 
concerned  the  trial  would  nave  been  an  unqualified  success,  and  it 
was  due  only  to  the  defendants  themselves  that  the  matter  f^ 
through.  Ten  drums  of  valdoline  were  supplied,  and  all  of  them 
had  been  returned  empty,  although  nothing  like  that  quantity  of 
oU  was  used  in  the  experiment. 

Mr.  Alfred  Beary  Walton,  a  mechanical  engineer,  said  that 
valdoline  was  very  extensively  used  for  electri<»J  purposes,  but 
was  usually  mixed  with  water.  In  his  opinion,  the  experiment 
ought  to  have  been  eminently  satisfactory. 

For  the  defence,  Mr.  Lyncdi  submitted  that  in  face  of  the  exist- 
ing written  contract  between  the  parties,  tiie  plaintiffs  were  not 
entitled  to  recover  anything,  but  his  clients  had  paid  £1.  18b.  into 
court  as  payment  for  the  one  day  upon  which  the  plainti£b  were 
engaged  upon  the  experiments.  A  written  contract  was  made  by 
the  defendants,  and  ratified  by  the  plaintiffs,  by  which  the  latter 
undertook  to  carry  out  this  experiment  for  a  term  of  one  month, 
fmd  for  their  seryio^V  they  wer^  to  receive  a  axm  of  £50,  but  the 
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defendants  reserved  to  themselves  the  rieht  of  terminating  the 
experiments  at  any  moment,  if  they  provea  to  be  nnsatisfaotory, 
withont  incurring  any  liability.  Those  terms  were  accepted  by 
the  plaintiflb,  ana  the  work  was  duly  commenced,  but  turned  out 
to  be  a  disastrous  failure,  and  the  defendants,  exercising  their 
right  under  the  agreement,  refused  to  allow  the  experiments  to 
proceed.  The  defendants  themselves  had  been  put  to  a  loss  of 
somethlnf^  like  £100,  and  now  they  were  to  be  called  upon  to  pay 
a  sum  wluch  was  entirely  contrary  to  the  terms  of  the  agreement. 
He  (Mr.  Lynch)  ventured  to  submit  that  there  was  not  the 
slightest  ground  for  the  claim  set  up  bv  the  plaintiflfs,  which  was 
only  done  so  as  an  afterthought,  when  tney  found  that  they  would 
not  be  allowed  to  proceed  with  the  experiments.  On  those  grounds 
he  (Mr.  Lynch)  should  submit,  with  the  greatest  confidence,  that 
he  was  entitled  to  a  non-suit. 

Without  hearing  any  evidence  for  the  defence,  His  Honour  said 
he  could  not  see  how  Uie  plsdntifb  could  claim  for  these  goods  as 
goods  sold  and  deliverect.  They  were  desirous  of  making  these 
experiments,  and  for  that  purpose  a  quantity  of  oil  was  necessary, 
but,  according  to  the  terms  of  the  agreement,  plainti£b  were  not 
to  be  paid  umess  the  trial  was  successful.  It  was  evident  from 
what  nad  been  said  by  the  witnesses  that  the  trial  was  a  failure, 
and  that  being  so  he  (the  learned  judge)  did  not  see  how  the 
plaintiffs  could  recover ;  therefore  there  must  be  a  non-suit. 
\  Lyneh:  With  costs? 
Yes. 


COMPANIES'  MEETINGS. 


WEST  AFRICAN  TELEGRAPH  COMPANY,  LIMITED. 

The  fifth  ordinary  general  meetmg  of  this  Ck>mpany  was  held 
last  week  at  Winohestor-house,  Old  Broad-street. 

Sir  John  Pander,  who  presided,  stated  that  the  gross  revenue 
for  the  year  ended  December  last  had  been  £64,661,  or  £9,346  in 
excess  of  that  of  the  previous  year.  This  increase  bad  been  derived 
almost  entirely  from  traffic  exchanged  with  South  Africa.  Oom- 
mnnication  between  the  Company's  line  and  Cape  Town  was 
established  on  June  4,  1889,  so  that  in  that  year  they  had  had  the 
benefit  of  this  traffic  for  only  about  seven  months.  As  the  South 
African  traffic  was  worked  under  a  joint  purse  agreement  between 
the  Eastern,  the  Eastern  and  South  African,  the  Brazilian  Sub- 
marine, the  Spanish  National,  and  the  West  African  Companies, 
as  long  as  the  communication  was  maintained  by  either  coast  of 
Africa  their  revenues  were  secured.  The  total  expenses  of  the 
Company  in  the  past  year  had  been  £21,155,  or  £1,139  in  excess  of 
those  of  1888.  Ijiey  were  enabled  to  recommend  a  dividend  of  5 
per  cent,  for  the  year,  to  charge  repairs  and  renewals  to  revenue 
account,  and  to  carry  £16,145  to  general  reserve  fund.  He  believed 
that  their  Company  would  play  a  very  important  part  in  the  future 
of  submarine  telegraphy.  If  the  Dark  Continent  was  to  be  opened 
up  they  were  prepared  to  do  their  part  in  the  development  of  the 
country.  He  odieved  that  the  result  of  the  late  Telegraph  Con- 
ferenoe  in  Psyris  was  that  the  cable  companies  now  held  a  higher 
position  than  ever.  On  the  whole  they  were  fairly  treated  ;  but 
at  the  same  time  the  tendency  was  always  towards  reductions  of 
rates,  whi(^,  however,  it  should  not  be  forgotten,  very  often  led 
to  increased  traffic.  He  concluded  by  moving  the  adoption  of  the 
report  and  the  payment  of  a  dividend  of  6s.  6d.  a  share,  making, 
with  the  interim  dividend,  5  per  cent,  for  the  year. 

Blr  James  Anderaon  seconded  the  motion,  which  was  carried 
onanimously. 


NEW  COMPANIES  REGISTERED. 


a.  Z.  de  9mmmUt  Umited. — ^Registered  by  Ingledew,  Ince,  and 
Colt,  St.  Benet>chambers,  Fenchun^-street,  E.C.,  with  a  capital 
of  £100,000  in  £10  shares.  Object:  to  acquire  any  electrical  busi- 
ness, and  the  benefit  of  any  patents  relatmg  thereto,  and  also  to 
carry  on  the  business  of  manufacturing  engmeers.  The  first  sub- 
scribers are: 

Shares. 

8.  Z.  de  Ferranti,  Charterhouse-square 1 

F.  Ince,  St.  Benet-chambers,  E.C. 1 

C.  P.  Sparks,  Charterhouse-square,  E.C 1 

F.  W.  Hunter,  2,  Dashwood-road,  Stroud  Green 1 

A.  Wright,  3,  Clement*s-road,  Bxiehton   1 

H.  W.  KoUe,  ECTemont,  Tulse-hill..  *•.  ....«•. 1 

O.  B.  Ince,  St.  Benet-chambers,  E.C 1 

There  shall  not  be  lets  than  two  nor  more  than  five  Directors.  The 
first  are  S.  Z.  de  Ferranti,  Francis  Ince,  and  Charles  Pratt  Sparks. 
Qualification,  100  shares.  Remuneration  to  be  determined  in 
general  meetiDg. 

Barnr  ^Bd  Cardiff  Xleetiie  Xdglit  and  Power  Supply  Com- 
pany, XJmlted. — ^Registered  by  Fox  and  Thicknesse,  11,  Abchurch- 
lane,  E.C.,  with  a  capital  of  £1,000  in  £1  shares.  Object :  to 
carry  on  Uie  business  of  electrical  engineers. 

Bristol  Beotvlalty  Supply  Compaay,  Limited.— Registered  by 
S.  Morse,  4,  Fenchnrch-avenue,  E.C.,  with  a  capital  of  £100  in  £1 
shares.  Object :  to  carry  on  the  business  of  electrical  engineers. 
The  regulations  contained  in  Table  A,  with  slight  modifications, 
apply. 


Camberwell  a&d  lellagtoB  Beetrto  Xdglit  and  Power  Supply 
Company,  lamlted. — Registered  by  Fox  and  Thicknesse,  11, 
Abchurch-lane,  E.C,  with  a  capital  of  £1,000  in  £1  shares. 
Object :  to  carry  on  the  business  of  electrical  engineers. 

Canterlmry  Beotrlelty  Supply  Company,  Umlted, — ^Re^- 
tered  by  Sydney  Morse,  4,  Fenchurch-avenue,  E.C.,  with  a  capital 
of  £100,  in  £1  shares.  Object :  to  carry  on  business  as  electrical 
engineers,  etc.  The  regulations  of  Table  A,  with  slight  modifies- 
tions,  apply. 

Cardiff  Xleotrlolty  Supply  Company,  Titmlted — Registered  by 
S.  Morse,  4,  Fenchurch-avenue,  E.C,  with  a  capital  of  £100  in  £1 
shares.  Object :  to  carry  on  the  business  of  electrical  engineers. 
The  regulations  in  Table  A,  with  slight  modifications,  app^. 

Deyoaalilre  Xleotrlo  Light  and  Power  Supply  Company, 
Xdmlted. — Registered  by  Fox  and  Thicknesse,  11,  Abchurch-lane, 
E.C,  with  a  capital  of  £1,000  in  £1  shares.  Object :  to  carry  on 
the  business  of  electrical  engineers. 

Cast  Coaat  Xleotrlo  Light  and  Power  Supply  Company. 
Limited. — Registered  by  Fox  and  Thicknesse,  11,  Abchurch-lane, 
E.C,  with  a  capital  of  £1,000,  in  £1  shares.  Object :  to  carry  on 
the  business  of  electrical  engineers. 

Banley  (StafRDTdShlre)  Xleotrlelty  Supply  Company. — ^Regis- 
tered by  S.  Morse,  4,  Fenchurch-avenue,  E.C.,  wit^  a  capitiu  of 
£100in£l  shares.  Object :  to  carry  on  the  business  of  electrical  engi- 
neers. The  regulations  contained  in  Table  A,  with  slight  moai- 
fications,  apply. 

Zpswleh  Beetrlelty  Snpply  Company,  Limited.— Registered 
by  S.  liilorBe,  4,  Fenchurch-avenue,  E.C,  with  a  capital  of  £100  in 
£1  shares.  Object :  to  canyon  the  business  of  electrical  engineers. 
The  regulations  contained  in  Table  A,  with  slight  modifications, 
apply. 

Kent  Paitent  Are  Lamp  Company,  Limited. — This  is  the 
title  of  an  undertaking  registered  with  a  capital  of  £10,000  in  £5 
shares,  to  acquire  any  patents,  lisences,  or  concessions  in  connec- 
tion with  electric  or  otner  lighting  or  illuminating  purposes,  in 
accordance  with  an  agreement  made  between  Messrs.  J.  £ent  and 
Salter. 

Kidderminster  Sleotrlo  Llcht  and  Power  Supply  Company, 
Limited. — Registered  by  Fox  and  Thicknesse,  11,  Abchurch-lane, 
E.C,  with  a  capital  of  £1,000,  in  £1  shares.  Object :  to  carry  on 
the  business  of  electrical  engineers. 

Loughboro'  Xleotrlolty  Supply  Company,  Limited. — Registered 
by  S.  Morse,  4,  Fenchurch-avenue,  E.C.,  with  a  capital  of  £100, 
in  £1  shares.  Object :  to  carry  on  the  business  of  electrical  enei- 
neors.  The  regulations  contained  in  Table  A,  with  slight  modifi- 
cations, apply. 

Ifantiieater  Beotrtolty  Supply  Company,  Limited. — Registered 
by  S.  Morse,  4,  Fenchurch-a\enue,  E.C.,  with  a  capital  of  £100, 
in  £1  shares.  Object :  to  carr^  on  the  business  of  eiectrioal  en^- 
neers.  The  regulations  contained  in  Table  A,  with  sUght  modifi- 
cations, apply. 

New   Cadogan   and   Belgraye    Kleotrlo   Supply   Company, 

Limited.— Registered  by  Brook,  Freeman,  and  Batley,  89, 
Chancery-lane,  W.C,  with  a  capital  of  £1,000  in  £10  shares. 
Object :  to  carry  on  the  business  of  electrical  engineers,  etc. 

Northern  Counties  Xleotrle  Idght  and  Power  Supply  Com- 
pany, Limited. — Registered  by  N.  Jennings,  13,  Victoria-street, 
S.W.,  with  a  capital  of  £1,000,  in  £1  shares.  Object:  to  carry  on 
the  business  of  electrical  engineers,  etc. 

Paddlngton  and  Bayawater  Kleotrlo  Light  and  Power  Supply 
Company,  Limited. — Registered  by  N.  Jennings,  13,  Victoria- 
street,  S.\V.,  with  a  capital  of  £1,000,  in  £1  shares.  Object:  to 
carry  on  the  business  of  electrical  engineers,  etc. 

Penaanoe  Xleetrlolty  Supply  Company,  Limited. — ^Registered 
by  S.  Morse,  4,  Fenchurch-avenue,  E.C,  with  a  capital  <3  £100, 
in  £1  shares.  Object :  to  carry  on  the  business  of  electrical  en^- 
neers.  The  regulations  contained  in  Table  A,  with  slight  modifi- 
cations, apply. 

FroTlnolal  Xleotrle  Light  and  Power  Supply  Company, 
Limited.— Registered  by  Fox  and  Thicknesse,  11,  Abchurch* 
lane,  E.C,  with  a  capital  of  £1,000  in  £1  shares.  Object :  to 
carry  on  the  business  of  electrical  engineers. 

Stamford  HUl,  Tottehham,  and  Kdmonton  Xleotrle  Light  and 
Power  Supply  Company,  Limited.— Registered  by  Fox  and 
Thicknesse,  11,  Abchurch-lane,  E.C,  with  a  capital  of  £1,000  in 
£1  shares.  Object :  to  carry  on  the  business  of  electrical  engineers. 

Weston-anper-llare  Xleotrlolty  Supply  Company,  Limited. — 

Registered  by  S.  Morse,  4,  Fenchurch-avenue,  E.C,  with  a  capi- 
tal of  £100  in  £1  shares.  Object :  to  carry  on  the  business  of  elec- 
trical engineers.  The  regulations  contained  in  Table  A,  with  slight 
modifications,  apply. 

Weymouth  Xleotrlolty  Supply  Company,  Limited.  -Registered 
by  S.  Morse,  4,  Fenchurch-avenue,  E.C,  with  a  capital  of  £100, 
in  £1  shares.  Object:  to  carry  on  the  business  of  electrical  enj^- 
neers.  The  regulations  oontained  in  Table  A,  with  slight  modifi- 
cations, apply. 

Woolwloh  Dlatrlot  Xleetrlo  Light  Company,  Limited.— Regis- 
tered by  George  Whale,  54,  Cannon-street,  E.C,  with  a  capitsi  of 
£10,000,  in  £1  shares.  Object :  to  carry  on  the  business  of  an 
electric  light  company.    Registered  without  artioleB  of  association. 
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CITT   NOTES. 


Dlreot  89MdA  Chwnpany. — The  traffic  caoeipts  for  June  were 
£2,066,  against  £1,600. 

Bnwnbui  Snlimarliie  Telegraph  fkimpany^— The  receipts  for 
the  week  ended  July  4  amounted  to  £4,481. 

Titogmph  CeoBatmetleii  and  Kaintewanee  Cempaay, 
fitmlted  —An  interim  distribution  of  12b.  per  share  is  announced 
by  this  Company. 

Great  Nortlieni  Telegrapli  Gonpany.— The  receipts  for  June 
were  £24,600,  making  an  aggregate  of  £190,400,  against  £129,400 
in  1889,  and  £132,000  in  18%. 

diaage  of  Firm.-— The  title  of  the  firm  known  as  Laurence, 
Paris,  and  Scott,  Limited,  of  Korvrioh,  has  been  changed  to  that  of 
Messrs.  Laurence,  Scott,  and  Co.,  Limited. 

Oalia  Bnlimarlne  Telegraph  fkimpany. — ^The  estimated  receipts 
for  June  were  £3,300,  as  compared  with  £3,397  in  the  correspond- 
ing month  of  hist  year.  The  receipts  for  March,  estimated  at 
£4,000,  realised  £4,018. 

• 

Western  and  Bnudllaa  Telegrapli  Company,  Limited. — The 
receipts  for  the  week  ended  July  4,  after  deducting  the  fifth  of 
the  gross  receipts  payable  to  the  London  Platino- Brazilian  Tele- 
gTKpli  Company,  were  £3,451. 

South  of  ttiglawd  Telephone  Company,  Mmlted  —The  Direc- 
tors, in  their  report  for  the  year  ended  April  30,  recommend  a  divi- 
dend of  i  per  cent.,  after  placing  £1,000  to  reserve,  leaving  a 
balance  of  £382  to  be  carried  f orwud. 

F.  SLBoyee  and  Co. — This  firm,  whose  works  are  at  Cook-street, 
Huhne,  Manchester,  have  sent  us  their  revised  price  list  of  dy- 
namos. Messrs.  Royce  state  that  they  will  be  pleased  to  send  a 
copy,  post  free,  upon  application  to  anyone  interested  in  the  sub- 
ject of  dynamos. 

Sastem  Telegraph  Company,  Limited. — This  Company  state 
that  the  accounts  show,  after  placing  about  £120,000  to  reserve 
fund,  a  balance  available  sufficient  to  pay  the  fixed  dividend  of 
3s.  per  share,  beine  at  the  rate  of  6  per  cent,  per  annum  on  the 
preterenoe  shares,  less  income  tax,  and  a  final  payment  of  2b.  6d. 
per  share,  with  a  bonus  of  3s.  per  share,  both  tax  free,  on  the 
ordinary  shares,  making,  witii  previous  payments,  a  total  distri- 
bution of  6i  per  cent,  on  those  shares  for  tne  year  ended  March  31. 

Companies  of  the  Month. — ^The  following  electrical  companies 
were  registered  during  the  past  month : 

Beales,  Limited,  £1  shares.... 75,000 

Bristol  Electricity  Supply  Company,  Limited,  £1  shares.  100 

Column  Printing  Telegraph  Company,  Limited,  £1  shares    100,000 
Camberwell  and  Islington  Electric  Light   and  Power 

Company,  Limited,  £1  shares 1,000 

Canteroury  Electricity  Supply  Company,  Limited,  £1 

shares 

Cardiff  Elec^city  Supply  Company,  Umited,£l  shares... 
Devonshire  Electric  Light  and  Power  Company,  Limited, 

£1  shares 

Eiast  Coast  Electric  Light  and  Power  Ck>mpanya  L^ted, 

£1  shares 

Hanley  Electricity  Supplv Company,  Limited,  £1  shares. 
Ipswidi  Eleotricitv  Supply  Company,  Limited,  £1  shares 
Kidderminster  Electrto  Light    and  Power  Company, 

limited,  £1  shares   

Loughborough  Electricity  Supfdy  Company,  Limited, 

£1  shares 

Manchester  Electricity  Supply  Company,  Limited,  £1 

shares 

Northern  Counties  Electric  Light  and  Power  Company, 

Limited,  £1  shares   

Paddington  and  Bavswater  Electric  Light  and  Power 

Company,  Limited,  £1  shares 

Provincial  Electric  light  and  Power  Company,  Limited » 

£1  shares 

S.  Z.  de  Ferranti,  Limited,  electricians,  £10  shares  .  ..... 

Stamford-hill,  Tottenham,  and  Edmonton  Electric  Light 

and  Power  Compuiy,  Limited,  £1  shares  

Thetford  Electric  Light  and  Power  Company,  Limited, 

£10  shares  

Weston-super-Mare      Electricity     Supply     Company, 

Limited,  £1  shares   

Weymouth  Electricity  Supply  Company,   Limited,  £1 

shares  

Woolwich  IHstrict  Electric  Light  Company,  Limited,  £1 

shares  


100 
100 

1,000 

1,000 
100 
100 

1,000 

100 

100 

1,000 

1,000 

1,000 
100,000 


1,000 

5,000 

100 

100 

10,000 


PROVISIONAL  PATENTS,  1890. 


July  1. 

10126.  IBsprovemants  in  tfleetrto  ent-onts  or  appaaratna  ibr  oon- 
troUlngthefloweronnrenteofeleotrleal  energy.  James 
liconard  Kimball  and  Herbert  Clarence  Wirt,  55,  Chancery- 
lane,  London.    (Complete  specification.) 

10181.  Improvementa  in  aeeondary  hatterlee.  Theodore 
Marshall  Foote,  45,  Southampton-btiildings,  London* 
(Complete  specifiaation.) 


0134.  taprevementa  In  cowered  or  Inwilatad  eleolrle  eaUes 
or  oendvotora*  and  a  oompetand  therefnr.  James  Tate 
Johnson,  47.  Linooln's-inn-fields,  London.  (John  Haven 
Cheever,  United  States.)    (Complete  specification.) 


0137.  OMalnIng  motive  power  Iqr  a  mettied  and  mi 
paratna  in  eenneetlon  with  any  neehanieal  ei 
motor,  or  oomMnatton  of  both.    Philip  Homy  Williams, 
Egham,  Surrey. 

0183.  Xmprovementa  in  eieetrieal  ont-oata»  and  flztoree  oohp 
neeted  therewith.  Henry  Harris  Lake,  45,  Southampton- 
buildings,  London.    (Sigmund  Bergmann,  United  States.) 

0187.  Improvamenta  in  or  appertaining  to  aeig«Mitlng  dao- 
trlo  generatera.  William  Phillips  Thompson,  fi.  Lord- 
street,  Liverpool  (William  Stanleyi  junior,  and  Oliver  B. 
^aUenberger,  United  States.) 

July  2. 

0211.  Improvmneiila  in  deotrie  prlmarsr  hatterlsai    Vinoent 

Fabris,  76,  Chanoery-lane,  London. 
0229.  Improved  meana  Ibr  deoompoalng   aewaga  water   hf 

oxidlng  line  hy  eleetrio  eorrent.    Alfred  Green,   74, 

Whitegate-lane,  HoUinwood,  near  Oldham. 

0262.  Improvemaata  in  etoetrle  raUwaya.  John  Pitt  Bayly, 
18,  Fulham-plaoe,  Paddington,  London.  (Thomas  Aaron 
Evans,  United  States.) 

0271.  An  improvement  relating  to  madiao-eleetrto 

Noah  Mitchell,  166,  Fleet-street,  London. 

July  8. 

0309.  An  improvement  in  adfwtlng  eleetrio  light 

Albert    Lucas   and    Emil  Snndborg,    61,    Qeorge-street, 
Portman-square,  London. 

0316.  ImproveuMnta  in  Jointa  Ibr  armovred  eieetrie 


tora.    Joseph  Devonport   Finney   Andrews,    28,   South- 
ampton-buildings, London. 

July  4. 

0359.  Improvementa  in  oonneetlon  with  the  tfeetrie  lighting 
of  ahipa.  Thomas  William  Watson  and  Arthur  Henry 
Watson,  4,  Pall-mall,  London. 

July  5. 

0406.  Improvementa   in  eieetrieal  meaanring  inatmmenta. 

John  Perry,  31,  Brunswick-square,  London. 

0421.  An  improved  method  or  meana  Ibr  tiw  prevantien  of 
aeeidenta  from   the  overheating   of  eieetrieal  wtrea. 

John  Bradford,  Poet's  Comer,  Westminster  Abbey,  London. 

0445.  An  improved  bleetrie  prodpble.  John  Pitt  Ba^y,  18, 
Fulham-place,  Paddington,  London.  (John  Burton,  JSdward 
Roach,  Robert  MacNair,  W.  P.  MacNair,  and  (Siarles 
Lanning,  United  States.) 


SPECinOATIONS  PUB] 

1885. 

467L*  Veltaie hatteriea.    FitsGerald.    (Amended  specification.) 

8d, 

1889. 

6458.  Beetrie  enrrenta.    Hoho.    Is.  Id. 

11528.  Beetrie  aeenmnlaterB.    Beyer  and  Hagen.    8d. 

11832.  Beetrieal  eendoetora.    Dolby.    6d. 

12901.  Beetrie  aoonmnlatora.    Crompton.    6d. 

13322.  Transmitting  eleetrio  algnala.    Mercadier.    8d. 

1890. 

8924.  Beetrie  hatteriea.    Lake  (Crosby  Electric  Company.)    6d. 

5782.  Beetrie  lamp.    Hiorth.    6d. 

6581.  Ihoandeaeenoe  eleefirle  lampn.    Lake  (La  Sooi4t^  L'lnoan- 
descence  Electrique).    6d. 

7209.  Beetrie  are  lighting.    Saunderaon.    8d. 

7383.  Battery  element.    Levsen.    6d. 

7465.  Telephone    eaohangea.     Kingsbury    (Western    Electric 
Company).    8d. 


COMPANIES'  STOCK  AND  SHARE  UST. 


Name 


Anglo-American  Bmsh  

—  Prof.    

India  Rubber,  Gutta  Percha  k  Telegraph  (>). 

House-to-House      

Metropolitan  Eleotiio  Supply   

London  Eleetrio  Supply    

Swan  United    

Orompton  ft  Co.,  Pref.  

National  Tdephone    

ISleotrio  Con8traotion...,«..t*.«oM.f       <•••««.«• 


tooe 

Paid. 

VTednea 
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__ 
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2 

10 

20 
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5 
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51 
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NOTES. 


Weybridge.— The  installatioii  of  Messrs.  Laing,  Whar- 
ton, and  Down  at  Weybridge,  is,  a  correspondent  informs 
us,  running  nicely. 

Ckimpresaed  Air  and  Xleotriolty* — An  international 
compressed  air  and  electric  supply  company  has  been 
registered  in  Berlin  with  a  capital  of  £1,600,000. 

Xjcbibitkni  at  Palermo. — ^An  international  exhibition 
is  to  be  held  in  Italy,  at  Palermo,  in  1891,  for  which  the 
Italian  Government  have  granted  a  subvention  of  l,000,000f . 

Advertlfllnff  Bleetrioal  Models. — Some  enterprising 
shopkeepers  have  hit  upon  the  idea  of  drawing  attention  to 
their  wares  by  the  installation  of  a  model  electric  railway 
in  their  windows. 

ComiuuiieB. — Our  readers  should  pay  attention  to  the 
new  companies  formed,  especially  those  connected  with 
mining  operations,  as  many  intend  to  utilise  electrical  appa- 
ratus to  a  very  considerable  extent — since  companies  are 
being  promoted  for  work  in  New  Zealand. 

Rotterdam. — The  electric  lighting  of  the  town  of  Bot- 
ierdam  is  to  be  placed  in  the  hands  of  the  Corporation  Oas 
Committee.  A  considerable  sum  is  to  be  spent  in  testing 
various  systems  for  public  lighting,  after  which  the  con- 
ditions will  be  arranged  for  the  private  supply. 

Berlin  Teleiihonee. — ^The  whole  network  of  the  tele- 
phone service  at  Berlin  is  being  placed  underground.  Ihis 
great  undertaking  is  to  cost  1,863,000  marks.  The  conduits 
are  from  7|in.  to  15in.  wide,  and  will  contain  from  20  to  80 
conductors.  Berlin  will  then  contain  the  largest  subter- 
ranean telephone  service  in  the  world.  The  number  of 
subscribers  at  present  is  over  15,000. 

Slberfeld-Barmen  Eleetrio  Road. — ^The  communal 
councils  of  the  towns  contiguous  to  Elberfeld  and  Barmen 
have  accepted  the  proposal  of  Messrs.  Siemens  and  Halske, 
to  construct  and  carry  on  at  their  own  risk  an  electric  street 
railway  on  the  overhead  system  passing  through  the  two 
towns,  a  distance  of  about  five  miles.  The  works  will  shortly 
commence.  The  line  presents  very  favourable  conditions 
for  economical  working. 

The  Khojak  Tnimel, — It  is  estimated  that  the  total 
cost  of  the  Khojak  tunnel  will  be  five  lakhs  of  rupees,  and 
that  it  will  be  nearly  twelve  months  yet  before  the  work  is 
entirely  finished.  There  are  at  present  about  40 
European  miners  and  a  large  number  of  natives  employed 
on  the  works.  The  tunnel  can  now  be  lighted  throughout 
with  the  electric  light,  and  fresh  air  is  continually  being 
pumped  down  by  machinery  through  the  shaft. 

Amsterdam. — The  Bill  has  recently  been  passed  fixing 
the  regulations  for  the  public  lighting  of  Amsterdam  to  be 
tendered  for  publicly  before  September.  The  contractors 
are  to  pay  5  per  cent,  per  annum  on  all  receipts,  and  of  the 
balance  6  per  cent,  is  to  go  to  the  contractors,  and  after  this 
half  the  surplus,  the  other  half  going  to  the  consumers. 
The  Council  reserve  the  right  to  readjust  the  charges  every 
five  years,  and  may  insist  on  their  being  lowered  if  deemed 
excessive. 

ftankfort  KshiUtioii.— The  committee  of  the  ap- 
proaching exhibition  at  Frankfort  had  made  arrangements 
to  supply  energy,  electric,  steam,  water  or  gas,  at  a  price 
equal  to  l-8d.  per  h.p.  hour.  This  tariff  has  now  been  re- 
arranged on  a  more  favourable  sliding  scale*  Steam  will 
be  supplied  to  engines  of  1  to  50  h.p.  at  60s. ;  50  to  100 


h.p.  at  50s. ;  100  to  300  h.p.  at  40s. ;  and  over  300  h.p.  at 
30s.  per  h.p.  for  the  whole  period  of  the  exhibition  without 
consideration  of  the  days  and  hours  of  working. 

The   Eleotrlo    Ucrlit   In   MorthtHnberlaiid. — In 

addition  to  the  intimations  given  to  the  Blyth  and  Alnwick 
authorities,  notices  have  been  sent  to  the  Morpeth  Town 
Council,  to  the  Amble  Board,  and  to  the  Cramlington 
Local  Board  that  a  Northern  company  means  to  apply  to 
the  Board  of  Trade  for  power  to  supply  the  elestric  light 
in  each  of  their  respective  districts.  The  Morpeth  Council 
decided  to  discuss  the  matter  at  a  future  time.  At  Cram- 
lington, the  chairman  (Mr.  Bichardson)  expressed  the 
opinion  that  the  cost  of  the  light  in  that  district  at  least 
would  not  permit  it  to  pay. 

BriffhtOB  Aooldeiit. — ^The  damages  in  the  electric 
light  accident  at  Brighton  awarded  at  £800  recently  came 
before  the  Queen's  Bench  Divisional  Court  on  motion  for  a 
new  trial,  as  it  was  maintained  the  amount  was  excessive. 
In  support  of  the  motion,  it  was  stated  that  the  deceased 
earned  22s.  per  week,  of  which  17s.  went  to  support  the 
family.  The  sum  awarded  was  thus  sufficient  to  purchase 
a  life  annuity  for  this  amount ;  and  it  had  been  laid  down 
in  various  cases  that  damages  to  such  an  extent  would  be 
excessive.  After  some  discussion,  it  was  arranged  for  the 
damages  to  be  reduced  to  £500. 

Xleotrleal  Bureau. — ^A  useful  organisation  has  been 
founded  at  Chicago  under  the  name  of  the  National  Engi- 
neering Bureau.  The  objects  and  purposes  of  the  Bureau 
are  the  superintendence  of  mechanical  and  electrical  engi- 
neering, specifications  for  electric  light  wiring  and  electric 
light  plants,  indicating  engines,  testing  and  inspecting 
electric  construction.  The  engineers  are  gentlemen  of 
practical  knowledge  and  experience.  No  doubt  such  an 
organisation  under  capable  superintendence,  with  a  fixed 
and  reasonable  scale  of  charges,  would  prove  useful  in 
various  large  commercial  centres. 

Pole-nndinff  Paper. — ^Messrs.  Berend  and  Co.,  the 
agents,  send  us  a  book  of  Wilke's  pole-finding  paper.  It  is 
said  to  give  the  most  reliable,  simple,  and  handy  means  of 
quickly  and  correctly  ascertaining  the  direction  of  electric 
currents  and  of  testing  for  leakage.  A  strip  of  paper— the 
leaves  are  perforated — ^is  detached  from  the  book,  moistened 
by  the  tongue,  and  placed  on  a  clean  piece  of  wood.  Then 
touching  the  paper  with  the  wire  to  be  tested  causes  a  red 
spot  to  appear  at  the  point,  where  it  is  touched  by  the  wire 
is  the  negative  wire.  Each  book  contains  enough  paper 
for  hundreds  of  tests,  and  is  small  enough  to  be  carried  in 
the  pocket 

Twenty-Pound  Volte. — In  describing  an  accident 
which  happened  to  a  dynamo  at  the  California  Electric 
Light  Company's  works,  the  other  day,  a  bright  reporter 
on  one  of  the  San  Francisco  leading  dailies  stated  that^ 
'<  When  the  armature  (which  was  4ft.  in  diameter)  had  at- 
tained a  speed  of  about  1,000  revolutions  per  minute,  the 
centrifugal  force  was  so  great  that  the  magnets  fiew  from 
the  periphery  at  various  tangents  with  terrific  force,  and 
that  the  volts  (big  fellows,  weighing  201b.  each)  whizzed 
through  the  air  with  the  velocity  of  cannon  balls,  and 
buried  themselves  in  the  walls  of  Uie  establishment  t  One 
man  was  injured,  though  not  seriously,"  hit,  probably,  by 
one  of  the  flying  volts  f 

Xleotrio  PlougUng. — ^It  is  stated  that  the  German 
Electric  Company  established  at  Madrid  is  contemplating 
the  installation  of  a  plant  for  electric  ploughing  on  a  large 
property  in  the  centred  part  of  Spain.    This  seems,  says  the 
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correspondent  of  Industries  who  sends  the  item,  rather  an 
expensive  and  useless  experiment.  We  suppose,  however, 
if  electric  transmission  of  power  is  to  be  practical,  it  may 
be  useful  for  ploughing  as  well  as  for  other  uses.  The 
main  point  to  enquire  seems  to  be  the  source  of  motive 
power.  If  from  water  power  the  experiment  may  prove 
less  expensive  than  other  means,  and  at  any  rate  if  properly 
carried  out  cannot  fail  to  be  interesting  both  to  electrical 
engineers  and  progressive  agriculturists. 

Foots  Cray. — At  a  meeting  of  the  Foots  Cray  Paro- 
chial Committee  on  Monday  a  communication  was  read 
from  the  engineer's  office  of  the  General  Telegraph  Depart- 
ment intimating  that  lines  of  telegraph  wire  were  about  to 
be  laid  between  London  and  Folkestone,  and  asking  leave 
to  erect  the  necessary  posts.  Mr.  Wade  thought  this  was 
a  matter  which  would  concern  the  County  Council.  The 
clerk  said  that  it  would  also  concern  the  local  authorities, 
as  the  posts  might  at  points  be  placed  on  the  footpaths. 
Mr.  Martin  said  something  ought  to  be  said  against  the 
unsightliness  of  posts  in  the  main  road.  It  was  stated  that 
the  chimneys  would  not  be  safe,  as  there  was  going  to  be 
six  or  seven  wires.  It  was  then  decided  to  object  to  the 
erection  of  poles  and  wires  in  the  main  road. 

Bromley, — A  deputation  from  the  Electric  Light  Syn- 
dicate at  Bromley  visited  Bath  on  Monday  last,  under  the 
guidance  of  Mr.  Schiassi,  to  see  the  system  of  lighting  at 
Bath.  The  deputation  visited  Mr.  Massingham's  station, 
and  every  effort  was  made  and  facility  given  by  that  gen- 
tleman so  that  the  fullest  information  might  be  obtained. 
The  evening  was  dark  and  stormy,  giving  a  favourable 
opportunity  for  seeing  the  effect  of  the  lighl  when  most 
required.  The  deputation  expressed  themselves  as  highly 
gratified  with  the  light,  and  the  industry  will  have  once 
more  to  thank  Mr.  Massingham  for  his  energy — as  many 
have  gone  to  see  his  work  at  Taunton  and  Bath,  and  have 
been  convinced  that  the  light  is  efficient  and  practicable. 
We  trust  that  the  report  of  the  deputation  may  stir  up 
the  inhabitants  of  this  wealthy  suburb  to  greater  activity 
in  obtaining  more  light. 

Electric  Quacks. — At  last  the  Times  has  permitted  a 
correspondent  to  describe  her  experience  of  electric 
quackery.  In  this  case  a  lady  seems  to  have  desired  the 
removal  of  "  hair  from  the  face,''  to  have  read  a  pamphlet 
from  some  electric  charlatan,  and  to  have  tried  the  remedy. 
The  hairs  were  removed,  but  naturally  grew  again,  so  that 
a  razor  would  have  performed  the  operation  as  well,  at  the 
cost  of  a  penny  instead  of  some  twenty  or  thirty  pounds. 
Headers  of  technical  papers  do  not  form  the  dierUUe  of 
electric  quacks,  and  the  only  way  to  counteract  this  char- 
latanism is  to  get  the  newspapers  to  expose  it.  But  then 
how  about  the  advertisements,  which  form  so  large  a  part 
of  the  income  of  such  papers  ?  Moral :  Have  nothing  to 
do  with  electric  pads,  hair-brushes,  pain-killers,  etc.,  and  if 
In  doubt  about  any  question  of  the  kind,  consult  one  or 
other  of  the  technical  papers. 

Pocket-Books. — We  have  received  two  pocket-books 
compiled  for  the  use  of  electrical  engineers.  The  most 
important  is  that  by  H.  B.  Kempe,  whose  admirable  book 
on  testing  is  so  widely  known.  This  book  is  published  by 
Messrs.  Crosby,  Lockwood,  and  Son,  and,  as  might  be 
expected,  has  been  most  carefully  compiled.  The  value  of 
such  a  book  consists  principally  in  the  arrangement,  and  in 
nothing  being  inserted  that  is  not  frequently  wanted, 
and  nothing  left  out  that  is  frequently  wanted.  The 
time  at  our  disposal  since  the  receipt  of  this  book  has  been 


too  short  to  enable  a  thorough  investigation,  but  from  a 
cursory  examination  we  are  satisfied  that  it  is  the  best  book 
of  its  kind  as  yet  issued,  and  will  prove  of  great  use.  The 
second  book  is  by  Mr.  F.  Walker,  and  is  published  by  Iliffe 
and  Son,  consisting  of  29  pages  only,  and  is  interleaved.  It 
contains  various  useful  tables,  and  information  relating  to 
traction,  marine  propulsion,  units,  indicators,  etc. 

A  Fee-Takinff  Telephone. — ^A  penny-in-the-slot  tele- 
phone is  in  use  in  the  New  Haven  House,  Connecticut.  It 
cannot  be  used  unless  a  fee  is  paid.  It  is  understood  there 
are  only  two  instruments  of  the  kind  in  existence,  the  other 
being  in  Hartford.  There  are  five  slots  in  the  machine  for 
the  reception  of  various  coins,  covering  the  rates  charged 
for  telephoning  to  various  places  in  and  out  of  the  State. 
To  use  the  telephone  it  is  first  necessary  to .  call  up  the 
central,  as  on  an  ordinary  telephone.  The  place  required 
is  then  asked  for,  and  when  this  is  reached  the  party  who 
rings  up  is  told  to  put  the  necessary  fee  in  the  slot.  If  a 
copper  is  dropped  In  a  bell  of  high  tone  rings.  For  higher 
fees  the  tone  becomes  lower  in  inverse  ratio,  and  for  half  a 
dollar  the  sound  is  like  that  of  the  average  door  belL  The 
dollar  sound  is  similar  to  that  of  a  fire-alarm  gong.  The 
sound  of  the  bell  is  the  signal  to  go  ahead  and  talk.  The 
contrivance  is  the  invention  of  William  Gray,  of  Hartford. 
A  company  has  been  formed  for  the  manufacture  of  the 
instruments. 

A  New  Electrical  Railway  Clock. — An  electrical 
self-winding  and  synchronising  clock  has  been  devised  by 
W.  W.  Bradley,  formerly  of  Waterbury,  and  now  manager 
of  the  Dueber  Watch  Case  Company,  of  Canton,  Ohio, 
together  with  W.  N.  Parker,  electrician.  The  clock  has 
but  five  wheels,  and  is  run  without  springs.  As  a  time- 
keeper, it  is  said  to  be  almost  periect,  showing  a  variation 
of  only  four  seconds  in  55  days,  which  leaves  it  without  a 
rival  as  a  time-keeper.  Sealed  up,  it  will  register  true  time 
for  two  years,  the  synchroniser  rectifying  the  few  seconds 
variation.  A  special  feature  especially  useful  for  railway 
service  is  the  automatic  electrical  switch  lock,  enabling  the 
operator  at  the  observatory,  or  wherever  the  master  clock 
is  located,  to  have  a  full  control  of  all  clocks  connected  by 
wire  to  the  master  clock.  No  attention  is  required  at  the 
separate  stations,  and  no  meddling  can  affect  the  synchro- 
niser. Clocks  can  be  synchronised  at  any  hour  or  half 
hour  desired,  from  the  observatory,  and  while  the  telegraph 
wires  are  doing  full  service. 

Flaw  Detector. — The  method  or  instrument  devised 
by  Capitaine  du  Place  as  a  modification  of  Prof.  Hughes' 
sonometer,  which  he  terms  the  schiaeophone,  may  be  used, 
it  is  stated,  in  workshops  for  detecting  flaws  in  axles  and 
crankshafts,  and  experiments  made  in  the  engine  shops  at 
Ermost  of  the  Chemin  de  Fer  du  Nord  in  France  are  said 
to  have  been  very  successful.  The  instrument  comprises  a 
striker  and  an  audiometer.  A  steel  rod  is  moved  to  and 
fro  in  front  of  a  microphone,  periodically  striking  the  metal 
bar  under  examination.  Two  coils,  one  movable  and  con- 
nected to  the  microphone,  the  other  fixed  and  connected  to 
two  telephones,  are  arranged  on  a  graduated  rod.  Having 
placed  the  movable  coil  so  that  the  telephones  are  silent  so 
long  as  the  hammer  is  striking  a  solid  portion  of  the  metal, 
the  hammer  is  moved  along  the  bar,  and  should  there  exist 
a  flaw  in  it,  the  increased  noise  given  out  causes  more 
powerful  currents  to  flow  in  the  microphone  circuit,  with 
the  result  that  the  telephones  are  no  longer  silent.  When 
experience  has  been  gained  it  may  be  that  such  a  method 
will  be  found  exceedingly  useful  in  locomotive  axles  and 
propeller  shafts. 
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Cardifll — ^The  residents  of  Broadway  are  agitating  for 
more  light.  A  deputation  that  waited  upon  the  Lighting 
Committee  a  few  days  ago  were  promised  that  the  matter 
should  be  favourably  considered,  and  subsequently  the 
borough  engineer  was  ordered  to  report  on  the  require- 
ments. The  committee  also  received  another  deputation 
representing  the  Brush  Company,  to  obtain  the  support  of 
the  committee  for  the  Brush  provisional  order.  Mr. 
Grarcke  was  present,  as  was  Mr.  Deakin,  the  local  manager. 
Mr.  Grarcke  explained  the  position  of  affairs,  and  answered 
a  number  of  questions.  It  was  pointed  out  that  seven 
other  companies,  in  addition  to  the  Corporation,  were  apply- 
ing for  similar  powers.  After  the  deputation  had  gone 
Mr.  Carr  proposed  that  a  special  meeting  be  called  to  con- 
sider the  matter,  and  that  in  the  meantime  the  town  clerk 
be  instructed  to  ascertain  if  any  corporate  bodies  had 
obtained  provisional  orders,  and  had  granted  them  to  elec- 
tric lighting  companies,  and  if  so,  upon  what  terms ;  also 
that  the  engineer  procure  particulars  as  to  subways  in  use 
in  other  towns,  the  laying  of  subways  in  Cardiff,  and  other 
details.  Mr.  Ramsdale  seconded  the  motion,  and  it  was 
carried. 

Bimetallio  Wires,— The  Soci^t^  Fonderies,  Laminoirs 

et  Tr^fileries  of  Joinville  le-Pont,  says  the  Bvlletin  Inter- 

naiicnak  de  VElectridU^  is  now  manufacturing  bimetallic 

wires  for  telegraph,  telephone,  or  other  purposes,  of  which 

tests,  made  by  the  French  Post  Office  authorities,  show  the 

following  results : 

Number  of  coils  tested. 

1.              2.  3.              4. 

Diameter   l*97mm.     l*88mm.  l-89mm.     l*95mm. 

Breaking  stress       4931b.        4931b.  4491b.         6031b. 

Lenthening    ...  16'17mm.  26 '23mm.  19'20mm.  19'21mm. 

Weight  67-21b.       55-71b.  65-21b.            551b. 

Besistance    per 

kilometre   in 

ohms  atOdeg. 

cent.  8-66           9-69  898            9-52 

It  appears  that  a  bimetallic  wire  of  19/10  has  the  same 
conductivity  as  a  copper  wire  of  15/10,  and  the  same 
breaking  stress  as  a  copper  wire  of  25/10  If  these 
qualities  are  justified  by  practice,  they  would  allow  a 
sensible  economy  in  the  cost  for  long-distance  telephone 
lines,  and  even  over  galvanised  iron  telegraph  wires,  as  the 
diameter  of  these  must  be  46/10  to  attain  the  same  con- 
ductivity as  is  given  by  a  bimetallic  wire  of  19/10. 

Telephoning  to  Trains. — The  idea  of  telephoning  to 
trains  in  motion  without  the  aid  of  a  metallic  contact  has 
been  promulgated  by  Edison,  but  has  not  yet  come  much 
into  practical  work.  A  further,  if  less  original,  method  has 
been  lately  tried  with  considerable  success  of  the  electric 
railway  signal  of  the  Universal  Electric  BaUway  Signal 
Company  of  Richmond,  Virginia.  About  three  miles  of  the 
railway  line  on  the  Baltimore  and  Ohio  Railway  has  been 
fitted  with  their  system  by  way  of  experiment.  The  ap- 
paratus consists  of  an  electric  circuit  formed  by  a  single 
iron  rod  laid  between  the  rails,  and  a  wire  brush  attached 
to  each  engine  in  connection  with  an  electric  gong  and  tele- 
phone. Two  engines  if  approaching  each  other  on  the  same 
track  come  into  circuit  at  the  distance  of  one  mile  and  a  half 
or  more,  according  to  strength  of  the  battery,  and  at 
once  the  telephone  bells  ring.  This  is  a  signal  for  the  trains 
to  stop,  and  the  engineers  can  then  talk  with  each  other  on 
the  telephone  to  discover  the  trouble,  whatever  it  may  be. 
On  the  occasion  of  the  trial  two  trains  were  sent  out  on  the 
Baltimore  and  Ohio  line  with  a  party  of  gentlemen  in- 
terested and  press  correspondents  of  newspapers  in  different 


parts  of  the  country,  and  the  tests  made  proved  extremely 
satisfactory. 

Cannes. — We  have  already  mentioned  that  the  town  of 
Cannes,  in  the  South  of  France,  is  considering  the  means 
for  the  lighting  of  the  town  by  electricity.  The  Munici- 
pality have  been  applied  to  for  the  concession  by  an  electric 
company,  for  running  mains  either  overhead  or  underground 
for  the  distribution  of  electric  light.  A  syndicate  of  the 
hotel  proprietors  has  treated  provisionally  and  conditionally 
with  this  company  for  an  installation  of  2,000  lamps  (power 
not  stated)  at  the  price  of  5r5f.  per  lamp  for  a  period 
of  six  to  seven  hours  a  day  during  1\  months  (October  to 
May).  The  Municipal  Council  have  referred  the  considera- 
tion of  the  question  to  a  commission  composed  of  members 
of  the  Council.  The  minimimi  installation  assured  is  2,000 
lamps  for  the  hotels.  Besides  a  considerable  business  popu- 
lation, there  are  several  hundreds  of  villas  belonging  to 
rich  families  which  might  be  supposed  willing  to  adopt  the 
light.  There  is,  therefore,  the  basis  of  a  considerable  and 
profitable  undertaking,  and  before  deciding  upon  the  con- 
cession asked,  the  commission  have  decided  to  invite  other 
tenders  possibly  on  a  basis  more  favourable  to  the  public 
or  at  any  rate  to  private  consumers,  for  the  public  lighting 
has  been  granted  to  a  gas  company,  and  cannot  be  changed 
until  12  towns  more  important  than  Cannes  have  adopted 
a  lighting  other  than  gas. 

Eleotiio  Ught  for  Bombay. — According  to  the  Indian 
Engineer  it  was  proposed  at  a  recent  meeting  of  the  Standing 
Committee  of  the  Bombay  Municipality,  that  the  Muni- 
cipal Commissioner  be  asked  what  was  the  present  position 
as  to  the  proposed  introduction  of  electric  lighting  in  Bom- 
bay in  a  part  of  the  city.  Mr.  Ollivant,  the  late  commis- 
sioner, had  put  forward  a  scheme  some  time  ago  for  electric 
lighting  in  certain  parts  of  the  city,  but  that  was  a  very 
big  scheme,  and  it  was  not  carried  out  There  was  a  provi- 
sion for  30,000rs.  in  last  year's  budget  for  electric  lighting 
in  Bombay.  .Mr.  Acworth,  municipal  commissioner,  on 
June  24  made  a  statement  before  the  Standing  Committee 
of  the  Corporation  regarding  the  proposed  electric  lighting 
in  Bombay.  He  said  that,  in  response  to  the  advertisements 
published  by  his  predecessor  in  the  local  and  English  and 
American  papers,  there  were  four  tenders  received  for  the 
electric  lighting  of  the  city.  The  committee  resolved  that 
the  commissioner  be  requested  to  prepare  a  special  report 
on  the  subject  of  electric  lighting,  containing  full  details  of 
the  scheme  proposed  to  be  adopted  in  connection  with  the 
carrying  out  of  the  experimental  electric  lighting,  and  that 
he  be  authorised  to  apply  to  Government  for  the  services 
of  an  electrical  engineer,  and  that  in  order  to  enable  him 
to  make  the  necessary  scientific  enquiries  he  be  further 
authorised  to  expend  a  sum  not  exceeding  l,000rs. 

New  Spanish  Eleotrioal  JonmaL — We  have  re- 
ceived the  first  number  of  a  new  Spanish  electro-technical 
journal,  La  Ciencia  Elictrica  {"  Electrical  Science  ")  published 
at  Almirante,  21,  Madrid,  fortnightly,  the  subscription  being 
30f.  On  the  title-page  is  a  full  list  of  coUaborateurs 
whose  support  is  promised  for  the  journal,  comprising  some 
of  the  most  distinguished  engineers,  civil  and  military,  elec- 
tricians, and  professors  in  Spain.  It  is  hoped  to  make  the 
journal  a  representative  one  for  Spain,  and  that  works  of 
an  original  nature  and  of  correct  and  extensive  information 
of  work  carried  out  will  be  giveij  in  the  fields  of  electrical 
science.  The  progress  of  the  electrical  industry  has  been 
considerable,  and  it  will  be  the  province  of  this  journal  to 
put  this  in  evidence.  It  is  hoped  that  foreign  electrical 
engineers  having  an  interest  in  Spain  and  Spanish-speaking 
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countries  will  co-operate.  The  journal  will  print  an  edition 
of  5,000  copies,  of  which  2,000  will  be  circulated  in  South 
America,  Mexico,  the  Antilles  and  Philippine  Islands.  The 
journal  has  a  neat  slate-grey  cover,  with  an  artistic  title- 
page.  The  first  number  contains  articles  on  electric  meters, 
duplex  telegraphy,  description  and  illustrations  of  the 
Madrid  central  installation,  with  portraits  of  its  engineers, 
articles  upon  the  source  of  electrical  potential,  the  direct 
cable  between  Spain  and  Antilles,  the  "  Peral  "  torpedo, 
and  notes  on  industrial  developments  in  Spain.  We  wish 
the  undertaking  the  heartiest  success. 

The  Age  of  Xleotrioity. — ^A  fair  idea  of  the  wonderful 
strides  that  the  application  of  electricity  to  all  and  every 
purpose  is  now  taking,  and  may  be  expected  to  take,  can  be 
gathered  from  a  recent  article  in  the  New  York  Sun  on 
electric  power,  in  which  the  work  of  the  motor  is  summed 
up  as  follows :  "  In  some  cities,  so  far  has  the  use  of  electric 
motors  gone«  that  it  is  possible  for  a  man  to-day  to  drink  at 
breakfost  coffee  ground  and  eat  fruit  evaporated  by  electric 
power.  During  the  morning  he  will  conduct  his  business 
with  electrically-made  pens,  and  paper  ruled  by  electricity, 
and  make  his  records  in  electricaUy-bound  books,  his  seventh- 
storey  office  in  all  probability  being  reached  by  an  electric 
motor  elevator.  At  luncheon  he  will  be  able  to  discuss 
sausages,  butter  and  bread,  and  at  night  eat  ice  cream  and 
drink  iced  water  due  to  the  same  electrical  energy.  He 
will  ride  all  about  the  place  in  electric  cars,  wear  shirts  and 
collars  mangled  and  ironed  by  electric  motor,  sport  a  suit 
of  clothes  sewn  and  a  hat  blocked  by  the  same  means ;  on 
holidays  ride  a  merry-go-round  propelled  by  electric  motor, 
or  have  his  toboggan  hauled  up  the  slide  with  equal  facility, 
be  called  to  church  by  an  electrically-tapped  bell,  sing 
hymns  to  the  accompaniment  of  an  electrically-blown  organ, 
be  buried  in  a  coffin  of  electric  make,  and,  last  of  all,  have 
his  name  carved  on  his  tombstone  by  the  same  subtle, 
mysterious,  all-pervasive  and  indefatigable  agency.  This 
may  sound  like  a  wild  and  exuberant  flight  of  fancy,  but 
it  is  simply  a  faithful  statement  of  the  manner  in  which 
electricity  is  being  applied  (o  everyone  of  the  necessities 
and  luxuries  of  life  in  America." 

Mlaffank — ^A  syndicate  in  the  United  States  have 
acquired  a  considerable  area  of  land  on  the  American  side 
of  the  Niagara  river  at  some  distance  above  the  great  falls. 
They  propose  to  use  it  for  mill  sites,  and  to  supply  the 
mills  with  power  by  utilising  a  small  fraction  of  the  water 
power  which  is  available  on  the  falls.  The  actual  fall  of 
level  at  Niagara  is  about  200ft.  It  is  proposed  to  take  the 
water  by  a  short  lateral  canal,  to  allow  it  to  descend 
vertically  in  shafts  in  which  turbines  will  be  placed, 
and  then  to  discharge  it  by  a  tunnel  tail  race  passing  be- 
neath the  present  town  of  Niagara  at  a  point  below  the  falls. 
It  is  part  of  the  plan  to  transmit  a  portion  of  the  power  to 
the  important  manufacturing  town  of  Buffalo  18  miles 
distant.  The  project  involves  problems  of  very  great  com- 
plexity. The  hydraulic  motors  will  be  of  a  size  not 
hitherto  constructed,  and  the  governing  conditions  are 
diflerent  from  those  commonly  met  with  where 
water  power  is  utilised  on  streams  of  variable  and 
limited  flow.  Then  in  the  distribution  of  the  power 
further  problems  arise.  In  Switzerland  and  America 
progress  has  been  made  in  distributing  large  power  to 
great  distances  electrically.  The  Cataract  Company  have 
resolved  to  invite  from  certain  selected  engineers  and 
engineering  firms  plans  for  the  utilisation  at  Niagara 
of  120,000  horse-power,  and  to  submit  the  plans  for 
f^n  (authoritative  opinion  to  the  judgment  of  a  scientific 


international  commission.  The  commission  will  consist 
of  Sir  William  Thomson,  P.RS.,  as  president;  Prof, 
Mascart,  member  of  the  Institute  and  director 
of  the  Bureau  Central  M^t^orologique,  Paris;  Colonel 
Theodore  Turrettini,  who  was  director  of  the  works 
of  the  St.  Oothard  Tunnel,  and  is  director  of  the 
works  for  the  utilisation  of  the  motive  power  of  the  Bhone 
at  Geneva ;  and,  lastly.  Dr.  Colemen  Sellers,  formerly  of 
the  firm  of  Messrs.  Sellers  and  Co.,  of  Philadelphia,  and 
now  professor  of  engineering  at  the  Stovens  Institute, 
Hoboken,  and  at  the  Franklin  Institute  of  Pennsylvania. 
Prof.  W.  C.  Unwin,  F.RS.,  M.LC.E.,  is  the  secretary  to 
the  commission. 

Bftrnrtqy. — ^The  Lighting  Committee  of  the  Bamsley 
Town  Council  have  preparedareporton  the  subject  of  electric 
lighting,  in  which  they  recommend  ''  That  the  tender  be  ac- 
cepted of  the  Westinghouse  Company  for  the  construction 
of  electric  lighting  plant  to  light  the  area  mentioned  in  the 
second  schedule  to  the  provisional  order,  subject  to  the 
terms  of  the  tender  being  embodied  in  a  contract  to  be  pre- 
pared by  the  town  clerk,  and  subject  to  the  system  of  the 
Westinghouse  Electric  Company  receiving  the  approval,  in 
writing,  of  the  Board  of  Trade."  The  inner  area  referred 
to  comprises  practically  the  whole  of  the  business  part  of 
Bamsley,  and  the  tender  amounts  to  £17,800.  For 
a  year  past  the  committee  have  been  considering  the 
question  of  lighting  the  town  by  electricity,  a  provisional 
order  for  the  purpose  has  been  obtained,  and  tenders  in 
various  forms  received  and  considered.  Tenders  for  the 
execution  and  maintenance  of  all  the  works  needed  for  the 
supply  of  electricity  for  lighting  and  motive  purposes  were 
first  asked  for ;  but  owing  to  the  "  high  charges  and  exces- 
sive terms  of  purchase  asked  by  the  companies  **  the  com- 
mittee were  compelled  "  to  relinquish  all  ideas  of  intro- 
ducing the  electric  light  to  Barnsley  by  the  medium  of  a 
private  company.''  Tenders  for  erecting  and  supplying  a 
plant  requisite  for  the  Corporation  to  light  the  inner  area — 
practically  the  business  centre  of  the  town — were  then  asked 
for  and  obtained  as  follows:  The  Gulcher(New)  Electric  Light 
and  Power  Company,  Limited,  £25,500 ;  Electric  Construc- 
tion Corporation,  Limited,  two  tonders,£22,751  and  £21,721 ; 
Manchester  Edison-Swan  Company,  Limited,  £19,200; 
Westinghouse  Electric  Company,  Limited,  £17,800;  Laing« 
Wharton,  and  Down  Construction  Syndicate,  Limited, 
£16,975 ;  Brush  Electrical  Engineering  Company,  Limited, 
£13,100;  National  Electric  Supply  Company,  Limited, 
£11,188.  Mr.  A.  Bromley  Holmes  has  been  adviser;  and, 
acting  upon  his  advice,  the  committee  make  the  above 
recommendation.  He  estimates  the  cost  of  maintenance 
as  follows :  coal,  water,  oil,  waste,  ete.,  £1,450 ;  renewal  of 
carbons  and  street  incandescents,  £225;  salary  of  chief 
engineer  and  assistant,  £350;  wages  of  enginemen,  stokers, 
linemen,  and  labourers, £936;  collector  and  clerk'sassistance, 
£200 ;  sundry  expenses,  £200 ;  total,  £3,361.  Interest,  sink- 
ing fund,  5  per  cent,  on  cost  of  site  and  buildings,  £4,000, 
equal  to  £200 ;  10  per  cent,  on  cost  of  plant,  ete.,  including  r& 
pairs,  £18,500,  eqtial  to  £1,850;  total  annual  estimated  cost, 
£5,411.  AjMuming  all  the  incandescent  lamps  provided 
for  in  the  scheme  to  be  used  at  6d.  per  unit,  they  would 
give  a  revenue  of  £4,000,  leaving  £1,411  to  set  off*  against 
the  street  lighting.  The  street  lights  would  replace  248 
gas-lamps,  giving  a  totel  light  of  6,574  candles,  at  a  cost  of 
£800.  The  street  lights  proposed  to  be  substituted  for 
these  would  give  a  light  of  54,480  candles,  and  extensions 
beyond  the  area  would  cost  £50  for  each  arc  lamp,  and  £1Q 
for  each  32-c.p.  incandescent  lamp. 
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THE  WORKING  EFFICIENCY  OF  SECONDARY 

CELLS* 

BY  W.  B.  AYRTON  ;  C.  G.    LAMB,   B.    W.    SMITH,  AND  M,    W. 

WOODS,  ASSOCIATES. 

L— Previous  Tests  of  Ceu^. 

Since  1881,  when  the  formation  of  Plants  storage  cells 
was  greatly  accelerated  by  Faure's  device  of  pasting  the 
plates,  numerous  tests  have  been  made  in  different  parts  of 
the  world  on  the  capacity  and  efficiency  of  secondary  cells. 
The  first  tests  that  were  carried  out  were  conducted  simul- 
taneously, at  the  end  of  1881,  in  England  by  Prof.  Perry, 
with  one  of  the  authors  of  this  paper,  and  in  France  by  a 
committee  consisting  of  Messrs.  Tresca,  Potier,  Joubert,  and 
Allard,  working  at  the  Conservatoire  des  Arts  at  Metiers, 
with  a  staff  of  assistants. 

In  the  report — communicated  to  the  Physical  Society  in 
February,  1882 — ^by  the  two  English  experimenters,  it 
was  pointed  out  that  the  great  "resuscitating  power"  of 
the  cells  made  it  very  difficiut  to  say  when  they  were  entirely 
discharged^  and,  therefore,  in  order  to  test  the  efficiency, 
the  cells  were  first  "  emptied  "  of  charge  by  discharging 
them  until  the  discharge  current  was  very  small,  and 
finally  leaving  them  short-circuited  for  many  hours  with  a 
short  bit  of  thick  wire.  Next,  a  measured  amount  of 
energy  was  put  in  these  "  empty  "  cells,  and  they  were  then 
thoroughly  discharged  on  three  successive  days,  being  insu- 
lated and  allowed  to  recuperate  during  the  two  intervening 
nights.  Although  the  energy  efficiency  thus  obtained,  and 
which  was  not  less  than  82  per  cent.,  probably  represented 
much  more  than  could  be  obtained  in  practice  at  that 
period,  if  the  discharge  were  stopped  before  the  E.M.F.  fell 
to  so  low  a  value,  this  efficiency  represented  something 
quite  definite,  since  all  the  energy  given  out  by  the  cells  in 
the  discharge  must  have  been  put  into  them  during  the 
measured  charge,  no  demand  being  made  on  some  in- 
exhausted  store  of  energy  previously  put  into  the  cells. 

The  French  Committee,  on  the  other  hand,  considered 
the  cells  as  being  discharged  when  a  certain  current  which 
was  originally  produced  through  a  fixed  resistance  by  30 
cells  could  no  longer  be  kept  up,  even  when  the  number  of 
cells  had  been  increased  to  35.  But  unless,  subsequently 
to  the  receipt  of  the  cells  from  the  manufacturers,  they  had 
been  charged  and  discharged  several  times  until  the  same 
cycles  of  values  of  E.M.F.  with  time  were  repeated  with 
each  charge  and  discharge,  there  was  no  guarantee  that  in 
the  experimental  discharge  the  cells  were  not  drawing  on 
a  store  of  energy  put  into  them  before  leaving  the  manu- 
facturers' premises,  and  thus  giving  a  higher  value  than  the 
"working  eflficiency." 

And  we  are  afraid  that  a  very  possible  neglect  of 
the  powerful  resuscitating  power  of  accumulators  may 
have  vitiated  some  of  the  published  results  of  experi- 
ments that  have  been  made  on  them.  This  doubt 
must  not  be  forgotten  in  considering  the  accompanying 
list,  which  is  as  complete  as  we  have  been  able  to 
make  it,  of  all  such  experiments  that  have  been  made 
up  to  date.  At  the  middle  of  1889,  when  we  had 
nearly  completed  our  investigation,  there  appeared 
two  very  important  contributions  to  iiie  subject-— one  on 
"  The  Inherent  Defects  of  Secondary  Batteries,"  bv  Dr. 
Louis  Duncan  and  H.  Wiegand ;  the  other,  "  Ergebnisse 
von  Yersuchen  an  Akkumulatoren  f  iir  Stationsbetrieb,"  by 
Prof.  W.  Eohlrausch  and  C.  Heim.  These  investiga- 
tions are  extremely  interesting,  as  they  confirm  some  of 
the  results  which  we  had  also  arrived  at,  and  to  which 
reference  will  be  'made  in  this  paper;  Prof.  W. 
Kohlrausch  and  C.  Heim,  for  example,  la3ring  great  stress 
ou  the  fact  that  the  discharge  of  an  accumulator  does  not 
depend  merely  on  the  previous  charge,  but  on  the  previous 
history  of  the  cell. 

At  the  Central  Institution  there  are  three  distinct  types 
of  KP.S.  cells  in  daily  use.  The  cells,  however,  used  by 
us  for  the  investigation  were  20  out  of  a  group  of  50  of 
what  is  known  as  the  1888  type.  This  type  we  selected 
since  it  was  the  latest  constructed  by  the  Electrical  Power 
Storage  Company.    The  particular  specimens  of  this  1888 

*  P^per  read  before  the  meeting  of  the  Institution  of  Electrical 
fin^^ineera  at  Bdinbnrgh,  July  16, 1890. 
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type  which  are  at  the  Central  Institution  contain  each  two 

positive  and  three  negative  plates,  each  plate,  exclusive  of 

the  lugs,  being  91in.  by  9^in.    The  glass  vessels  containing 

these  plates  are  large  enough  to  each  hold  7L  plates,  but 

we  preferred  to  use   7L  glass  boxes  to  having  smaller 

boxes  specially  constructed. 

The  total  weight  of  each  of  these  cells  is  about  591b. 

12oz.,  made  up  as  follows : 

lb. 

Three  negative  plates      about  17 

Two  positive        „           ...        ...        „  11 

Ebonite  strips ...        „  0 

One  glass  vessel ,  7 

Dilute  sulphuric  acid       ...        ...        „  23 

and  the  cells  are  intended  to  be  used  with  a  maximum 
current  of  nine  amperes  on  charging  and  10  on  discharging. 
The  first  point  to  settle  with  reference  to  the  discharge 
was  whether  the  resistance  in  the  circuit  should  be  kept 
constant,  or  whether  as  the  KM.F.  fell  the  resistance  should 
be  varied  in  such  a  way  as  to  keep  the  current  constant. 
This  latter  method,  although  it  involved  much  more  labour, 
was  adopted.  At  first  the  current  was  kept  constant  by 
varying  the  resistance  by  hand  as  the  E.M.F.  of  the  cells 
altered.  But  this  required  the  constant  presence  of  one  of 
the  observers  day  and  night,  partly  to  vary  the  resis^nce 
from  time  to  time,  and  partly  to  start  the  charging  diroctlv 
the  discharging  was  finished,  in  order  that  the  cells 
might  never  l^  left  discharged.  Hence,  an  autoijpoatic 
arrangement,  which  will  be  described  later  on,  was  subse- 
quenuy  devised,  and  by  means  of  it  the  current  was  main- 
tained more  constant  than  could  be  achieved  by  even  vary 
careful  hand  regulation,  and  the  circuit  broken  during  dis- 
chuiging  and  during  charging  the  moment  the  P.D.  reached 
certain  pre-arranged  values. 
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We  had  next  to  adopt  a  criterion  by  which  to  settle 
when  a  charge  or  discha4;e  could  be  said  to  be  completed. 
Such  a  criterion  mav  be  made  to  depend  on  a  variety  of 
changes  that  take  place  in  a  cell,  three  of  which  are  in 
common  use — ^viz.,  change  in  the  specific  gravity,  gassing, 
and  change  in  the  P.D.  In  the  case  of  the  cells  tested  by 
us,  and  which  have  more  liquid  in  proportion  to  the  plates 
than  is  usually  the  case,  the  change  in  specific  gravity 
from  charge  to  discharge  is  from  1*2  to  about  1*17  ;  and, 
as  our  experiments  show  that  the  change  is  directly  pro- 
portional to  the  time,  when  the  current  is  kept  constant^ 
the  change  in  the  specific  gravity  per  hour  is  qnly  about 
0*002,  which  is  far  too  small  to  be  read  very  accurately 
with  ordinary  hydrometers.  But  it  is  known  the  fall  in 
the  E.M.F.  of  the  cells  at  the  end  of  the  discharge  is  very 
rapid,  so  that  half  an  hour  more  or  less  in  the  time  of  dis- 
charge produces  a  great  difference  in  the  value  of  the 
E.M.F. ;  hence  it  follows  that,  if  a  specific  gravity  test  were 
alone  employed  with  our  cells  as  a  criterion  of  chaise  and 
dir-'.harge,  it  would  be  necessary  to  read  the  specific  gravity 
accurately  to  less  than  0*001  at  the  end  of  the  discharge. 
Tbo  amount  of  gassing  is  also  fap  too  rough  a  test,  and  can* 
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TABLE  A. 

or  ACOtTMULATOBB. 

MkkorofoelL 

Bffid^icy. 

Ramuke. 

Quantity  Energy. 

1S82 

1SS2 

IWr.    

Sobnlta 

B.  p.a 

B.  T.  K.""." 

B.P.a'. 

FiU^enOd'." 

C.  amiti".V. 

Ayitau  wd  Perry 

92 
96" 

so" 

91-7 
90 
92 
91 

86" 

90-7 

88-1 

94 

77 

81-4 

90 

82 

70 
6toS0 

Sbieo 

09 

78-7 

80 

88" 

78'4 
77-4 
82-4 
647 
71-7 
80 

Cells  ahort-droiutad  for  mum  time  before  being  terted.    Cell* 

Result  of  a  week's  work.     Current  kept  fairly  constant  duiit^ 
discharge  by  the  addition  from  time  bo  time  of  freeh  oelht 

1S83 
1SS3 
1885 
1886 
1886 
1887 

H.  Morton 

Aron 

ForbM 

Dt»keMidGorham  ... 
HMberiln  

Resnlta  very  variable. 

Mean  of  one  week's  work.     Current  not  kept  canstaul. 

"Cells  not  good."                                                               [ohar^e. 

1887 

MiUer  

Lead  spinUs  painted  over  with  salts. 

1889 

Tubakj  ft  Sohwiak 

W.Kohlmuehft  Heim 

Cells  allowed  to  reet  fSr  iSo  hours  after  charging.        [nomuO. 

The  positive  plates  of  these  Tudor  cells  are  first  formed  bv 
PlanU's  process,  then  the  holes  in  the  grids  are  filled  with 

ar«  not  formed  at  aU,  bat  meraly  have  the  boles  in  the  grids 
fiUed  with  lead  oiide. 

not  be  emploved  at  all  in  the  dlKhargo.  hence  we  were  led 
to  resort  to  tne  vamtion  in  the  P.D. 

A  number  of  experiroenta  were  now  made  on  two  of  the 
ceUa  in  order  that  the  ezaot  ahape  of  the  curvee  of  P.D.  at 
tlie  end  of  the  chan^  and  aiuhai^  might  be  ascer- 
tained. The  curve  shown  in  Fig.  1  ia  the  end  of  the 
P.D.  curve  for  one  cell  on  charging  with  nine  ampeniB 


to  1-6  volts,  indicated  by  the  point  A  on  the  curve  in  Fig. 
2.     Here  -j-  per  cell  has  reached  a  value   I  '4,  V  being 

measured  in  volts  and  t  in  hours.  Below  this  the  curve  has 
a  shape  that  has  not  hitherto  been  noticed,  (or  when  the 
P.D.  per  cell  has  reached  1-556  volts,  indicated  bv  the  point 
B,  the  curve  suddenly  alters  ite  shape,  becoming  tne  straight 
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for  14  honrs  ;  from  which  we  see  that  the  rate  of 
variation  of  the  P.D.  with  time  is  greatest  when  the 
P.D.  is  about  2*36  volts,  indicated  by  the  point  A.  In  Fig. 
2  is  shown  the  curve  of  P.D.  during  the  last  3^  hours  of  a 
dischai^  with  10  amperes,  the  discharge  being  continued 
for  12  hours.  In  this  particular  experiment  the  discharge 
was  allowed  to  continue  until  the  P.D.  fell  to  1-365  volts, 
indicated  by  the  point  C,  which  is  far  lower  than  we  have 
dared  on  any  other  occasion  to  allow  the  P.D.  to  fall.  At 
about  1-8  volte  the  P.D.  curve  begins  to  fall  prettv  rapidly, 
and  the  slope  of  the  curve,  or  the  rate  of  diminution  of  the 
P,0.  with  time,  goes  on  increasing  until  the  P.D.  has  fallen 


line  BC,   with  a  less  inclination    to  the  axis    of  time, 
-_  being  for  this  line  only  0'4t. 

Just  as  we  have  in  the  curve  in  Fig.  2  continued  the 
discharge  much  below  the  usual  limit,  so  we  examined  what 
would  take  place  if  the  chai^ng  was  also  prolonged  much 
beyond  the  usual  limit  Curve  3  shows  the  rise  of  the 
P.D.  when  the  charging  at  452  amperes  was  continued  for 
37)  hours,  35}  hours  being  sufficient  to  fully  charge  the 
cells  with  this  constant  current  of  4'52  amperes— -that  is, 
to  chai^  them  until  the  P.D.  per  cell  was  2'4  volts.  It 
will  be  observed  that  whereas  the  volts  rise  from  3'35  to 
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Dfedliaxge  at  4*858 

amperes. 

Ampere-        Watt- 

hoam.         honrs. 

164*5    ...    8,005 
141*5    ...    3»770 

Disohaige  at  4*808 
amperes. 
148      ..     2.785 


Group  of  10  Cells.— No.  II» 
Charge  at  9*104  amperes.        Percentage. 


Ampere-  Watt-     Quantity    Energy 

honrs.  hours,     efficiency,  efficiency. 

138*6     ...  2,910   ...    111-6    ...     103 

129-7     ...  2,820   ...    109       ...      98 


Charge  at  4*619  amperes. 
141        ...      3,076  .. 


•*. 


102 


90-5 


Now,  not  only  are  quantity  efficiencies  of  105,  103,  111, 
109,  etc.,  per  cent,  impossible,  but  energy  efficiencies  of 
94,  93  per  cent,  are  alsb  too  high,  when  accumulators  are 
beine  charged  and  discharged  at  the  maximum  rate  allowed 
byuie  manufacturers.  Further,  it  is  noticeable  that  for 
each  set  of  tests  both  the  quantity  and  energy  efficiencies 
diminish  on  the  whole  as  the  tests  proceed.  These  cells, 
like  the  other  cells  in  the  Central  Institution  laboratories, 
have  been  charged  at  regular  times ;  and  as  the  number  of 
ampere-hours  taken  out  of  them  for  ordinary  laboratory 
work  varies  very  much,  the  intervale  between  the  periodic 
chargings  are  so  arran^  that  on  the  whole  the  cells  are 
charged  up  much  more  than  they  are  discharged. 


E5riod  than   five   days.    And  as  this  would  be  a  very 
borious  operation  if  the  current  had  to  be  kept  constant 
day  and  night  during  this  period  by  hand  regulation,  we 

Sroceeded  to  construct  the  automatic  current-regulating 
evice  shown  in  Fig.  5. 

A  is  a  set  of  five  accumulators  under  test,  where  B  is  a 
totally  independent  set  of  four  used  to  provide  the  power 
for  working  the  current-regulator.  C  is  a  platinoid  strip 
of  sufficienuy  large  cross  section  and  surface  that  no  ap- 
preciable change  of  resistance  can  take  place  by  the  largest 
current — 10  amperes — that  flows  through  it  in  these  ex- 
periments. D  is  a  permanent  magnet  motor,  the  rotation 
of  which  in  either  direction  turns  the  brass  roller,  E  F, 
very  slowly  in  one  direction  or  the  other,  the  pinion  and 
toothed  wheel  of  the  motor,  combined  with  the  small 
grooved  pulley  on  the  toothed  wheel  shaft  and  the  mach 
krger  grooved  pulley  on  the  roller,  causing  the  angular 
motion  of  the  roller  to  be  about  l-600th  of  the  angular 
velocity  of  the  armature  of  the  permanent  magnet  motor. 
The  brass  roller,  E  F,  is  electrically  divided  into  two 
halves  by  the  ebonite  disc,  G,  and  little  amalgamated 
discs  at  the  ends  of  this  roller  turn  with  but 
little   friction   in   mercury   cups,    H,    L     Bound    each 
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Fio.  6. — ^Antomatio  Cnmnt  Begnlator,  and  Aatomatio  Intermptor  for  Breaking  the  Charging  and  Discharging  Oiroalte. 


Hence  at  the  commencement  of  these  tests  the  cells  had 
a  large  store  of  energy  in  them  on  which  to  draw  in  the 
disclmrges,  the  results  of  which  are  given  in  the  preceding 
table.  From  this  we  learn  this  very  important  tact — that 
if  acomfiulaiors  be  thoroughly  weU  charged  up  before  being  tested^ 
fhenfive  Aayi  eofd\iimym  charging  and  discharging  dIUmaidy 
wUh  even  the  tnaaAimm  currents  aUotoed  by  the  manufacturers 
faUs  to  gwe  the  normal  ffuaniUy,  or  energy,  efficiency. 

It  will  be  noticed  that  both  the  ampere-hours  and  the 
watt-hours  are  increased  by  diminishing  the  current  em* 
ployed.  This  is  partly  due  to  the  fact  tbit  if  a  fixed  P.D. 
limit  per  cell  be  employed  either  in  discharging  or 
charging,  the  cell  is  discharged  until  the  E.M.F.  is  slightly 
lower,  and  charged  until  the  KM.F.  is  slightly  higher  for 
a  snudl  current  than  for  a  larger  one. 

IIL— -Automatic  GuRRSNT-BBGniiATOR. 

We  think  it  possible  that  a  neglect  of  the  power  that 
acoumulaton  possess  of  drawing  on  a  store  of  energy  put 
i  nto  them  in  tormer  Ghargings  may  have  led  experimenters 
to  conclude  that  the  normal  efficiency  of  certain  types  of 
accumulators  was  greater  than  was  really  the  case.  To 
ascertain  the  vjorking  efficiency  of  the  accumulators  we  were 
testing,  it  was  clear  that  thejr  would  have  to  be  charged 
and  dJscharjeed  alternately  with  a  definite  charging  and  a 
definite  discnarging  current  continuously  for  amudi  longer 


half  of  the  roller  are  wound  four  bare  pktinoid  wires 
of  No.  26  gauge,  and  each  about  4}ft.  long.  Their  lower 
ends  are  soldered  to  the  brass  roller,  and  their  upper  ends 
to  the  brass  bar,  J  R,  small  spiral  springs  (not  shown  in  the 
figure)  being  introduced  to  keep  the  wires  taut  The  rod, 
J  E,  is  held  up  bv  a  cord  which  passes  over  two  pulleys, 
and  to  the  end  of  which  is  attached  the  weight,  L.  An 
electric  current  entering  at  HfoUows  the  path,  H,£,  J,E,F,I, 
the  path  being  longer  or  shorter  depending  on  the  amount 
of  the  platinoid  wires  wound  on  the  two  halves  of  the 
brass  roller.  M  is  a  solenoid,  being,  in  fact,  the  coil  of  an 
A.  and  P.  ammeter,  on  the  axis  of  which  a  rod,  P  Q,  was 
very  delicately  poised  by  its  being  supported  by  four  very 
fine  wires  of  No.  40  gauge,  and  each  about  1ft.  long.  Two 
of  the  wires,  N,  on  a  plane  at  right  angles  to  the  path, 
joined  together  where  they  were  connected  with  the 
rod  at  Q,  but  spread  out  at  the  top,  and  similarly  O 
consisted  of  two  wires.  Thus,  while  the  rod,  P  Q,  had 
g|reat  freedom  of  motion  alone  its  axis,  it  could  not  wobble 
sideways.  This  rod  consistea  of  two  pieces  of  brass  at  its 
ends,  but  the  middle  shaded  portion  was  the  well-annealed 
soft  iron  tubular  core  of  the  ammeter.  A  current  passiag 
round  the  coil,  M,  sucked  in  the  core  more  or  less  against 
the  pull  of  the  antagonistic  spiral  spring,  P  F.  This  spring 
was  made  of  platinoid  wire  of  No.  26  gauge,  wound  round 
a  |iiL  mandnl,  and  when  pulled  out  in  position  it  had 
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oniy  enpfl  7  and  8,  and  when,  on  the  P.D.  at  tlie  tenniDals 
of  the  accnmulatora,  A,  raachine  2*4  volte  per  cell,  the 
pointer,  V,  passes  over  and  msEeB  contact  with  u,  an 
iiiBtantaiiDous  small  current  is  sent  by  the  tocumntatora,  A, 
through  the  electroma^et,  x,  which,  attracting  the  arma- 
ture, y,  downwards,  tilte  the  spindle,  z,  and  thereby  lifts  X 
and  the  other  two  contact  forks  out  of  the  three  sets  of  mer- 
cury cups,  thoa  breaking  all  the  circuits.  The  tilting  of  the 
spindle,  z,  also  brings  a  camel's  hair  brush  into  contact  with 
the  balance  of  a  watch,  and  stops  it  at  the  moment  the 
charging  is  completed.* 

In  diBchar^ng  the  cells.  A,  mercury  cap  7  is  con- 
nected to  9  instead  of  to  8.  During  the  discharge  the 
pointer,  u,  reata  against  w,  and  on  the  terminal  F.D.  of  the 
cells  f dling  to  1  '6  volte  per  cell  the  pointer  moves  over, 
comes  into  contact  with  v,  and  an  instantaneous  current 
passes  round  the  electromagnet,  breaks  all  the  circuits,  and 
stops  the  watch.  The  course  of  this  instantaneous  current 
at  the  end  of  the  charge  and  discharge  is  indicated  by  the 
arrows  numbered  consecutively  10,  11, 12,  13, 14,  15,  16, 
and  17. 

To  prevent  any  sluggishness  in  the  action  of  this  in- 
temiptor  from  a  possible  sticking  of  the  pointer,  u,  against 
the  contact-stops  v  or  w,  the  pedestal  supporting  the  set-up 
galvanometer,  s,  was  kept  in  a  constant  state  of  slight 
vibration  by  the  going  of  an  American  clock  works  uat 
were  placed  on  this  p^estal. 

v.— Abqotkb  and  Voltmktrr. 

There  remain  only  to  be  described  the  ammeter  by  means 
of  which  the  current  passing  through  the  accumulators 
could  be  measured  from  time  to  time  in  order  to  see 
whether  the  automatic  regulator  was  doing  ita  duty,  and 
the  voltmeter  for  frequently  measuring  the  P.D.  at  the 
terminala  of  the  accumulatora,  A,  under  test.  Aa  the  cur- 
rent had  only  to  be  very  occasionally  measured,  one 
lyAraonval  galvanometer,  /8,  waa  employed  for  both  pur- 
poses. Ita  coil  was  wound  with  platinoid  wire  of  63  ohms 
resistance,  and  suspended  in  the  way  that  has  been  already 
described,!  which  enables  the  deflection  from  one  end  of 
the  scale  to  the  other  to  be  absolutely  proportional  to  the 
current  The  top  suspension  waa  a  phoaphor-bronze  strip 
l-l.OOOth  inch  thick,  12-l,000thB  wide,  and  about  Ijin. 
long ;  while  electric  contact  was  maintained  with  the 
bottom  of  the  coil  by  means  of  an  extremely  fine  A.  and  P. 
spring,  offering  no  appreciable  torsional  rigidity.  The 
permanent  magnets  employed  belonged  to  an  old  magneto 
machine,  and  into  the  cylindrical  apace  between  their  poles, 
in  which  the  Siemens  armature  formerly  turned,  waa  put  a 
coil  made  of  the  right  shape  to  suit  the  curved  ends  of  the 
magneto  without  it  being  neceesary  to  employ  any  soft 
iron  pole-piecee.  Experiment  showed  that  the  deflection 
right  acioaa  a  scale  2ft.  Sin.  long,  the  zero  for  no  current 
being  at  one  extreme  end,  was  rigorously  proportional  to 
the  current — a  result  which,  as  has  been  already  pointed 
out,  is  very  far  from  being  obtained  with  DArsonval 
galvanometers  as  usually  constructed. 

When  it  waa  desired  to  measure  the  current  paaaing 
through  the  accnmulaton,  A,  a  rocking  switch  was  turned 
BOBS  to  connect  mercury  cup  18  to  20  and  19  to  21; 
whereas  when  it  was  the  P.D.  at  the  terminals  of  the  ac- 
cumulators that  was  to  be  meaaured,  the  rocking  switch 
was  turned  so  as  to  connect  mercury  cup  20  to  23  and  21 
to  22.  In  the  former  case,  with  a  resistance  of  264  ohma 
on  the  resistance-boz  y,  a  current  of  10  amperes  passing 
through  the  cells  and  platinoid  atrip,  G,  produced  a  deflec- 
tion of  600  scale  divisions,  or  60  diviaions  per  ampere ; 
while,  with  a  reaiatance  of  71,570  ohms  in  the  resistance- 
box  S,  a  P.D.  of  10  volts  at  the  terminals  of  the  five  accu- 
mulators, A,  under  test  produced  the  same  deflection  ;  so 
that  60  divisions  corresponded  then  with  one  volt. 
VL— Rmults  Obtained  with  Adtomatio  Appakatus. 

Many  preliminary  experiments  having  been  made  with 
the  automatic  apparatus,  we  succeeded  in  making  it  work 

*  As  it  vas'iindeBirable  to  risk  ui  eKpenBiye  watch,  we  porchased 
ODO  dt  the  watches  that  conld  be  then  obtaiiied  in  St.  Panl'*- 
ehajTchyard  for  3b.  Gjd.  The  watch  was  very  anbetAntial,  bad  a 
very  strong  hajr  Bpring,  wbich  could  not  be  easily  dBinag«d,  a&d 
was  BD  excellent  time  keeper — fikr  superior  to  many  watches  of  a 
far  more  expenBtve  charaoter. 

t  See  paper  on  "  Galvanometera,"  PUf,  Maq.,  July  IS90. 


quite  satisfactorily  by  the  beginning  of  May,  1889,  and  it 
was  adjusted  to  charge  five  accumulators,  A  (Fig.  5),  with 
a  steady  current  of  nine  amperes  until  the  P.D.  reached  S'4 
volts  per  c^  and  to  discharge  them  with  a  steady  current 
of  10  amperes  until  the  P.D.  fell  to  1'6  volte  per  cell 
Aft«r  12  days  and  night  had  been  apent  in  continuous 
charging  and  discharging,  the  cells  reacned  a  normal  state, 
the  time  rise  of  P.D.  in  charging  and  the  time  fall  in  dis- 
charging being  at  length  repeat«d  over  and  over  a^in,  so  that 
when  the  time  curves  were  drawn  for  the  succeseive  charges 
they  exactly  coincided,  and  so  for  the  discharge  curves. 


Fro.  6. 

The  areas  of  these  curves  measured,  of  course,  from  the 
zero  of  P.D.,  which  is  much  below  the  figure  as  hare  drawn, 
may  thua  be  said  to  give  the  "workmg  watt-houra"  for 
charge  and  for  discharge  when  the  charge  and  dischai^e  are 
affected  between  limits  of  1-6  and  24  volts  per  ceU.  Fig.  6 
shows  the  discharge  curves  obtained  on  May  I6th,  17th, 
18th,  and  19th,  the  points  for  each  of  the  discharges  being 
indicated  by  points  differently  marked  as  stated  on  the 
figure;  and  Fig.  7  shows  the  intormediate  charge  curves 
obtained  on  May  17th,  18th,  and  19th.  Integrating  these 
curves,  we  find : 

116    ...    221-8    117    2Ba-2    98-8    .,.  86-5 

Soon  after  this  very  concordant  set  of  results  waa 
obtained,  the  time  of  clurging,  which  had  remained  steadily 
at  13  hours  from  the  commencement  of  May,  b^an  to  in- 
crease to  15^  hours,  while  the  time  of  discharge  only 
increased  halt  an  hour — that  ia,  to  about  12  hours.  At  first 
we  thought  that  we  had  been  trying  to  charge  the  cells  too 
much,  BO  we  stopped  the  chai^ng  when  the  PJ>.  per  cell 
rose  to  2-35  volta ;  but  the  time  of  charging  still  continued 
to  increase,  until  at  last  it  rose  to  24  hours,  the  time  of  dia- 
chai^e  still  romaining  about  12  hours.     On  again  reducing 


F».  7. 

the  P.D.  limit  on  chai^ng,  the  P.D.  per  cell  now  refusing 
se  to  2-35  volts,  both  the  times  of  charging  and  dis- 
chaiging  became  very  irregular,  and  at  length  the  time  of 
charging  suddenly  fell  to  10  hours  and  the  time  of  dis- 
chargii^  to  six.  On  carefully  examining  the  plates,  they 
were  found  to  have  badly  scaled  and  to  have  auddenly 
become  partially  short-circuited;  they  were  therefore  care- 
fully scraped,  and  the  mud  allowed  to  settle  at  the  bottom, 
where,  in  consequence  of  the  special  construction  of  the 
1888  cell,  it  could  remain  without  short-circuiting  the 
plates.  Only  a  few  plugs  fell  out  in  this  operation.  This 
sediment  was  afterwards  weighed  and  anal^ved,  showing  a 
composition  that  will  be  referred  to  in  Section  VIH,  on  the 
Cbemioal  ^tion, 
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We  now  concluded  that  we  had  been  mnning  the  cella 
too  low,  and  we  therefore  decided  to  stop  the  discharge 


depreciation  of  the 
we  think  that  the 
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celL    From  what  we  have  since  seen, 

discharge  should  be  stopped  even  still 

sooner — ^when  the  P.D.  per  cell  has 

reached   1*9,  or   1*85  volts  at   the 

lowest 

We  therefore  adjusted  the  auto- 
matic interruptor  to  stop  the  dis- 
charge when  the  P.D.  per  cell  was  1*8 
volts,  and  the  immediate  result  of 
this  was  to  bring  the  time  of  charg- 
ing up  to  121  hours,  and  to  bring  up 
the  time  of  discharging  to  10^ 
hours. 

After  continuing  the  charging  and 
discharging  contiauouslv  day  and 
night  for  13  days,  the  cells  reached  a 
perfectly  steady  state.  Fig.  8  shows 
the  time  curve  of  P.D.  per  cell  in  the 
discharges  finished  in  the  early  morn- 
ing of  June  19th,  recommenced  in 
the  night  of  June  19th,  and  again 
commenced  late  on  June  20th,  all 
the  three  discharges  being  so  pre- 
cisely similar  that  they  can  be  repre- 
sented by  one  curve ;  and,  similarly, 
Fig.  9  shows  the  intermediate  charg- 
ing curves  on  June  18th,  19th,  and 
20th,  which  were  also  exactly  the 
same.  The  times  of  the  three  dis- 
charges and  of  the  three  charges 
were,  respectively,  in  hours  and 
minutes — 

TiMBS  OV  SnOOKSSIVB 
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lOh.  lOuL  llh.  37m. 

lOh.  11m.  llh.  37m. 

showing  to  what  an  absolutely  de- 
finite state  cells  arrive  after  a  definite 
cycle  of  charge  and  discharge  between 
&ced  limits  has  been  repeated  con- 
tinuously without  interruption  for 
some  weeks. 
Integrating  these  curves,  we  find — 


when  the  P.D.  per  cell  fell  to  1*8  volts,  retaining  the  higher 
limit  of  2*4  volts  per  cell  to  limit  the  charge.  It  is  inte- 
resting to  notice  that  Dr.  Louis  Duncan  and  Mr.  H. 
Wiegand,  in  their  paper  on  **  The  Inherent  Defects  of  Lead 
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IFio.  a 

Batteries,"  read  before  the  American  Institute  of 
Electrical  Engineers,  and  which  we  saw  for  the  first 
time  at  the  end  of  June,  reprinted  in  the  Electrical 
Wofldt  come  to  exactly  the  same  conclusion — ^that  the  dis- 
charge should  he  terminated  at  1*8  volts  per  cell,  otherwise 
tibere  is  a  formation  of  white  lead  sulphate  and  a  rapid 


Fio.  9. 


!|  The  numbers  contained  in  this  last  table 
may  probably  be  considered  as  giving  the 
steady  working  values  for  this  sijse  and  type  of 
cell.  230*7  watt-hours  are  equivalent  to  612,200  foot- 
pounds, and  as  the  positive  and  negative  plates  of  one 
cell  weigh  281b.  lOoz,  the  working  storage  capacity  is 
21,380  toot-pounds  per  pound  of  plate 


(To  he  conHnuecL) 
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IMPORTANT  NOTICE. 


We  may  occasionaUy  fdUau)  the  lead  of  our  American  Contem- 
poraries, espedaUy  ^ehen  they  point  out  a  sermceable  tooy.  They 
are  not  backward  in  asking  their  friends  todo  aU  they  can  for  the 
todfare  of  the  paper.  We  ask  ow  friends  to  remember  us.  No 
Paper  tha;t  we  know  ever  reuses  Subscribers  or  Adeertisers^  Nor 
do  we;  in  fact,  we  invite  them,  believing  thai  they  vriU  get  fuU 
value  for  their  money. 

Specimen  copies  of  the  paper  tOiR  be  sent  on  request. 


BRUSH  V.  KING,  BROWN. 

Another  judgment ;  another  bill  of  costs,  and  the 
close  of  another  chapter  of  litigation  is  to  be  found 
in  the  judgment  given  at  Edinburgh  in  this  case. 
Briefly  put,  the  Brush  claim  to  compound  winding 
is  held  to  be  invalid.  King,  Brown,  and  Go.  can  go 
on  making  their  machines,  and  the  Brush  Co.  are 
mulcted  in  expenses.  Mr.  Varley  is  held  to  have 
anticipated  Brush.  It  is  useless  to  be  wise  after 
the  event,  but  many  people  will  wonder  what  will 
be  the  exact  effect  of  this  judgment.  Most  makers, 
disgusted  with  Utigation  in  any  shape  or  form, 
agreed  to  arrange  matters,  feeling  that  it  would 
cost  less  in  the  long  run  than  would  the  lawyers. 


DEATHS   FROM  ELECTRIC  CURRENTS. 

The  world  of  opposition  has  from  time  to  time 
been  moved  to  its  very  centre  by  the  records  of 
accidents  from  electric  currents.  From  the  time  of 
the  accident  on  board  the  Emperor  of  Bussia's  yacht 
to  the  present,  those  who  oppose  the  introduction  of 
electrical  energy  have  used  every  effort  to  imbue  the 
minds  of  the  multitude  with  the  idea  that  electricity 
is  fearfully  and  wonderfully  dangerous.  In  order  to 
make  a  greater  impression,  some  of  the  daily  papers 
inserted  telegrams  and  paragraphs  from  their  cor- 
respondents, especially  from  America,  till  readers 
began  to  believe  that  the  use  of  electricity  led  almost 
to  the  decimation  of  the  population.  Then  we  heard 
of  walking  sticks,  umbreUa  handles,  and  life  pre- 
servers that  were  to  contain  electrical  energy  in 
some  form  or  other  that  should  prove  as  disastrous 
to  the  human  race  as  snake  bites  or  mountain  dew. 
We  endeavoured  to  point  out  that  most  of  the 
accidents  were  preventable,  that  in  many  instances 
the  imagination  replaced  fact,  and  that  duly  in- 
stalled electric  energy  should  be  safer  than  moving 
mill  wheels,  or  gas  pipes.  Lately  there  has  been  a 
lull  in  sensational  paragraphs,  the  necessary  material 
not  being  to  hand,  probably  from  greater  care  being 
taken  by  those  engaged  in  electrical  work. 

There  has,  however,  been  just  issued  a  parliament 
tary  paper,  containing  a  copy  of  the  correspondence 
between  the  Foreign  Office  and  the  Board  of  Trade 
with  reference  to  deaths  from  electric  currents  in 
the  United  States.  It  seems  that  the  American 
Government  could  not  furnish  a  list,  because  there 
was  no  list  compiled,  but  the  efforts  of  the  Foreign 
Office  to  get  at  facts  were  rewarded  in  a  small 
measure  by  obtaining  an  authoritative  list  of  deaths 
from  electricity  in  New  York  City  from  January  1, 
1887,  to  May  15, 1890.  This  list  is  gruesome  enough 
in  all  conscience,  and  its  discussion  is  unpleasant, 
but  it  is  necessary  to  consider  the  cases  to  see  how 
fiaj:  our  contention  is  correct,  that  in  the  majority 
of  cases  accident,  and  especially  fatal  accident,  was 
preventablot 
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force  for  members  of  the  Institution.  Some  more 
thoughtfdl,  more  free,  or  possibly  better  sailors 
than  others,  had  arranged  to  go  down  by  boat  from 
London  to  Edinburgh  on  the  Saturday  and  arrived 
some  time  in  the  Sunday  afternoon.  As  the  sea  was 
smooth  and  the  weather  comparatively  fine,  this  was 
a  pleasant  and  healthy  interlude.  The  great  railways 
run  very  fast  trains  to  the  North,  and  one  service, 
the  10  o'clock  from  King's  Cross,  does  the  distance 
in  8^  hours.  Fortunately,  the  verv  bad  weather  that 
has  prevailed  for  so  long  lifted,  and  Edinburgh 
looked  very  pleasant,  clean,  and  fresh  after  the  long 
journey.  Most  of  the  members  took  a  short  look 
round  the  exhibition  on  Monday  evening  for  an  hour 
or  so  after  the  dinner  on  arrival. 

On  the  Tuesday  morning  the  members  assembled 
at  half-past  ten  in  the  lecture  hall  to  hear  Dr. 
Walmsley's  paper,  written  at  the  request  of  the 
council,  and  describing  or  indicating  the  more 
noticeable  features  of  the  exhibition,  but  mainly  the 
electrical  ones,  so  that  the  members  might  have  a 
foretaste  and  a  critical  menu  of  the  good  things  they 
will  see  and  admire.  The  members  of  the  council 
who  were  present  included  the  president  (Dr.  Hop- 
kinson),  Sir  Henry  Mance,  C.I.E.,  Mr.  Preece,  Mr. 
Spagnoletti,  Mr.  Kapp,  Prof.  Perry,  and  Mr.  Nalder. 
Mr.  Webb,  the  secretary,  was  very  largely  aided  in 
his  engagements  by  Mr.  A.  B.  Bennett,  who  has  been 
largely  instrumental  in  the  arrangement  of  the  elec- 
trical part  of  the  exhibition.  Lord  Bury  was  also 
present,  and  the  attendance  of  M.  HospitaUer  and 
his  colleague,  M.  G.  Boux,  from  Paris,  was  much 
appreciated.  Dr.  Hopkinson,  who  presided,  opened 
the  meeting,  saying  that  although  the  time  was  not 
yet  for  returning  thanks  to  the  executive  of  the  exhi- 
bition, he  thought  they  would  all  feel  grateful  for  the 
trouble  they  had  taken  in  arranging  K)r  the  Institu- 
tion. The  exhibition,  he  said,  was  a  great  deal  better 
and  more  interesting  than  he  had  thought.  He  had 
to  make  the  announcement  that  Sir  Archibald 
GampbeU  had  given  an  invitation  to  the  members  to 
visit  his  private  works  and  laboratory,  which  were 
extremely  interesting :  one  thing  specially  so  being 
the  largest  influence  machine  in  the  world,  a  machine 
that  had  been  onl^  recently  constructed.  Mr.  J.  B. 
Johnstone,  of  8,  Dalousie-terrace,  was  also  wishing 
to  show  members  experiments  which  he  had  men- 
tioned in  his  recently  published  book. 

Dr.  Walmsley's  paper,  which  we  shall  give  in  due 
course,  dealt  first  with  the  historically  interesting 
part  of  the  exhibition,  then  with  the  electric  lighting 
arrangements,  the  prime  movers,  the  transmission 
of  power,  the  instruments,  and  the  telephones.  Mr. 
Preece,  in  commenting  upon  the  paper,  mentioned 
the  intere^iting  fact  that  there  are  at  the  present  time 
16  multiplex  telegraph  circuits  at  work  in  Great 
Britain  on  Delaney's  system.  He  had  noticed  the 
instruments  in  the  Philadelphia  Exhibition  of  1884, 
had  tried  it,  adopted  it,  the  Post  Office  had  taken  it 
in  hand  and  had  found  or  made  it  a  real  practical 
instrument,  while  the  Americans  themselves  have 
not  as  yet  used  it  at  all. 

Mr.  A.  B.  Bennett  next  read  a  paper  in  which  he 
dealt  with  some  httle  noticed  or  little  understood 
electrical  reactions  in  telegraph  and  telephone  wires 
themselves.  Many  curious  noises  are  heard  in  tele- 
phone lines :  occasionally  he  had  tried  and  found 
deflections  able  to  be  registered  on  a  sensitive  gal- 
vanometer. He  had  resolved  to  investigate  these 
actions  and  the  origin  of  these  foreign  currents.  The 
outcome  of  his  investigations  given  in  the  paper 
were :  first,  that  the  introduction  of  copper  wires 
working  in  conjunction  with  or  near  iron  wires,  as  is 
now  often  the  case  all  over  England,  produced  in 
wet  or  damp  weather  an  electric  couple  or  cell  when 


the  insulators  became  covered  with  a  film  of  water. 
The  deflection  in  wet  weather,  or  when  the  insulators 
were  wetted  in  the  test-room,  was  positive  for  copper 
and  negative  for  the  iron  wire,  the  latter  being  much 
the  less.  These  effects  he  traced  to  the  action 
of  the  damp  upon  both  the  iron  line  wire  and  the 
iron  bolts  of  the  insulators,  the  less  deflection  of  the 
iron  being  due  to  the  partial  earthing  of  these  by  the 
wet  wood  of  the  poles.  He  also  mentioned  that  the 
charge  necessary  for  the  wires  was  greater  in  wet 
weather,  due  to  the  extension,  as  it  were,  of  the 
capacity  of  the  wire  to  the  wet  film.  He  also  found 
he  could  polarise  the  wire  and  the  supposed  electric 
couple,  and  even  obtain  a  back  current,  making  the 
copper  and  iron  couple  act  as  a  secondary  battery. 
He  also  pointed  out  other  effects. 

Mr.  Preece  said  the  phenomena  were,  he  thought, 
indicated  in  Fleeming  Jenkin's  book,  where  it  was 
shown  that  in  wet  weather  voltaic  currents  were 
formed  due  to  the  action  of  the  water.  In 
practice  these  were  not  any  serious  detriment.  He 
had  spent  whole  nights  listening  to  the  sounds  in  the 
line  wires  through  a  telephone,  some  like  a  child  crying, 
some  like  a  young  -bird  m  its  nest.  He  thought  pos- 
sibly these  might  be  sometimes  attributed  to  the 
swaying  of  the  line  across  the  field  of  the  earth's 
magnetism.  Some  were  due  to  atmospheric  electri- 
city. Foreign  currents  due  to  the  induction  from 
electric  stations  were  a  cause  of  considerable  difficulty. 
The  Deptford  station  had  given  the  Post  Office  very 
evident  symptoms  of  its  presence,  and  the  influence 
had  even  been  felt  in  Paris.  At  Blackpool,  when 
the  current  for  the  tramway  rose  and  feU,  the  tele- 
graph felt  the  effect.  At  Gretna  he  had  discovered 
distmct  traces  of  currents  45  miles  away.  Electric 
discoveries  and  apphcations  were  increasing,  and  this 
led  to  greater  notice  being  taken  of  these  smaUer  inter- 
ferences, electric  works  were  being  estabhshed,  and  at 
the  same  time  instruments  were  more  delicate.  The 
current  distinctly  heard  in  a  telephone  was  to  be 
represented  in  amperes  by  thirteen  oughts  with  a  one 
at  the  end.  Greater  delicacy  has  shown  currents 
which  may,  in  the  future,  cause  trouble,  but  have  not 
done  so  as  yet.  Mr.  Heaviside  mentioned  that  he 
had  used  the  effect  described  to  clean  the  insulators. 
By  substituting  copper  wire  for  iron  wire  the  deposit 
of  oxide  could  be  gradually  cleaned  off,  and  a  source 
of  loss  of  insulation  removed.  Mr.  Bennett,  in  re- 
plying, thought  the  increased  effect  now  noticed  was 
due  to  the  increase  of  copper  lines  all  over  the 
country.  As  to  the  swaying  he  had  made  experi- 
mentSy  and  succeeded  in  obtaining  a  rh3rthinical 
deflection  by  the  swaying  of  the  line  across  the 
earth's  field.  An  American  gentleman  who  lately 
visited  him  had  said  they  never  attempted  to  use  the 
telephones  after  nine  at  night  on  account  of  the 
electric  light,  which  started  then.  The  telephone 
communication  had  been  much  deteriorated  by  the 
increase  of  electric  roads,  and  considerable  litigation 
was  in  progress.  The  telephone  companies  wished 
the  tramway  companies  to  run  metallic  circuits,  and 
the  tramway  companies  desired  the  telephone  com- 
panies to  do  so.  Which  would  be  decided  he  did  not 
know,  but  this  was  the  great  question  which  is  being 
debated  in  the  United  States  at  the  present  time. 

After  papers  it  was  announced  that  Dr.  Walmsley 
and  Mr.  A.  B.  Bennett  would  constitute  themselves 
personal    conductors,  and  take  the    members    in 

f>arties  round  to  the  most  interesting  exhibits  after 
unch.  In  the  afternoon,  therefore,  the  members 
passed  in  a  busy  questioning  and  listening  body  round 
the  machinery  department  under  the  guidance  of 
these  two  gentlemen. 

The  exlubition  has  been  very  well  and  careftdly 
laid  out|  and  must  be  concluded  to  be  a  distinct 
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success.  It  was  thought  to  be  some  distance  from 
Edinburgh,  but  in  reality  it  is  only  just  on  the 
outskirts,  and  trams,  electric  launches,  and  the  rail- 
way, of  which  there  is  a  special  station  in  the 
exhibition,  run  continually.  Coming  from  the 
beautiful  city,  with  its  clean  stone  buildings  and 
streets,  its  imposing  University  fronts  and  the 
gardens  before  them,  the  Castle  massively  topping 
the  rising  hill,  one  sees  the  broken  sky  hne  of  hiU 
and  dell  on  every  side.  From  the  exhibition  ground, 
at  Merchiston,  one  has  the  lovely  Pentland  Hills  as 
a  background  to  the  buildings,  posts,  and  walks  of  the 
exhibition.  The  buildings  are  handsome  in  their 
way  and  are  very  well  arranged.  The  grounds  are 
well  laid  out  and  are  filled  to  overflowing  with  extra 
shows.  Here  the  sliding  railway,  there  the  Japanese 
village;  again  the  electric  launches,  an  ingenious 
ship  railway  (the  ship  floating  on  indiarubber  bags), 
the  electric  railway,  besides  panoramas,  switchbacks, 
and  the  hoc  geniis  omnes  of  exhibitions.  The  ma- 
chinery hall  holds  a  fine  position  in  the  centre,  and 
the  dnvin^  and  lighting  machinerfr  have  the  position 
of  honour  in  full  view  of  every  visitor. 


CORRESPONDENCE. 


FIRE  OFFICE  BULES. 
To  THB  Editor  of  thi  ELscrRiCAL  ENomEER, 

Snt, — I  venture  to  trespass  on  your  valuable  space  in 
reference  to  a  matter  which  is  engaging  a  considerable 
amoont  of  attention  among  electri<»l  contractors  at  the 
present  time — viz.,  fire  office  rules. 

Formerly  most  contractors  carried  out  their  work  as 
nearly  as  possible  in  accordance  with  the  Phoenix  rules,  but 
DOW  every  fire  office  has  a  special  set  of  rules  for  electric 
lighting  on  its  own  account.  This  was  of  course  to  be 
expected,  as  competition  among  insurance  offices  is  as  keen 
as  ID  any  other  business. 

What  is  the  electrical  contractor  to  do  1  In  an  impor- 
tant installation  the  building  and  contents  are  often  in- 
sored  in  three  or  four  leading  offices,  all  of  whom  ask  if  the 
work  has  been  carried  out  in  accordance  with  their  par- 
ticular rules,  and  how  can  this  possibly  be  done  when  the 
rules  vary  in  important  respectis  f 

It  seems  to  me  that  the  sole  remedy  is  for  the  electrical 
contractor  to  work  carefully  in  accordance  with  the  rules 
laid  down  by  the  Institution  of  Electrical  Engineers.  If 
these  rules  are  considered  insufficient  in  any  particular 
respects  contractors  will  soon  hear  of  it,  and  where  there 
is  any  consensus  of  opinion  a  report  should  be  made  to  the 
Institution,  and  a  periodical  revision  of  the  rules  under- 
taken by  a  committee. 

This,  I  believe,  would  do  away  with  the  present  hopeless 
condition  of  affairs,  when  a  surveyor  from  one  leading  office 
expresses  great  satisfaction  with  work  one  day,  and  the 
next  day  a  surveyor  from  another  equally  important  office 
swoops  down  ana  harrasses  the  contractor  by  demanding 
alterations  which  can  best  be  described  by  F  A  D  in  capitals. 

31,  King-street,  W.C,  July  27.         John  B.  Verity. 


THE  LINEFF  TRAMWAY  SYSTEM. 

To  the  Editor  of  the  Electrical  Engineer. 

Sib,— In  your  issue  of  11th  inst.,  Mr.  Holroyd  Smith 
describes  what  he  calls  his  "  snake  trick,''  and  winds  up  his 
letter  by  saying  "  after  going  into  the  matter  pretty  freely 
at  the  time,  I  came  to  the  conclusion  that  the  'pros '  did 
not  equal  Uie  '  cons/  and  my  drawings  and  modeb  have  all 
been  packed  away  and  labeUed  *  Historic' " 

I  was  prepared  to  hear  the  usual  cry  "  I  did  it  before 
toil"  I  do  not  wish  to  throw  any  douot  on  Mr.  Holroyd 
Smith's  statement,  and  am,  therefore,  quite  ready  to  adniit 
the  possibility  of  the  existence  of  such  things  in  his  ''  His- 
toric "  collection,  but  that  he  did  not  attach  much  import- 
ance to  U^e  idea  i^  evidept  from  the  fact  that  qo  traoe  of  it 


is  to  be  found  in  the  numerous  Blue-books  relating  to  his 
inventions. 

Mr.  Holroyd  Smith  is  good  enough  to  offer  some  advice 
as  to  avoiding  certain  difaculties  which  he  has  encountered 
in  working  on  a  system  which  in  the  end  turns  out  to  be 
only  good  enough  to  be  discarded.  I  am  much  touched  by 
this  mark  of  goodwill,  but  as  my  conductor  answers  its  pur- 
pose admirably,  while  the  "  snake  trick,"  after  getting  as 
far  as  the  model  stage,  is  consigned  to  oblivion  even  by  its 
inventor,  I  think  I  am  in  a  better  position  to  offer  my 
advice  to  him.  Apparently  Mr.  Holroyd  Smith  also  thinks 
there  is  something  in  this,  for  he  says  :  "  I  am  therefore 
curious  to  know  what  Mr.  Lineff*s  method  will  be." 

However,  I  am  not  inclined  to  go  into  this,  but  I  can 
certainly  tell  Mr.  Holroyd  Smith  why  his  tri(^  will  not 
answer.  The  spiral  he  adopts  is  about  the  worst  possible 
form  to  convey  the  magnetic  lines.  Talk  about  lock 
stitches  and  chain  stitches.  The  difficulty  in  Mr.  Hohx>yd 
Smith's  arrangement  is  to  catch  them,  for  they  are  sure  to 
exist  in  all  directions  where  thev  are  not  wanted,  and  to  be 
conspicuous  by  their  absence  where  they  could  do  useful 
work.  And  this  scarcity  of  "  stitches  "  is  tixe  r^  reason 
that  the  "snake  "  had  to  be  considered  '' historic" 

The  longitudinal  sketch  again  proves  that  Mr.  Holroyd 
Smith  has  verv  little  idea  of  what  really  takes  place  under 
the  surface  rau.  The  spiral  can  never  be  attracted  in  the 
manner  indicated.    It  will  either  make  contact  at  A  A  or 


B 
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both  at  A  A,  B  B,  and  the  power  required  to  effect  the 
attraction  will  be  enormous. 

With  regard  to  what  Mr.  Hohx>yd  Smith  takes  for  pins 
for  hauling  purposes,  his  remarks  would  certainly  have 
some  point  if  this  is  what  they  were.  As,  however,  they 
happen  to  be  wire  brushes,  I  may  be  excused  if  I  do  not 
feel  any  great  amount  of  gratituae  for  his  suggestion. 

In  conclusion,  I  may  say  that  there  is  no  "  trick  "  what- 
ever about  my  magnetic  conductor.  It  is  the  result  of  a 
great  deal  of  patient  and  painstaking  work,  and  it  took  me 
six  months  to  arrange  my  rails  so  as  to  reduce  the  current 
necessary  to  raise  my  conductor  from  six  to  *25  amperes, 
which  it  now  requires. — Yours,  etc., 

A.  Lineff. 

11,  Queen  Victoria-street,  London,  KG.,  July  16. 


ACCUMULATOR  TENDERS  FOR  TRAMWAY  WORK, 
To  THE  EDrroR  of  The  Electrical  Engineer. 

Sir, — ^My  attention  has  been  drawn  to  a  paragraph  in 
your  impression  of  the  11th  inst,  in  reference  to  accumu- 
lator tenders,  wherein  you  say  that  "  M.  Paul  Gkdot  is 
advocating  the  use  of  auxiliary  cars  for  street  tramways,  to 
go  in  front  of  the  care  and  carry  the  accumulators,  the 
motor  beine  on  the  tramcar  itself."  As  you  rightly  observe, 
this  methoQ  was  devised  and  patented  by  me.  May  I  ask 
you  to  be  good  enough  to  let  me  know  the  source  of  your 
mformation.  M.  P.  Qadot  is  an  absolute  stranger  to  me, 
and  why  he  should  advocate  my  system,  I  am;at  a  loss  to 
conceive.  As  resaids  the  present  position  of  this  method 
of  using  accumulators  for  tramway  work,  I  can  only  say 
that,  so  far  as  practical  development  is  concerned,  nothing 
has  been  done,  but  in  the  near  future,  when  the  adoption 
of  electricity  as  a  motive  power  will  be  an  accomplished 
fact|  I  am  convinced  that  the  system  identified  with  my 
name  will  be  an  important^  if  not  an  absolutely  necessary, 
factor. 

You  are  at  liberty  to  publish  this  letter,  should  you  think 
proper ;  meanwhile  I  should  be  glad  of  the  information  I 
ask. — Yours,  etc.,  W.  D.  Sandwell, 

yictor-it)ad,  Holloway,  N.,  12th  July,  1890. 


THE  EDINBURGH  EXHIBITION.— XI. 


At  stand  59a,  Machinery  Hall,  Messrs.  Priestman  Bros., 
Limited,  of  Holderness  Found^,  Hull,  also  of  London  and 
Glasgow,  have  an,  interesting  exhibit,  comprising  some 
specimens  of  their  patent  qA  epgiAes  ^hown  bx  motion 
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driTing  electric  lif;bting  plant.  These  engineB,  which  are 
noT  becoming  well  known  and  which  have  been  nrnch 
improved  of  ute,  are  examples  of  one  of  the  latest  and 
most  aucceBBful  meUiods  of  produciag  motive  power  from 
BO  easily  obtained  a  material  aa  the  common  mineral  oils  of 
commerce,  such  as  ordinary  petroleum,  paraffin,  etc.,  a 
supply  of  which  can  be  had  in  almost  every  town  or  villi^ 
throughout  the  world.  This  Is  an  advantage  which  canoot 
be  over-estimated  in  plaoee  where  coal  for  steam  engines  or 
coal  gas  is  not  available  or  is  expensive.  A  further  im- 
portant feature  is  the  use  in  the  enginee  of  the  ordinary 
lamp  oils,  with  which  there  is  no  duiger  either  from  igni- 
tion or  otiierwise,  in  distinction  to  the  spirit  such  as  ben- 
aoline,  naphtha,  etc.,  which  is  used  in  some  other  engines, 
and  aa  to  which  there  are  certain  reatriotions.  The  method 
by  which  the  motive  power  is  pioduoed  is  briefly  as  follows  : 
The  oil  is  stored  in  a  small  tank  from  which  it  is  forced  by 
air  pressure  into  a  heated  chamber,  which  it  enters  in  the 
form  of  a  spray ;  the  heat  here  converts  the  spray  into  a 
vapour  or  gas.  This  is  then  drawn  into  the  cylinder, 
together  with  the  requidtA  quantity  of  air  to  form  a  com- 
bustible charge,  by  the  action  of  the  piston  in  ita  forward 
stroke,  and  after  comiH-ession  by  the  piston  upon  its  return 
stroke  is  ignited  by  an  electric  spark.  After  the  explosion 
the  exhaust  is  allowed  to  escape  from  the  cylinder  tnrough 
the  valve,  and  passes  first  through  the  jacket  of  the  vaporis- 
ing chamber,  for  the  purpose  of  beating  the  incoming 
ctui^e,  and  tiience  through  the  exhaust  pipe  into  the  open 


details  for  the  preparation  of  tlie  oil  vapour,  are  fitted 
indde  the  bedplate  of  the  engine,  and  secored  to  a  cast-iron 
soleplate,  upon  which  the  bedpl^  is  mounted.  The  sole- 
plate  extends  entirely  over  t^e  bottom  of  bedplate,  and 
thus  makes  the  fixing  of  the  engine  upon  foundations  very 
simple.  The  bedplate  has  dooTB  placed  in  a  conveaienl 
position,  so  that  the  parts  in  the  interior  can  be  easily 
examined,  and  through  these  doors  any  of  the  parts  may 
be  taken  out  very  easily. 

Exhibit  No.  3  consisU  of  one  2  b.p.  nominal  Priestman's 
patent  oil  engine,  which  is  also  complete  with  flywheel 
and  all  details  precisely  as  described  in  the  6  h.p.  referred 
to  above. 

Both  engines  can  be  seen  in  motion,  and  are  employed 
to  drive  an  electric  light  installation  for  lighting  the  stand. 
The  power  is  taken  m)m  the  engines  by  means  of  belts 
worlong  upon  the  flywheels  to  a  countershaft  placed  at  the 
back  of  the  stand,  which  is  so  arranged  that  either  one  or 
both  engines  may  be  used  for  working  the  dynamo,  which 
is  driven  by  a  belt  from  the  countershaft. 

The  electrical  installation  comprises  a  small  Tyne 
dynamo  (made  by  Ernest  Scott  and  Co.,  Newcastle-upon- 
Tyne),  a  set  of  accumulators  or  storage  cells,  and  an 
arrangemsnt  of  fittings,  lamps,  measuring  instruments,  etc., 
to  niEtke  the  whole  complete. 

The  above  exhibits  combined  together  are  intended  to 
represent  a  complete  electric  lighting  plant  and  installation 
as  worked  by  Priestman's  oil  engina,  such  aa  are  now  being 


air.  Tha  oil  which  is  used  in  this  way  is  almost  entirely 
consumed  there,  the  waste  gues  passing  away  in  the 
exhaust,  which  eonsists  of  a  tiun  vapour.  AnotLer  point 
worthy  of  mention  is  the  absence  of  carbon  deposit  in  the 
cylinder,  due,  firstly,  to  the  complete  combustion  that  takes 
place,  and  also  to  tfais  fact  that  no  lubricating  oil  is  needed 
in  the  cylinder,  the  necessary  labrication  being  done  by  the 
oil  vapour  during  aotiom  The  electric  spark  for  igniting 
the  charge  is  supplied  from  a  small  primary  battery  of  the 
aingle-fluii  type,  which  is  very  simple  aixJ  easily  under- 
stood ;  but  in  order  to  further  simplify  this  the  makers 
have  devised  an  arrangement  by  which  a  small  storage  cell 
can  be  used  in  pLwe  of  the  battery,  and  we  were  told  that 
by  this  arrangement  it  is  possible  to  work  the  engine  for 
three  months  without  recharging  the  cell.  In  cases  where 
the  engines  are  used  for  driving  electric  lighting  installa- 
ti(uu  in  which  accumalators  are  employed,  connections  can 
be  taken  direct  from  them  if  thought  desirable,  entirely 
preventing  any  risk  of  failure. 

The  exfubits  comprise  one  6  h.p.  nominal  Priestman's 
patent  oil  ennne,  horizontal  tjrpe,  fitted  complete  with  fly- 
wheel, oil-tank,  air  pump  vaporiser,  and  all  detdls  required 
for  the  preparation  of  combustible  charga  Water  pump 
for  cooling  cylinder  is  also  fitted,  and  separate  water-tanks 
fixed  to  show  all  that  is  necessary  for  tne  proper  working 
of  the  engine.  In  this  engine,  as,  in  fact,  in  all  engines  of 
the  hmuontal  type,  the  design  and  construction  make  the 
whole  very  compact    The  oil-tank,  vaporiser,  and  other 


used  considerably,  and  are  very  suitable  tat  i 

private  houses,  nulls,  factories,  central  stations,  etc. 

Another,  and  perhaps  the  most  important,  exhibit  which 
Messrs.  Priestman  Bros,  have,  is  a  9  h.p  nominal  Priest- 
man  oil  engine,  which  is  placed  in  a  separate  building  near 
the  Venetian  glass  factory,  and  is  used  for  driving  ttie 
dynamo,  etc.,  for  the  search-light  in  tower  at  main 
entrance.  The  engine  is  of  the  horizontal  type,  and  is 
complete  in  all  respects  as  those  previously  described,  and 
is  BO  situated  that  to  those  who  are  interested  every  oppor- 
tunity is  given  them  of  making  a  thorough  examination  of 
all  the  parte.  This  plant,  being  placed  aa  it  is  away  from 
all  other  sources  of  power,  and  without  either  steam,  gas, 
or  water  supply,  formi  a  periect  illustration  of  the  great 
suitability  of  the  oil  engine  for  isolated  places,  as  by  ita  use 
electric  light  or  power  can  be  easily  generated  and  con- 
veyed to  required  positions.  This  wiU  be  of  special  ad- 
vantage for  lighthouses  and  similar  stations,  particularly  as 
the  oil  used  in  the  engines  is  that  which  is  used  for  the 
lamps,  etc.  As  an  example  of  their  utility  in  this  latter 
respect,  we  are  informed  that  Messrs.  Priestman  Bros,  have 
some  of  their  engines  put  to  work  at  Carswell  Lighthouse, 
near  Stranraer,  and  owing  to  the  successful  resulta  of  the 
severe  tests  to  which  they  were  submitted,  tha  Northern 
Lighthouse  Board  have  placed  orders  for  further  engines 
of  this  type  for  other  stations. 

The  aavanb^es  possessed  by  Priestman's  oil  engine  for 
other  purposes  than  those  already  referred  to  is   evident 
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Secondary  closed    Heai  applied. 

Temperature  of  the  core  100"  C. 

Primary  KM.F. 89-3  volts. 

Secondary  E.M.R 11-9    „ 

Eatio??i^  8-1 

11-9 

Secondary  current 2*0  amperes. 

Secondary  closed    Care  healed. 

Temperature  of  core 270*  C. 

Primary  E.M.P. 95-7  volts. 

Secondary KM.F. 134    „ 

Ratio?^  71 

13-4 

Secondary  current 2*4 

Table  I. 


— 

Temp. 

Primary 
B.M.F. 

Primary 
watte. 

Secondary 
watts. 

2.  Secondary  open,  no  heat 
applied  to  core 

97-6'C. 
300*0. 
100°  C. 
270'C. 

75-6 
99*4 
89-3 
96-7 

87- 

88* 

139- 

129* 

0-0 

4.  Secondary  open,  heat  ap- 
pUed  to  core 

0-0 

5.  Secondary  cloeed,  no  heat 
applied  to  core 

24* 

6.  secondary    cloeed,   heat 
applied  to  core 

36*7 

Tablb  n. 


Temp. 

Loesin  core. 

Primary 
watts. 

Secondary  watte. 

2.    97-6°  C. 
4.  300«C. 
270»C. 
6.    99°  C. 
6.  270°  C. 

122 

72' 

79  (Estim.) 
117 

80 

122 

72 

79 
131 
116-7 

0-0 

0^ 

0-0  /Corrected  for 

24    \  rests  of  sec. 

36-7 

Data  are  presented  in  the  latter  part  of  this  paper  show- 
ing that  it  is  correct  to  assume  for  small  ranges  that  the 
loss  in  the  core  is  proportional  to  the  square  of  the  primary 
E.M.F.  We  can  therefore  deduce  from  Table  I.  the  lesults 
that  would  have  been  obtained  with  90  volts  as  the  primary 
E.M.F.  for  the  four  experiments. 

Primary,  90  volts ;  120  reversals  per  second. 
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The  figures  in  Table  11.  show  clearly  that  the  loss  in  the 
core  is  greatly  diminished  when  its  temperature  is  elevated — 
«.«.,  when  heat  is  aoplied — and  that  the  loss  in  the  core  is 
practically  indepenaent  of  the  output  The  results  indicate 
that  with  the  secondary  oi)en,  and  the  primary  at  a  differ- 
ence of  potentiid  of  90  volts  without  heat  applied,  the  core 
came  to  a  temperature  of  97deg.  C,  and  dissipated  122 
watts ;  then  by  the  application  of  heat  with  the  Bunsen 
burner,  as  indicated  in  Fig.  1,  the  temperature  of  the  core 
was  raised  to  SOOdeg.  C,  and  was  found  to  take  up  72 
watts.  Now,  if  we  assume  the  changes  in  watts  dissipated 
in  the  core  to  be  approximately  proportional  to  the  changes 
in  temperature  that  produced  the  same,  then  we  see  by 
estimation  that  79  watts  would  have  been  dissipated  by  the 
core  at  270deg.C.,  while  80  watts  were  found  to  havQ  beqn 


dissipated  by  it  at  that  temperature  when  the  secondary 
was  closed  and  gave  an  output  of  32  watts. 

It  is  perfectly  plain,  therefore,  why  we  can  close  the 
secondary,  take  from  it  32  watts,  elevate  the  temperature 
of  the  core  170deg.O.,  and  have  the  primary  take  up  five 
watts  less  than  when  the  secondary  was  open,  and  the  core 
at  the  lower  temperature. 

Since  the  effect  is  due  only  to  the  fact  that  the  core 
takes  up  much  less  energy  at  higher  than  at  lower  tem- 
perature, and  since  the  core  can  dissipate  energy  through 
Foucault  current  and  hysteresis  phenomena  only,  it  is  due 
to  a  decrease  of  the  total  energy  dissipated  through 
changes  in  the  above  phenomena. 
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A  rise  of  temperature  in  the  core  wiU  incieaae  its 
specific  resistance,  and  therefore  diminish  the  energy  dis 
sipated  by  Foucault  currents.  For  decided  decrees  of 
magnetism  it  is  known  that  the  permeability  oxiron  in- 
creases when  it  luidergoes  a  rise  of  temperature.  It  was 
thought  probable,  therefore,  that  the  enerfQr  dissipated 
per  cycle  of  magnetisation  and  demagnetisation  would  be 
decreased  with  an  increase  of  temperature. 

Experiments  were  made  in  the  Physical  Laboratory  of 
Cornell  University  by  Mr.  Arthur  Herschel  on  the 
hysteresis  at  high  temperature  of  a  cast-iron  ring,  12*3 
cms.  in  diameter,  that  tumished  a  closed  magnetic  circuit, 
the  length  of  which  was  38*5  cms.  The  ring  was  wound 
with  80  turns  of  No.  8  wire  cable  that  had  a  mica  insula- 
tion. The  highest  temperature  to  which  the  ring  was  sub- 
jected was  360deg.  C. 

One  interesting  thing  about  these  results  is  that  for 
degrees  of  magnetisation  below  2,000  lines  per  square  cm., 
the  variation  of  temperature  below  360deg.  C.  does  not 
change  the  magnetic  character  of  the  iron  by  an  observable 
amount.  Now,  if  wrought  iron  behaves  in  a  similar 
manner  then  the  decrease  of  energy  dissipated  in  the 
apparatus  of  Mr.  Marks  was  not  due  wholly,  nor  in  part, 
to  a  diminution  in  the  hysteresis  of  the  iron.  It  was, 
therefore,  due  entirely  to  the  diminution  in  Foucault  cur- 
rents, caused  by  the  change  of  the  resistance  of  the  iron. 
A  liberal  estimate  for  the  hysteresis  of  the  core  is  20  watts, 
whence  the  Foucault  energy  dissipated  by  the  core  at 
lOOdeg.  0.  and  90  volts  was  102  watts,  and  at  270deg.  G. 
and  90  volts  it  was  60  watts. 

(To  he  continued.) 


DRILLS   FOR   BORING  HOLES  OF  SQUARE  AND 

SHAPES. 


There  are  being  exhibited  at  2,  New  Broad-street,  E.G., 
by  the  Ainley-Oakes  Square  Drill  Company,  Limited,  of 
58,  Lombard-street,  E.C.,  a  couple  of  driUins  machines 
which  will  be  found  of  great  utility  by  electrical  engineers. 
The  first  of  these  is  the  Ainley-Oakes  square  drilling 
machine,  which  will  drill  holes  either  round  or  square.  It 
is  similar  in  apiiearanco  to  an  ordinary  drilling  machine, 
and  the  driving  of  the  spindle  and  the  feed  downwards  is 
the  same.  The  spindle,  however,  consists  of  three  concen- 
tric parts :  firstly,  an  outer  sleeve  parrying  a  bevql  whiQ^ 
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and  driying  the  intermediate  sleeve  by  means  of  a  key 
my  and  i^Hber ;  eecoodly,  an  intermediate  spindle  baving 
t  *at  of  cams  upon  each  of  its  ends ;  and,  thirdly,  an  inner 
ipiadle  carrying  the  tool,  which  cuts  with  one  edge  only. 
The  second  machine,  the  Tyler-Ellis,  is  a  development  of 
this,  and  will  cut  square,  hexagonal,  octagonal,  or  any  other 
shape  of  hole,  and  this  we  illustrate  in  Fig.  1.  A  side 
section  of  this  machine  is  shown  in  Fig.  2,  and  a  plan  in 


rant,  and  is  provided  with  five  notches,  corresponding  with 
the  five  sizes  of  boles  which  the  machine  can  driU.  The 
cams  are  set  out  as  follows  :  A  square  hole  is  described 
equal  to  the  hole  to  be  driUed.  From  any  point  in  one 
side  of  the  square  an  arc  of  a  circle  is  described,  with  a 
radius  equal  to  the  side  of  the  square.  From  the  points 
where  this  arc  intersects  the  sides  of  the  square,  other  equal 
arcs  are  described  completing  the  curvs  triangle.  The 
square  io  which  the  cam  is  to  revolve  is  now  drawn  and 


In  the  first-mentioned  machine  the  guides  for  the  spindle 
cODiist  of  flat  plates  of  very  hard  steel,  made  in  halves  and 
•djtutable.  ThsTB  are  four  of  these,  the  two  inner  having 
round  holes,  and  engaging  with  the  circular  part  of  the 
■[lindle  for  drilling  round  noles.  These  are  run  back  when 
the  machine  is  drilling  square  holes,  and  the  upper  and  lower 
plates,  which  have  square  holes  in  them,  are  screwed  up  so 
**  to  eng^e  with  the  cams  to  give  the  required  motion  to 
the  spindle.  The  pair  of  cams  with  which  the  square  plates 
en^e  is  determined  bv  the  position  of  the  intermediate 
ipmdle,  which  is  capable  of  being  raised  or  lowered  by  a 
band  lover  and  lifting  gear.     Tlus  lever  works  in  a  quad- 


from  each  of  the  vertices  of  the  curve  triangle  two  arcs  are 
described,  which  complete  the  figure.  The  cams  in  ques- 
tion are  illustrated  in  Fig.  4. 

In  theTyler-Ellismachine,  as  illustrated, the  spindle  moves 
about  the  centre  of  a  ball  joint,  and  by  lowenng  the  inner 
spindle,  which  carries  the  tool,  the  size  of  the  hole  drilled 
can  be  varied.  B^  the  use  of  a  cranked  tool  in  the  holder, 
the  outsides  of  objecte  can  be  shaped  and  finished. 

The  machines  will  effect  a  very  considerable  saving  in 
labour,  and  the  advantages  of  being  able  to  bore  any  shape 
of  hole  at  one  operation  will  be  evident  to  makers  of 
electrical  machinery. 
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SHAPING  FILAHENTS  OF  INCANDESCENT  LAMPS. 

Whan  tha  looped-shaped  filaments  of  incandeBcenb  lamps 
ara  straif^htened  by  a  weight  during  the  period  in  which  the 
air  in  tbit  balb  is  exhausted  the  removal  of  the  weight  is 
found  to  be  a  rather  delicate  operation.  In  straightening 
the  filamenta  in  this  manner  it  has  ordinarily  been  found 
neoassaiT  to  attach  to  each  lamp  buib  an  exhaust  tube 
longer  than  usual.  After  the  operation  of  exhauatint;  has 
been  completed  this  tube  ia  firet  sealed  some  distance  from 
the  globe,  and  the  lamp  removed  from  the  pump.  By 
manipulating  the  lamp  the  weight  ia  unhooked  from  the 
loop  and  dropped  into  the  tube,  which  is  then  sealed 
off  from  the  lamp  The  accomparivitig  diagram  illus- 
trates  an   improved  method  of   handling   the  weight  by 


magnetism.  A  glance  at  FigB.  1  and  2  will  show  the  sim- 
plicity of  the  operation.  The  small  weight  shown  in  the 
tube  and  bun;;  on  the  filament  is  made  of  iron  or  other 
magnetic  material.  By  this  construction  it  ia  only  neces- 
sary to  use  amagnet  as  shown  in  Fig.  I,  or  a  solenoid  as  in- 
dicated in  Fi);.  2,  and  tbe  weight  may  be  manipulated  as 
desired.  It  is  evident,  too,  that  tbe  magnetism  of  the  sole- 
noid or  permanent  magnet  may  be  employed  to  increase  or 
diminish  the  strain  or  pull  on  the  weight.  This  ensures  a 
delicacy  of  adjustment  otherwise  unattainable.  This  method 
of  weight  manipulation  in  the  above-mentioned  process  is 
the  invention  of  R.  N.  Dyer,  of  New  York. 


LEGAL   INTELLIGENCE. 

ANOLO-AMEHICAN  BROSH  ELECTRIC  LIGHT  COBPOBA- 
nON  V.  KING,  BROWN,  AND  CO. 

Jndgrnent  was  giTM  by  the  First  IMvlaioQ  of  the  Court  of  Session 
on  WMneadaj  in  the  redsJming  note  sf^nst  a  judgment  of  Lord 
Trayner,  reducing,  at  tbe  Instanoe  of  King,  Brawn,  and  Co.,  Edin- 
bui^h,  Uie  patent  of  18TS  of  ths  Brush  Corporation  for  ■erias- 
■hunt  or  compound- wound  dynamo  machines  on  the  ground  that 
that  (Mtent  bad  been  anticipated  by  Yarley's  pat«iit  ol  1870,  both 
byprior  publication  and  by  prior  use. 

The  Court  adhered  to  the  judgment  of  the  Lord  Ordinary,  and 
found  the  Brush  Corporation  liable  in  expenses. 

Lord  ITLaran.  who  read  tbe  indgmenC  of  the  Court,  said  the 
defenders,  tbe  Bensb  Electric  Light  (^rporation,  claim  under  their 


wound  "  mwDSta,  also  known  as  the  "  aeries-shunt "  type.'  The 
pursuers,  iSog,  Brown,  and  Co.,  are  makers  of  "oompound- 
wound  "  d^rnamoe,  and  their  right  to  make  such  maohinsB  having 
been  extrajudicially  challenged  they  have  brought  this  action  to 
have  the  defendants'  patent  reduced  and  declarod  void  on  voiioua 
grounds,  the  chief  objection  being  that  the  invention  of  compound 
winding  was  previously  discovered  and  made  known  by  Mr. 
Varley,  and  coosequeiitly  that  Mr.  Brusb,  or  his  assignees,  are  not 
in  tl>e  position  of  oeing  the  "first  and  true  inventors"  of  this 
valuable  electric  appUance.  There  can  be  no  doubt  that  the 
holders  of  Brush's  patent  dalm  oompound  winding  as  an  essential 
teatnre  of  tbeir  machine,  and  acoordingly,  if  this  claim 
b9    ill  ■  foaoded,   the   patent  must   fall    'Die  argument    was 


dirocted  mainly  to  the  question  of  the  anticipation  of  tbe 
Brush  system  of  compound  winding  by  Mr.  vstIot,  and  I 
eball  consider  this  subject  in  the  first  place,  touobing  aftorwards 
oa  tbe  objections  to  Brush's  speoifioatioD,  which  are  of  a  technical 
character.  In  order  to  make  my  observatioas  intelllgiUe,  I  must 
b^in  by  stating  in  what  compound  wiring  consists.  When  tbe 
armature  of  the  electromagnet  is  attached  to  an  axis,  so  as  t«  be 
capable  of  rotating  in  tbe  magnetic  field,  tbe  armature  tends  U> 
place  itaelf  in  a  symmetrical  position  with  referenoe  to  the  polea 
of  the  magnet,  and  iJF  force  is  applied  to  tura  t^e  armatiir« 
its  axis,  the  movement  of  rotation  ia  resisted  by  the  forcee 
__  the  magnetic  field.  The  energy  expended  by  the  steam 
power,  or  whatever  power  is  employed,  to  turn  the  (UTnature 
agsinst  the  reaistance  of  tJie  magnetic  field  ia  then  converted  into 
current  electricity,  and  the  current  being  carried  through  the  re* 
volving  axis  by  insolating  wires  is  given  off  hy  an  appliance  termed 
tbe  commutator,  passing  thenoe  into  a  conducting  wire,  and  ia  then 
read;  to  be  used  for  electric  lighting,  or  any  other  purpose  of  ntility 
to  wbicb  it  is  capable  of  being  applied.  In  the  rudimentary  form  of 
the  dynamo  machine,!  understuid  thatthe  excitation  of  t^electro- 

--' — laintained  from  a  separat«  or,  as  it  is  tanned,  an 

I,  ^neratly  a  liattery  of  some  kind.  The  firet 
insisted  in  winding  one  of  the  conducting  wires 
round  the  electromagnets,  the  continuation  of  this  wire  beme;  led 
into  the  extwnal  or  working  circuit.  In  this  way  the  current  flow- 
ing from  the  dynamo  was  made  to  maintain  the  magnetism  of  tbe 
eleotromagnetB  as  a  part  of  the  work  which  it  had  to  perform. 
This  ia  tEnown  as  series  winding,  because  there  is  one  continuous 
current  which  is  only  partly  used  in  maintaining  tbe  magnetism. 
The  next  improvement  consisted  in  dividing  the  current  bs  it 
flowed  from  the  conunutators  into  two  partiu  currents.  In  this 
sy  stem  the  wire  ia  bifurcated  ;  one  branch  le  wound  roundtheelectro- 
magnets  and  is  returned  to  the  opposite  poles  of  the  oommutator. 
Tbe  second  branch  wire  ia  employed  for  lighting  or  external  work 
of  some  kind,  and  is  reunited  to  the  first  nranch  wire  near 
where  it  meete  the  commutator  at  tbe  opposite  pole.  This 
is  the  form  known  aa  the  shunt-winding  eyatom,  or  shant 
machine.  Tbe  invention  of  compound  winding,  with  which 
we  are  here  conoerned,  consists  in,  I  will  not  say  a  com- 
bination of  the  two  methods,  but  with  tbe  addition  of  the 
shunt  and  the  aeriea  method.  Tbe  wire  is  divided  or  bifurcated  as 
it  leaves  the  commutator.  Both  the  branches  are  wound  round 
tbe  electromagnets.  One  of  theee  is  directly  returned  to  the  op- 
posite pole  of  the  commutator,  without  doing  any  work  other  than 
tbe  excitation  of  the  magnets.  The  second  wire,  on  leaving  the 
electromagnets,  is  continued  to  form  the  external  or  working 
circuit,  and  is  ultimately  reanited  to  the  first  wire.  This  arrange- 
ment seems  to  be  an  exception  to  the  rule  against  trying  to  do  two 
things  at  the  same  time,  because  it  is  admitted  that  the  compound- 
wound  machine  is  a  much  better  working  machine  than  the  shunt. 
It  appears  that  the  sectiona  of  the  wires  can  be  so  proportioned 
that  a  nearly  uniform  current  flows  in  the  working  field  notwith- 
standing variations  in  the  quantity  of  work  to  be  done.  It 
is  not  necessary  for  the  purposes  of  the  case  to  explain  why 
this  should  be,  and  if  it  were  necessary  I  am  not  anre  that  I 
am  able  to  explain  it.  It  is  a  question  of  the  mathematical 
theorv  of  current  electricity.  But  it  is  agreed  that  the  com' 
pound-wound  machine,  when  tbe  wires  have  the  proper  relative 
conducting  capacity,  gi^es  better  results,  as  r^ards  unifomiity 
and  steadmess  of  the  current,  than  are  altained  by  either  the 
series  or  the  sbunt,  and  this  explains  the  import&nce  of  the  right 
to  use  this  invention  to  tbe  parties  concerned.  1  may  hercobeerve 
it  ia  not  clear  to  me  that  either  Yarloy  or  Brush  were  at  first  fully 
aware  of  the  scientific  and  practical  importance  of  the  principlee  at 
componnd  winding.  Varley  waa  the  inventor,  or  one  of  the 
inventors,  of  the  "  series  "  machine,  and  both  Varley  and  Brush 
were  doubtless  aware  of  the  advantages  and  disadvantages  of  the 
"series"  and  the  "shunt."  The  idea  of  introducing  tbe  two 
methods  Into  the  same  machine  ia  one  that  would  very  naturally 
occur  to  anyone  familiar  with  the  aubject,  and  practi<ally  conver- 
sant with  dynamo  machines.  Assuming  that  this  is  intelligently 
done  with  tne  object  of  getting  a  better  working  machine  through 
the  union  of  tbe  series  and  the  sbunt  than  is  attainable  by  either 
of  these  modes  of  winding  singly,  tlien  the  invention  is  a  proper 
subject  of  a  patent,  and  it  ia  not  necessary  to  its  validity  that  the 
patentee  should  have  foreseen  all  those  advantages  which  have 
been  realised  through  tbe  subsequent  introduction  or  extension  of 
electric  lighting  with  the  incandescent  lamp,  I  may  also 
observe  that  in  Brush's  specification,  as  well  as  in  the 
a|iecification,  the  mode  of  winding  is  only  treated  as  one 
among  many  other  parts  of  a  dynamo  machine,  and  it  ia 
quite  possible  that  a  reader,  even  if  conversant  with  the  aubject, 
might  peruse  either  of  these  documents  without  having  his  atten- 
tion specially  called  to  the  novelty  of  tbe  system  of  compound 
winding.  But  neither  ¥rill  this  consideration  afiect  the  question. 
An  inventor  may  describe  his  invention  clearly  without  proclaim- 
ing it  as  a  very  imjiortant  discovery,  and  the  question  is  whether 
compound  winding  is  clearly  deacribed  in  Vorloy's  specification. 
The  B))ecification  in  question  ia  No.  4,905  of  187fl,  and  its  title  in 
"Improvements  in  Apparatus  for  Producing  the  Klectric  Light, 
parts  of  which  Invention  are  Applicable  to  Other  Purposes. "  The 
alleged  anticipation  ia  contained  in  the  two  [karagraphs,  page  4, 
tines  II  bo  '21 — "  Part  of  the  electricity  developed  by  the  machine 
is  diverted  to  maintain  the  m^netisin  of  the  soft  iron  magnets, 

and  the  remaining  portion  is  used  tc  '         

I  interrupt  the  reading  to  remai'k  II 
the  writor  only  announces  what  he 
profess  to  be  explaining  his  method. 
t thought,    superfli — :.;-;. 


of    evidence    : 


wliicb    witnesses    are 


oduce  tbe  electric  light." 
in  the  words  I  hive  reail 
'oing  to  do,  and  does  not 
'his  obviouf,  and,  I  shoiild 

disiioseti    of    many   paecs 


■ought 
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annoanoed.  The  Lord  Ordinary  has  held  that  the  claim 
referred  to  ia  not  covered  by  a  provisional  specification  on  the 
eround  that  although  the  construction  of  the  commntator  as  per- 
fected is  not  materially  varied,  yet,  as  the  variation  represents  a 
distinct  principle,  and  is  directed  to  an  object  distinct  from  that 
which  is  indicated  in  the  provisional  specification,  the  two  things 
cannot  be  regarded  as  identical  inventions.  There  is  much  force 
in  the  Lord  Ordinary's  view  on  this  question  ;  but  we  consider  it 
unneceasary  to  come  to  a  decision  upon  it,  because  we  are  all  of 
opinion  that  if  there  had  been  no  more  serious  objection  to  the 
Brush  patent  than  tiiis,  it  would  be  only  fair  to  the  patentee  that 
he  should  be  allowed  an  opportunity  of  disclaiming  this  varia- 
tion on  one  of  the  patented  improvements.  But  this  is  not 
the  condition  of  the  case  as  it  arises  for  decision;  because 
we  are  agreed  that  the  patent  is  invalidated  in  its  essential  and 
fundamental  privilege  by  reason  of  the  prior  publication  and  use 
by  Varley  of  the  invention  of  oompouna  winding  for  which  this 
exclusive  privilege  is  given.  For  these  reasons  I  am  of  opinion 
that  the  interlocutor  of  the  Lord  Ordinary  should  be  adhered  to 
and  the  decree  of  reduction  of  the  patent  pronounced. 

The  Lord  PrealdMit :  That  is  the  opinion  of  the  Court. 

On  the  motion  of  Mr.  Pawlell,  counsel  for  King,  Brown,  and 
Co.,  the  Brush  Corporation  were  foond  liable  in  expenses. 


COMPANIES'  MEETINGS. 


NATIONAL  TELEPHONE  COMPANY,  UMITED. 

The  tenth  annual  ordinary  general  meeting  of  this  Company 
was  held  on  Friday  last  at  the  Uannon-street  HoteL 

Mr.  F.  R.  Leylaad,  who  presided,  said  that  it  had  been  thought 
desirable  to  put  into  the  year's  accounts  the  whole  of  the  expenses 
of  the  amalgamation — that  was  to  say,  the  Government  tax  on  the 
increased  capital  neoeesarv,  and  the  tax  on  the  transfer  from  the 
United  and  the  Lancashire  and  Cheshire  Companies  to  the 
National  Company.  They  had  gone  on  the  principle  that  everv- 
thing  that  could  properly  be  put  to  the  expenses  of  the  year  ought 
to  be  paid  out  of  revenue — a  policy  which  he  thought  would  com- 
mend itself  to  the  shareholoters.  As  stated  in  the  report,  the 
Directors,  in  view  of  the  near  expiration  of  the  Company's  patents, 
thought  it  prudent  to  strenethen  the  reserve  account,  and  they 
proposed,  under  article  113  of  the  articles  of  association,  to  trans- 
fer to  this  account  £40,000,  leaving  £11,113  to  be  carried  for- 
ward to  next  vear.  This  course  he  hoped  would  meet  with  the  ap- 
probation of  the  shareholders  in  view  of  what  might  happen  when 
their  patent  rights  ceased.  Referring  to  some  statements  recentlv 
made,  and  more  especially  to  a  speech  of  the  Duke  of  Marl- 
borough's in  the  House  of  Lords,  to  the  efiidct  that  telephonic  ser- 
vice was  obtained  much  cheaper  abroad  than  in  this  country,  he 
observed  that  there  could  be  no  comparison  as  to  the  cost  between 
Christiania  and  Stockholm  and  such  cities  as  London,  Manchester, 
liveipool,  and  Glasgow.  In  the  construction  of  lines  in  Norway 
and  Sweden  the  poles  were  on  the  spot,  whereas  they  had  to  he 
brought  to  this  sountrjr,  and  distributed  to  the  various  places 
where  they  were  required,  at  considerable  cost.  Again,  in 
Norway  and  Sweden  telephone  companies  were  not  subjected 
to  a  tax  of  10  per  cent,  on  their  gross  income,  nor  had  they  to 

gij  anything  for  wayleaves,  as  was  the  case  in  this  country, 
aving  given  a  detailed  statement  of  the  cost  of  the  service  in  the 
principal  cities  of  the  Continent  and  America,  he  said  that  the 
Kational  Telephone  Company  had  not  much  to  learn  from  these 
places  on  the  score  of  cheapness  when  their  respective  conditions 
were  compared.  The  Directors  had  constantly  recognised  the 
Importance  of  economy  in  working,  and  the  efficiency  of  their  ser- 
vice. To  attein  the  latter  object  they  had  removed  all  their  anti- 
quated switchboards,  and  had  replaced  them  by  others  of  modem 
construction,  whilst  by  joinine  one  exchange  on  to  another  they 
had  reduced  very  considerably  the  number  of  the  exchanges, 
the  multiplicity  of  which  had  been  one  of  the  defects 
of  the  London  svstem.  They  intended  as  they  went  on 
to  get,  if  possible,  the  whole  of  the  work  done  with 
one  or  two  exchanges.  The  extension  of  the  Company's 
business  during  the  past  year  had  been  very  satisfactory.  The 
important  trunk  lines  oonnectinpf  London  with  the  principal 
towns  in  the  Lancashire,  Yorkshire,  and  Midland  districts  were 
completed  as  far  as  Edgware  in  January  last,  and  the  service 
proved  to  be  perfectly  clear  and  distinct.  The  Directors  had 
every  confidence  that  the  communication  between  London  and  the 
North  would  be  established  by  the  end  of  this  month.  A  large 
number  of  additional  trunk  lines  connecting  various  towns  in  the 
provinces  had  also  been  commenced  during  the  year,  many  of 
which  had  been  completed.  He  was  glad  to  say  tnat  late  on  the 
previous  night  they  had  got  from  the  office  telephonic 
communication  with  Manchester,  Liverpool,  and  Birming- 
ham. These  trunk  lines  supplied  a  much  felt  public 
want,  and  would  add  greatly  to  the  strength  of  the  Com- 
pany. The  Directors  beueved  it  most  important  to  continue 
the  policy  of  developing  and  improving  the  Company's  system, 
and  of  giving  greater  facilities  to  the  public.  The  capital  required 
for  this  purpose  the  Directors  proposed  to  raise  by  the  issue  of 
debenture  stock  or  preference  snares  as  might  be  round  beet  for 
the  interests  of  the  Company.  The  aocruMl  rental  for  the  year 
endine  April  30,  1890,  was  £364,704,  being  an  increase  of 
£45,lo2  over  the  accrued  rentals  of  the  National  United 
and  Lancashire  and  Cheshire  Companies.  The  working 
expenses  for  the  same  period  amounted  to  £148,457,  being 
40*7  per  cent*  on   the  accrued  reotal|  whilst  the  working  ex- 


penses of  the  three  companies  before  the  amalgamation  had  been 
47*7  per  cent.  The  Directors  had  taken  over  the  business  of  the 
Northern  Distrit^  Telephone  Company,  Limited,  a  month  agp — a 
measure  which  he  thought  would  oe  aavantageous  for  the  National 
Company.  Owing  to  the  fact  that  the  Postmaster-General  had  not 
given  notice  to  purchase  the  Company's  business  under  the  power 
reserved  by  the  terms  of  his  license,  he  oould  not  do  so  for  another 
period  of  seven  yean.  He  concluded  by  moving  the  adoption  of 
the  report  and  accounts,  and  the  declaration  of  a  dividend  at  the 
rate  ot  6  per  cent,  per  annum  on  the  preference  and  ordinary  shares. 
Mr.  J.  S.  rorbea  seconded  the  resolution,  which,  after  a  brief 
discussion,  was  carried  unanimously. 


INDIA  RUBBER,  GUTTA  PERCHA,  AND  TELEGRAPH 
WORKS  COMPANY.  LIMITED. 

The  half-yearly  general  meeting  of  this  Company  was  held 
last  week  at  the  City  Terminus  Hotel. 

Mr,  8.  W.  Silver  presided,  and,  in  accordance  with  the  object 
of  the  meeting,  proposed  the  declaration  of  an  interim  dividend  of 
6  per  cent.,  tax  tree.  He  stated  that  this  distribution  was  justified 
by  a  rough  estimate  of  the  amount  of  the  sales  in  the  past  six 
months,  which  had  exceeded  that  of  any  previous  half-year,  not- 
withstanding the  severe  competition  and  the  considerable  increase 
in  the  price  of  the  raw  matenaL  He  was  glad  to  be  able  to  inform 
them  tnat  the  works  were  fairly  well  employed. 

Mr.  Omy,  the  managing  director,  seconded  the  motion.  He 
reminded  them  that|the  Company's  workpeople  at  Silvertown  were 
out  on  strike  from  Septemoer  18th  to  December  10th  last,  and 
stated  that  this  did  not  cause  them  much  loss,  as  they  oould 
execute  their  orders  from  their  works  in  France.  The  strikers 
were  aided  by  some  lawless  ruffians  in  intimidating  and  using 
violence  to  the  Company's  respectable  workpeople,  who^  had  de- 
sired to  continue  at  their  duties.  If  the  police  authorities  had 
taken  proper  measures  tiie  extension  of  the  strike  would  have  been 
prevented,  the  places  of  the  small  number  who  went  out  on  strike 
at  the  beginning  would  have  been  filled  up  by  the  new  men,  and 
the  strike  would  have  ended  in  a  week.  As  it  was  it  continued 
for  about  12  weeks,  and  the  loss  to  the  workpeople  was  about 
£20,000. 

The  motion  was  carried  unanimously. 


ELMORE'S  WIRE  MANUFACTURING  COMPANY,  UMITED. 

The  first  general  meeting  of  this  Company  was  held  at  the 
Cannon-street  Hotel  on  Monday. 

Mr.  George  Bmitli,  who  presided,  said  that,  notwithstanding 
the  adverse  condition  of  the  financial  world  at  the  time  of  launch- 
ing the  Companv,  about  500  applicants  subscribed  for  the  shares, 
and  an  ample  allotment  had  been  made  to  carry  on  the  business  of 
the  Company.  Application  had  been  made  to  the  committee  of 
the  Stock  Exchange  for  a  quotation  and  settlement,  which  would 
doubtless  be  granted.  Twelve  acres  of  freehold  land  adjacent  to 
the  present  Company's  works  at  Haigh-park,  Leeds,  had  been 
secured,  and  manufacturing  buildings  were  being  erected 
thereon  under  the  supervision  of  their  managers.  Orders 
had  been  given  for  plant,  and  these  would  be  followed 
up  judiciously  by  others  until  the  factories  were  completed. 
The  policy  of  the  Directors  had  been  to  work  with,  rather 
than  against,  the  wire  manufacturing  trade,  and  he  was  happy  to 
say  that  a  very  substantial  number  of  Birmingham  wire-drawers 
had  offered  to  take  the  whole  of  their  output  of  spirals  for  1891, 
with  prospective  arrangements  for  continuing  the  agreement,  and 
that  at  a  price  which  would  yield  satisfactory  results.  The  terms 
for  carrying  out  the  offer  referred  to  had  been  approved,  and  the 
agreements  would  shortly  be  executed  and  excnanged  by  the 
parties  concerned.  The  Directors,  therefore,  felt  that  they  might 
congratulate  the  shareholders  upon  their  prospects. 

At  an  extraordinary  general  meeting  held  subsequently  a  resolu- 
tion was  passed  altenng  the  articles  of  association  to  comply  with 
the  re(}uirements  of  the  Stock  Exchange  Committee  with  a  view  to 
obtaining  a  special  settlement  and  official  quotation  of  the  shares 
of  the  Company. 


COMPANIES'  REPORTS. 


CROMPTON  AND  CO.,  LIMITED. 

Directors :  Sir  Charles  Grant,  K.C.S.I.,  Bernard  Gibson,  Esq., 
Carleton  Fowell  Tufnell,  Esq.,  Rookes  Evelyn  Bell  Crompton 
Esq.,  and  John  Francis  Albrignt,  Esq.  (managing  directors). 

Second  report  of  the  Directors,  to  be  presented  at  the  annual 
general  meeting  of  the  shareholders  at  the  City  Terminus  Hotel, 
Cannon-street,  m  the  City  of  London,  on  Monday,  the  21st  inst., 
at  2.90  p.m. 

The  net  profits  for  the  year  amount  to  £10,610.  Is.  7d.,  and  after 
pavment  oi  the  interim  dividend  last  December,  and  providing  for 
aeoenture  interest  and  other  pajrments  set  out  in  the  accounts, 
there  remains  a  balance  of  £6,030.  6s.,  from  which  tiie  Directors 

SroDOse,  after  setting  aside  a  sum  of  £500  as  a  provision  for 
ouotful  debts  and  contingencies,  to  declare  the  usuiQ  dividend  of 
7  per  cent,  per  annum  upon  the  preference  shares,  and  5  per  cent, 
per  annum  upon  the  ordmary  shares,  carrying  the  balance  forward* 
The  business  of  the  Company  has  greatly  increased,  necessitating 
considerable  extension  ot  the  works  and  large  additions  to  plant. 
The  contract  for  the  public  lighting  of  Chelmsford  has  been  carried 
out,  and  the  result  has  given  great  satisfaction  in  the  town.    It 
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NOTES. 


ISzliibitlon  at  Xorons. — ^A  grand  national  and  colonial 
exhibition  is  to  take  place  at  Lyons  in  1892. 

Stoekholm. — ^Tenders  are  invited  for  the  electric  light- 
ing of  Stockholm,  to  be  sent  to  the  director  of  gas  works 
by  September  Ist. 

BremerliaTeii. — ^The  Municipality  of  Bremerhaven 
haye  decided  to  put  bfi  the  electric  lighting  of  the  town 
till  the  Ist  January,  1891. 

AoBtraliaA  Cables. — ^The  Eastern  Extension  Tele- 
graph Company  notify  that  telegraphic  communication  with 
Australia,  New  Zealand,  and  Tasmania  is  now  restored. 

Hnddersfteld, — ^The  provisional 'order  granted  to  the 
Corporation  of  Hudderefield  has  been  before  the  examiner 
and  found  to  comply  with  the  Standing  Orders  of  Parlia- 
ment 

Iionir  Distance  Telephones. — ^The  National  Tele- 
phone Company  reports  that  communications  have  been 
SBtablished  between  London  and  Liverpool,  Manchester, 
and  Birmingham. 

Frankfort  Kjdiililtlon. — ^The  application  forms  for 
space  in  the  Frankfort  Exhibition  next  year  have  been 
issued,  and  copies  can  be  obtained  from  the  secretary,  Herr 
Carl  Stiebel,  Frankfort-on-Maine. 

JaiMuu — ^Iq  Japan  there  are  now  five  electric  lighting 
companies,  supplying  11,000  lamps,  with  a  total  capa- 
city for  33.000  lamps.  The  Boyal  Palace  and  the  Govern- 
ment journal  office  are  now  lighted. 

Portnflrnese  Cables. — Orders  appear  in  the  Portu- 
gnese  official  journal  authorising  the  Government  to  pro- 
ceed at  the  cost  of  the  State  to  lay  and  work  a  cable 
^ying  communication  between  Lisbon  and  St.  Michael, 
Terceira,  and  Fayal  in  the  Azores. 

Sleotrlo  Weldincr. — ^The  American  Wheel  Company, 
Chicago,  which  has  bought  up  all  the  principal  wheel  com- 
panies of  the  United  States,  has  heretofore  sold  its  wheels 
without  tires,  but  will  now  tire  all  wheels,  using  the  Thom- 
son electric  welding  process,  for  which  it  will  pay  royalty 
on  at  least  a  million  welds  a  year. 

Deotrlcal  Enterprises  In  Saxony. — ^A  telegram, 
through  Renter's  Agency,  from  Dresden  states  that  a  con- 
cession has  been  granted  to  a  civil  engineer  and  a  firm  of 
bankers  in  that  city  authorising  them  to  estaUish  a  network 
of  cables  for  purposes  of  transmission  of  power  and  electric 
lighting  direct  from  some  coal  mines  through  168  industrial 
towns  in  Saxony  to  Dresden. 

Gas  at  Paris. — ^There  is  some  talk  of  lowering  the 
price  of  gas  in  Paris.  ^^It  would  not  be  difficult  to  do  this 
as  the  price  is  somewhere  about  double  that  of  London, 
bat  the  move  is  regarded  with  some  disfavour  by  electric 
light  companies,  as  it  is  thought  it  would  be  impossible  in 
this  case  to  keep  the  price  for  electricity  up  to  the  present 
charge  of  1^.  per  100  watt-hours. 

Railway  Instnunents. — ^The  contract  for  the  supply 
of  electrical  instruments  on  the  London  and  North-Western 
Railway  for  the  ensuing  year  has  been  again  obtained  by 
Woodhouse  and  Bawson  United.  This  contract  has  now 
been  held  by  them  for  several  years,  and  they  have  also 
been  awarded  the  contract  for  the  supply  of  instruments 
to  the  Caledonian  Bailway  for  the  year. 


Sleetrio  Idght  in  London.— The  Unopposed  Bill 
Committee  of  the  House  of  Commons  decided  last  Friday 
to  confirm  the  orders  granted  by  the  Board  of  Trade  for 
the  electric  lighting  of  the  district  adjacent  to  the  Crystal 
Palace  by  the  Electric  Installation  and  Maintenance  Com- 
pany, and  for  the  lighting  of  the  whole  of  the  parish  ol 
Paddington  by  the  Metropolitan  Electric  Supply  Company. 

Montlneon. — ^The  gas  company  at  Montlu^on  has  been 
to  law  with  reference  to  the  right  of  the  electric  light 
company  to  use  the  streets.  The  gas  company  has  appar 
rently  won  its  case,  but  in  Bo<doing  will  sufier.  The  elec- 
tric light  was  not  progressing,  but  the  action  of  the  gas 
company  caused  public  feeling  in  support  of  the  electric 
light,  and  now  the  concession  for  gas  which  expires  in 
1895  will  not  be  renewed,  and,  on  the  contrary,  it  will  be 
required  then  to  take  up  its  pipes  and  reky  the  streets. 

**Gas  and  Eleetrio  Direotory/*— We  have  to 
acknowledge  the  receipt  of  the  "  Gas,  Water,  and  Electric 
Lighting  Companies'  Directory  "  for  1890,  edited  by  Chas. 
W.  Hastings  (Hazell,  Watson,  and  Viney)— a  compendious 
and  useful  compilation.  We  notice  that  a  new  feature  has 
been  added  in  the  shape  of  a  list  of  electric  lighting  under- 
takings, giving  the  names  of  some  50  electric  light  com- 
panies, with  details  of  date  of  formation,  capital,  system, 
capacity,  price  per  unit,  names  of  secretary  and  electrician 
in  charge,  area  of  supply,  and  other  information. 

Wimbledon.— At  the  meeting  of  the  Wimbledon  Local 
Board  the  enquiry  of  the  Local  Government  Board  into  the 
proposed  loan  of  £30,000  was  discussed.  It  was  moved 
that  the  enquiry  should  be  deferred  till  after  September, 
and  after  an  amendment  to  defer  it  altogether  was  lost  by 
the  casting  vote,  the  motion  was  carried,  but  vrith  the  ad- 
dition of  "  1891  '*  after  the  woid  "  September,"  The  matter 
is  therefore  deferred  for  the  present,  and  will  be  made  a  test 
question  in  local  politics,  some  members  maintaining  the 
expenses  to  be  more  nearly  £50,000  or  even  £100,000. 

Miwiwg  Ezhiliition* — ^The  international  mining  exhi- 
bition now  being  organised  and  rapidly  perfected  at  the 
Crystal  Palace  was  intended  to  be  opened,  as  we  have 
mentioned,  on  the  15th  of  this  month,  but  owing  to  some 
of  the  colonial  exhibits  not  being  ready  the  opening  is  now 
arranged  for  next  Monday,  the  28th  Jdy.  The  scheme  has 
grown,  as  exhibition  schemes  have  a  habit  of  doing,  into 
one  of  much  more  extensive  scope  than  at  first  intended, 
and  it  bids  foir  to  prove  an  important  show,  both  from 
mining,  from  colonial,  and  from  engineering  standpoints 
generally. 

Forranti  Mains  in  Traftdgar  Sauare.— The  road- 
way leading  past  the  lions  in  Trafalgar-square  is  up  as  we 
write,  and  the  workmen  are  busy  laying  the  Ferranti  trunk 
mains  jointed  in  the  manner  we  recently  described.  Four 
of  these  10,000-volt  mains  are  laid  side  by  side  in  two 
wooden  troughings,  separated  from  touching  by  wooden 
slips  and  filled  around  with  melted  bitumen.  The  mains, 
ready  jointed  in  lengths,  seem  easy  to  handle  and  have  a 
certain  fiexibility  that  allows  of  easy  laying.  They  are 
doubtless  intended  to  take  the  main  current  from  Charing 
Cross  on  to  the  Grosvenor. 

Pnlilie  UjBTlitinff  of  Oliristolinroli^— At  the  meeting 
of  the  Christchurch  Town  Council  the  clerk  stated  that  no 
reply  had  yet  been  received  from  the  Christchurch  Gku9 
Company  as  to  the  contract  for  lighting  the  town  for  the 
ensuing  season,  although  letters  had  been  written  to  them 
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on  the  subject  Mr.  Tucker  said  he  did  not  think  the  gas 
company  were  treating  the  Council  in  a  proper  manner.  On 
the  motion  of  Mr.  Druitt,  it  was  resolved  that  the  clerk  to 
the  gas  company  be  written  to  and  informed  that  unless 
an  answer  was  received  by  a  certain  date  the  Council  would 
proceed  to  consider  other  means  of  lighting  the  town. 

Paris  Meter  Prises. — The  Paris  Municipal  Council 
offers  £650  in  prizes  for  electric  meters ;  £500  for  a  satis- 
factory meter  adapted  both  for  direct  and  alternating  cur- 
rents, or  £250  for  a  satisfactory  meter  adapted  only  to  one 
of  these ;  £80  is  given  as  a  prize  for  meters  adapted  for 
both,  and  £40  for  one  only  in  case  an  important  degree  of 
progress  has  been  made  without  attaining  the  power  of 
givine;  every  satisfaction.  Conditions  can  be  had  at  the 
Hotel  de  Ville  (Bureau  de  la  Voie  Publique  et  des  Pro- 
menades). Specimens,  accompanied  by  sealed  envelopes, 
with  description  and  names,  to  be  at  the  Municipal  Electric 
Works  at  the  Halles  Centrales,  between  August  25  and  31. 

Psiris  Undergroimd  Railway, — ^The  Paris  Metro- 
politan Bailway  scheme  of  M.  Bunau  Yarilla,  which  M. 
Eiffel  proposes  to  carry  out,  is  now  before  the  Paris  Muni- 
cipal Council.  Nearly  five  miles  of  the  railroad  will  be 
underground,  more  than  half  a  mile  on  the  surface,  and 
almost  a  mile  and  a  half  will  be  elevated  on  an  iron  arcade. 
The  continuous  brake  and  block  system  is  adopted  in  the 
plan,  and  the  electric  lighting  of  the  tunnels  will  be  done 
by  machines  worked  by  the  motors  used  for  ventilation. 
Only  two  classes  of  carriages  are  to  be  employed.  The 
company  will  bind  itself  not  to  raise  fares  on  Sundays  and 
holidays^  and  to  have  workmen's  trains  morning  and  even- 
ing, for  which  through  return  tickets  costing  only  twopence 
will  be  issued. 

Westinfirhoase  Eleotrio  Cars, — The  first  electric 
tramcar  motor  of  the  manufacture  of  the  Westinghouse 
Electric  Company  has  now  been  in  operation  on  the 
Pleasant  Valley  Electric  Railway  line,  in  Allegheny  City, 
U.S.,  for  some  time,  and  the  success  of  the  machine  is 
reported  as  being  established  beyond  question,  and  a  num- 
ber of  electricians  and  tramway  men  who  have  examined  the 
motor  praise  it  highly.  The  Westinghouse  Electric  Com- 
pany are  stated  to  have  already  secured  orders  for  the 
equipment  of  17  street  railways,  aggregating  a  business  of 
300,000dols.,  although  the  company  has  only  been  in  the 
field  for  the  last  two  or  three  months.  The  mechanism 
shows  great  mechanical  strength  and  good  workmanship, 
and  enquiries  and  orders  are  being  very  widely  received 
from  all  parte  of  the  States, 

Fnlham. — At  the  London  County  Council  the  High- 
ways Committee  had  considered  a  letter  from  the  Board  of 
Trade  forwarding  for  the  observation  of  the  Council  a  copy 
of  an  application  from  Messrs.  Woodhouse  and  Bawson 
United,  Limited,  for  permission  to  purchase  from  the  West 
Middlesex  Electric  Lighting  Company  the  undertaking 
authorised  by  the  Fulham  District  Electric  Lighting  Order, 
1884,  which  order  was  revoked  by  the  Board  in  October 
last.  The  committee  recommended  that  the  Board  of 
Trade  be  informed  that  in  the  opinion  of  the  Council  the 
permission  asked  for  by  Messrs.  Woodhouse  and  Bawson 
United,  Limited,  should  not  be  granted  unless  the  provi- 
sions of  the  Fulham  District  Electric  Lighting  Order,  1884, 
be  so  modified  as  to  make  them  accord  with  the  orders 
recently  granted  by  the  Board.    This  was  agreed  to. 

Raw  Hide  Gearing. — Glaring  made  out  of  raw  hide 
is  much  in  vogue  in  American  practice  for  electric  traction 
cars.     The  hide  is  sometimes  compressed  by   hydraulic 


pressure,  and  is  turned  up  with  a  hard  polished  though 
flexible  facing,  which  is  silent  and  easy  in  working.  The 
disadvantage  that  has  been  found  in  practice  is  that  the 
wear  is  unequal.  To  remedy  this,  a  recent  method  adopted 
is  to  make  the  teeth  slanting  and  to  arrange  the  number  of 
teeth  so  that  they  are  not  in  direct  ratio  but  prime  to  each 
other,  as  eight  to  33,  not  32.  In  this  way  a  different  tooth 
gears  at  each  revolution  and  a  different  part  of  the  tooth 
wears,  thus  equalising  the  wear.  We  are  not  aware  that 
raw  hide  gearing  has  been  practically  tested  in  this  country, 
but  now  that  electric  car  traction  is  tending  to  take  an 
important  place  in  electrical  engineering,  it  may  be  worth 
while  for  our  engineers  to  investigate  this  method  of  gearing. 

Deptford  Trunk  Blains, — ^The  Highways  Committee 
of  the  London  County  Council  have  reported  that  they  had 
considered  a  notice  from  the  London  Electric  Supply  Cor- 
poration (with  one  plan),  of  intention  to  hty  trunk  mains  in 
Stamford-street,  York-road,  Sutton-street,  and  Belvedere- 
road,  together  with  a  letter  from  the  company,  asking  that, 
as  it  had  arranged  a  new  route  for  its  mains,  this  notice 
might  be  taken  in  substitution  for  that  dated  April  18th, 
1890,  the  works  referred  to  in  which  were  approved  by  the 
Council  on  May  1st  last.  The  committee  therefore  recom- 
mended that  the  sanction  of  the  Council  be  given  to  the 
works  referred  to  in  the  notice  (Registered  No.  96)  of  the 
London  Electric  Supply  Corporation,  dated  June  19th, 
1890,  upon  the  following  conditions  :  That  the  distributing 
mains  be  laid  at  the  same  time  as  the  trunk  mains,  in  order 
to  avoid  a  second  interference  with  the  same  streets.  This 
was  agreed  to. 

Sannderson  Hydro-CarlKiii  Are  Irfunp.  —  This 
lamp,  which  we  recently  described,  and  which  it  will 
be  remembered  claimed  to  give  practically  double  the 
light  for  the  same  consumption  of  energy  by  the  introduc- 
tion of  hydro-carbon  vapour  in  the  arc  through  an  asbestos 
wick  in  the  lower  carbon,  has  now  been  publicly  tried 
for  the  last  five  weeks  at  one  of  the  large  railway  stations 
in  London,  and  minute  and  careful  tests  have  been  con- 
stantly taken  upon  the  light  The  results  are  stated 
undoubtedly  to  more  than  confirm  Dr.  Hopkinson's  photo- 
metric tests  (whose  report  we  gave  May  16,  p.  386),  and  it 
is  hoped  shortly  that  the  tests  in  actual  working  can  be 
made  public.  The  great  increase  in  actual  light  to  be  ob- 
tained from  the  same  engine  power  by  the  simple  change 
of  one  of  the  carbons  cannot  but  be  expected  to  greatly 
interest  and  influence  companies  employing  the  arc  lamp 
for  public  lighting. 

Western  Union  OIBLoes  Burnt. — ^An  explosion  at  the 
Western  Union  Telegraph  Company's  offices  occurred  at 
seven  o'clock  in  the  morning,  last  Friday,  in  the  battery- 
room  on  the  sixth  floor,  and  the  flames,  which  immediately 
broke  out,  soon  spread  to  the  portion  of  the  building 
above,  including  the  operating-room  and  the  offices 
of  the  Associated  Press,  both  of  which  were  gutted, 
while  the  lower  floors  were  drenched  with  water. 
The  loss  is  estimated  at  250,000dolB.  The  wires  of 
the  Western  Union  Company  were  concentrated  in  the 
building,  and  the  result  of  the  fire  was  that  the  service 
was  greatly  crippled.  Business  on  the  exchanges  in  New 
York  and  elsewhere  was  delayed,  owing  to  the  absence  of 
despatches.  Only  about  40  operators  were  on  duty  at  the 
time,  and  all  succeeded  in  effecting  their  escape.  The 
burning  of  the  wires  prevents  the  receipt  of  despatches 
from  Sandyhook  and  Fire  Island  reporting  the  arrival  of 
vessels. 


THE  ELECTRICAL  ENGINEER,  JULY  26,  1890. 


67 


TraninniiiBlon  of  Power. — ^At  the  recent  meeting  of 
the  Soci^t^  Internationale  des  Electriciens,  M.  Hillairet 
described  the  interesting  transmission  of  power  by  electri- 
dty  which  has  been  carried  out  near  the  town  of  Dom^ne, 
in  Is^re,  France.  In  this  installation  power  equal  to  200 
b.p  delivered  is  transmitted  to  a  paper  mill  at  a  distance  of 
Z\  miles  from  the  waterfall  utilised.  Lantern  slides  from 
photographs  taken  last  winter  were  shown  giving  different 
views  of  this  installation  from  the  waterfall  and  works 
passing  along  to  the  motor,  with  all  the  accessories  necessary 
for  the  transmission.  An  interesting  feature  of  the  instal- 
lation is  that  during  the  winter  the  little  generating 
vorks  is  entirely  cut  off  by  the  snows  for  two  months 
from  the  paper  mill  where  the  force  is  utilised,  but  never- 
theless continues  to  work  regularly.  The  telephone 
enables  it  to  be  known  whether  all  is  going  well,  and 
keeps  up  conimunication  with  the  inhabitants  of  the  valley. 

Chiswiok. — At  the  fortnightly  meeting  of  the  Chiswick 
Local  Board,  Mr.  Waters  moved  ^'  That  in  the  ensuing  ses- 
sion of  Parliament  application  be  made  for  a  provisional 
order  authorising  the  Chiswick  Local  Board  to  manufacture 
and  supply  electric  light  in  the  parish  of  Chiswick."  He 
stated  that  his  immediate  reason  for  proposing  this  was 
owing  to  the  notice  received  from  the  gas  company  as  to 
the  increase  in  the  price  of  gas — in  his  opinion,  the  increase 
was  quite  uncalled  for.  If  the  Board  merely  approved  of 
the  motion  he  should  be  content,  as  they  could  then  discuss 
ways  and  means  in  committee.  They  had  had  two  notices 
from  companies  announcing  the  intention  to  apply  to  Par- 
liament for  powers,  and  he  would  like  the  Board  to  be  first 
in  the  field.  Surely,  if  it  would  pay  foreign  companies  to 
come  there  and  establish  an  expensive  plant,  it  would  pay 
the  Board.  From  estimates  supplied  to  him,  it  appeared 
that  under  a  large  scheme  a  profit  of  £4,000  would  be 
effected,  and  under  a  small  one  something  like  £1,250. 
The  motion  was  carried. 

Electiio  liiffhtliifir  Projects. — Several  new  projects 
for  electric  lighting  in  London  have  come  before  the 
London  County  Council,  and  in  all  the  Highways  Com- 
mittee have  reported  that  the  following  notices  of  intended 
applications  next  session  for  provisional  orders  under  the 
Electric  Lighting  Acts  had  been  received :  St.  James  and 
Pall-mall  Electric  Lighting  Company,  for  the  parishes  of 
St  James,  Westminster,  and  St.  George,  Hanover-square ; 
Brush  Electrical  Engineering  Company,  for  the  parishes  of 
Falhaai,  Hammersmith,  Islington,  Shoreditch,  St.  Luke, 
Clerkenwell,  Bethnal  Green,  and  districts  of  Hackney  and 
St.  Sariour ;  Laing,  Wharton,  and  Down  Syndicate  for 
the  City  of  London  (east  and  west  districts),  parishes 
of  Shoreditch  and  Islington,  and  districts  of  Hackney  and 
Whitechapel ;  Westminster  Electric  Supply  Corporation, 
for  the  parishes  of  Paddington,  Chelsea,  St.  Marylebone, 
Kensington,  and  St.  Margaret  and  St.  John,  Westminster 
(part  of) ;  New  Cadogan  and  Belgrave  Electric  Supply 
Company,  for  the  parish  of  St.  George,  Hanover-square, 
and  parish  of  Chelsea ;  London  Electric  Supply  Corpora- 
tion, and  Metropolitan  Electric  Supply  Company,  whose 
areas  were  not  specified. 

The  (tea  (and  Eleotrio)  World. — Our  well-known 
eontemporary  and  presider  over  the  interests  of  gas  engi- 
neers, the  Oiu  World,  has  an  important  announcement  to 
mske  this  week.  It  has  acquired  the  copyright  and  good- 
will of  the  Qas  and  Waier  Review  and  Journal  of  Electric 
Ughting,  and  in  future  this  will  cease  to  be  published,  being 
mcorporated  with  the  former,    '(^he  Review  and  Journal  had 


given  in  its  strong  adherence  to  the  belief  in  electric  light- 
ing, and  has  been  vigorously  advocating  the  introduction  of 
electric  light  by  gas  companies.  Ihe  consolidated  paper 
announces  that  the  incorporation  will  not  affect  the  policy 
hitherto  advocated  by  the  Oas  Worlds  which,  as  far  as  we 
can  learn,  seems  a  waiting  game,  "  a  watchful  eye  "  rather 
than  any  great  belief  in  the  future  of  the  new  illuminant. 
"  As  in  the  past,"  says  the  editorial  announcement,  "  we 
will  continue  to  devote  the  greater  part  of  our  available 
space  to  matters  relating  to  the  manufacture  and  distribution 
of  gas  j  but  we  mean  at  the  same  time  to  keep  a  watchful 
eye  on  the  progress  of  the  electric  light,  and  to  supply 
reliable  accounts  of  its  development,  so  that  our  readers 
may  be  kept  advised  of  what  their  electric  enemy  or  friend 
— which  ever  way  they  feel  inclined  to  regard  it — is  doing. 
We  do  this  on  the  principle  that  forewarned  is  forearmed." 
This  is  not  conversion — it  can  hardly  be  expected — ^but  it 
argues  a  nice  and  critical  calculation  and  application  at  last 
on  the  part  of  gas  engineers,  and  possibly  foreshadows  more 
energetic  tactics. 

lieamlnerton. — ^At  the  meeting  of  the  Leamington  Town 
Council  last  week,  the  town  clerk  stated  that  he  had  had 
notices  served  upon  him  by  three  companies  who  proposed 
to  apply  to  Parliament  for  provisional  orders  for  the  elec- 
tric lighting  of  Leamington.  These  companies  were  the 
Municipal  Electric  Lighting  and  Power  Company  (London), 
the  Electric  Installation  and  Maintenance  Company  (Lon- 
don), and  the  Midland  Electric  Lighting  and  Power  Com- 
pany (Messrs.  Hookham  and  Chamberlain).  The  Mayor 
remarked  that  they  had  instructed  their  town  clerk  to  apply 
on  their  own  behalf  to  Parliament  for  a  provisional  order, 
and  no  other  company  would  have  a  chance  of  obtain- 
ing an  order  when  it  was  understood  that  the  Cor- 
poration themselves  intended  to  get  one.  Alderman 
Wackrill  said  it  was  understood  that  the  town 
clerk  should  make  the  application  as  soon  as  pos- 
sible. The  town  clerk  observed  that  the  Midland  Electric 
Lighting  Company's  solicitors  said  in  their  notice,  "  and 
also  to  confirm  the  present  arrangements  for  lighting  the 
borough."  The  Mayor  could  not  see  what  confirmation  of 
the  present  arrangement  there  could  be.  The  Board  of 
Trade  could  not  recognise  the  company's  present  position. 
The  town  clerk  thought  that  the  company's  object  was  to 
strengthen  their  case  by  showing  that  they  had  been  on 
the  ground  for  the  last  two  or  three  years.  The  Mayor 
considered  that  this  was  probably  so.  The  matter  was  left 
in  the  hands  of  the  town  clerk. 

One  Station  and  Two  Loeal  Boards* — A  difficult 
point  has  come  before  the  Moss  Side  (Manchester)  Local 
Board.  A  communication  was  read  from  the  Board  of 
Trade,  under  date  July  19,  stating  that  the  suggested 
amendments  of  the  Moss  Side  Board  in  the  provisional 
order  applied  for  by  the  House-to-House  Electric  Supply 
Company  for  lighting  the  district  of  Stretford  and  Moss 
Side  by  electricity  had  been  <^refully  considered,  and  that 
the  Board  of  Trade  could  see  very  great  difficulties  in  the 
way  of  keeping  separate  accounts  for  the  portions  of  the 
undertaking  situate  in  the  districts  of  the  two  local  autho- 
rities, and  therefore  regretted  that  they  could  not  accept 
the  Local  Board's  amendments.  The  clerk  said  that  Stret- 
ford had  been  joined  to  Moss  Side  in  the  provisional  order 
without  consulting  the  two  authorities.  When  Moss  Side 
consented  to  the  granting  of  the  order  they  understood  it 
was  for  Moss  Side  only.  Now  it  was  intended  to  build  one 
station  with  machinery  for  producing  electricity  for  the 
two  districts,  and  when  the  time  came  for  purchasing  the 
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business  (the  Moss  Side  Board  having  the  option  of  pur- 
chasing the  undertaking  at  the  end  of  20  years),  the  fact 
of  having  only  one  station  would  raise  a  serious  difficulty. 
Only  one  district  could  purchase  it,  and  it  would  be  too 
large  for  one  district  alone.  After  some  discussion  a  sub- 
committee was  appointed  to  confer  with  the  Stretford 
Local  Board  as  to  whether,  under  the  circumstances,  the 
confirmation  of  the  provisional  order  by  Parliament  should 
be  opposed. 

deotrlo  Ughtlnfir  In  Theatres. — In  an  interesting 

paper  before  the  Association  Internationale  des  Electriciens, 

M.  de  Nerville  gives  the  results  of  a  series  of  measurements 

upon  the  lighting  power  he  has  made  at  various  theatres  in 

Paris.    The  first  were  taken  in  the  Opera  House ;  in  the 

auditorium  the  mean  intensity  is  10  candle-metres.    The 

other  measurements  gave 

Orchestra  stalls   10  candle-metres.  Horizontal  surface. 

Tit    ....13 

1st  circle  (centre)  boxes  8  „  Vertical  surface. 

2nd        „  „        10  „  „ 

3rd         „  „         15  „  „ 

The  light  varied  in  the  crushroom  between  10  to  20 
candles,  on  the  balcony  between  seven  and  14  candles,  in 
the  passages  one  to  five  candles,  it  is  nearly  constant  at  15 
on  the  staircase,  and  about  five  candles  at  the  buffet.  In 
the  Hippodrome  the  light  is  much  more  intense.  At  the 
ends  of  the  larger  axis  of  the  building  M.  Nerville  found 
44  candle-metres  on  a  horizontal  surface,  15  to  33  on  a 
vertical  surface  turning  on  its  axis.  At  the  extremities  of 
the  small  axis  16  to  20  candle-metres  on  the  horizontal 
surface,  and  50  on  the  vertical  surface.  In  the  track  it  was 
72  candle-metres  horizontal^  22  to  75  on  a  vertical  surface. 
There  are  means  of  increasing  the  light  by  supplementary 
lights.  For  instance,  the  scene  of  the  woodman  in  *'  Joan 
of  Arc "  is  lighted  by  a  special  arc  lamp  of  50  amperes, 
which  makes  the  lighting  intensity  130  candle-metres. 
These  data  may  prove  useful  in  future  installations  of 
electric  light  in  theatres. 

Bussed  at  tbe  Edinburgh  Szhibltloii. — ^Although 
the  Electrical  Exhibition  at  Edinburgh  is  singularly  attrac- 
tive and  full,  there  are  yet  several  exhibits  which  we  should 
have  expected  and  desired  to  see  there  to  render  it  a  com- 
plete exposition  of  the  latest  and  most  interesting  develop- 
ments. One  of  the  most  noticeable  is  the  absence,  or 
rather  the  non-working  of  the  electric  tramway.  This  is 
certainly  a  serious  omission.  The  tramway  is  there,  and 
was  to  have  been  working  in  May,  and  now  in  July  only 
experimental  trials  have  been  made.  There  have  been,  we 
believe,  some  unfortunate  difficulties  on  both  sides  between 
the  exhibition  authorities  and  contractors,  but  by  this 
time  we  sincerely  trust  these  have  been  arranged,  and  we 
hope  the  railway  is  at  work.  The  .other  omissions  of 
exhibits  we  would  like  to  have  seen  are  the  electric  weld- 
ing, the  turbo-generator  and  dynamo,  and  an  alternate- 
current  motor  in  working  order.  We  believe  we  are  right 
in  saying  that  the  Electric  Welding  Company,  now  that  the 
stress  of  company  formation  is  practically  over,  are  think- 
ing of  sending  in  a  machine  which  could  not  fail 
greatly  to  interest  shipbuilders  on  the  Clyde,  and 
is,  in  fact,  an  exhibit  every  visitor  expects  to  see. 
The  Parsons  16,000  revolution  steam>engine  and 
dynamo  is  a  most  interesting  exhibit,  and  can  never 
fail  to  interest  visitors,  and  at  present  the  only  place 
the  ordinary  engineering  world  expect  to  be  able  to  see  them 
18  at  an  exhibition — and  it  cannot  see  them  here  at  present. 
A  real  working  alternate-current  alternator,  by  Ganz  and 


Co.,  Tesla,  possibly  Swinburne,  or  others,  would  have  been 
justly  regarded  as  a  most  interesting  and  novel  exhibit,  and 
efforts  to  show  the  very  latest  in  this  direction  ought  to 
have  been  made.  Some  months  remain :  perhaps  it  is  even 
yet  not  too  late  to  remedy  these  omissions,  and  the  manu 
f acturers,  when  they  know  how  much  their  inventions  are 
missed,  will  doubtless  hasten  to  do  all  they  can  to  complete 
this  very  fine  exhibition  at  Edinburgh. 

Bamsley, — A  very  animated  and  prolonged  discussion 
upon  the  electric  lighting  question  took  place*at  the  monthly 
meeting  of  the  Barnsley  Town  Council  last  week.    Alder- 
man Blackburn  introduced  the  question,  and,  in  reviewing 
the  position,  said  that  when  the  agitation  was  on  foot  with 
respect  to  the  advance  in  the  price  of  gas,  a  public  meeting 
was  held  at  which  a  resolution  was  passed  asserting  the 
advisability  of  bringing  the  electric  light  into  the  town.   It 
was  agreed  by  that  Council  that  the  resolution  of  that 
public  meeting  should  be  respectfully  received,  and  that 
the  Council  should  give  to  the  subject  its  earnest  considera- 
tion.   On  the  9th  of  November  it  was  decided  to  apply 
for  a  provisional  order  from  the  Board  of  Trade  to  enable 
the  Corporation  to  maintain  electric  works  and    supply 
electricity  within  the  borough,  and  that  provisional  order,  in 
its  amended  form,  had  been  agreed  to  by  the  Board  of 
Trade,  passed  by  the  House  of  Commons,  and  was  now 
awaiting  the  sanction  of  the  House  of  Lords.    In  addition 
to  the  Council  applying  for  the  provisional  order,  the  Park 
and  Lighting  Committee  had  visited  various  towns  in  the 
country  for  the  purpose  of  finding  out  all  they  could  in  con- 
uoction  with  the  question,  and  then,  having  made  the  fullest 
enquiries,  they  had  made  application  to  several  electric 
companies  asking  on  what  conditions  they  would  set  down 
an  installation,  and  what  they  would   charge  the   CorJ 
poration  foi^it  if  they  bought  it  from  them  after  a 
certain  time.    They  found,  however,  that  the  expenses 
were  so  outrageous  that  it  was  impossible  to  entertain  the 
terms.    The  committee  then  asked  for  tenders   for  the 
putting  down  of  a  plant  for  the  Corporation ;  called  in  the 
assistance  of  Mr.  Bromley  Holmes,  of  Liverpool,  an  eminent 
electrical  engineer,  and  finally  came  to  the  conclusion  to 
recommend  to  the  Council  the  accepting  of  the  Westinghouse 
Company's  tender.     He  would  be  frank  with  the  Council. 
There  was  not  that  unanimity  of  feeling  in  the  committee 
in  connection  with  the  passing  of  the  resolution  that  he  had 
expected.    The  committee,  however,  had  pressed  on  as  fast 
as  possible.    The    provisional  order  they  had  practically 
obtained  held  good  for  two  years.    The  sooner  they  intro- 
duced the  light  the  better,  as  the  Co-operative  Society 
had  now  inUxxiuced  it  for   themselves,  and   other  con- 
sumers might  do  so  if  they  delayed.    In  the  discussion 
which    ensued,    the     principal     point    seemed    to    be 
that  Aid.  Marsden  described  a  statement  of  Mr.  Wray, 
that  he  (Aid.  Marsden)  had  said  he  would  spend  £10,000 
rather  than  see  the  electric  light,  as  a  deliberate  lie.    It 
was  afterwards  explained  that  the  Alderman  had  suggested 
trying  to  buy  the  gas  company  at  a  reasonable  price,  and 
if  not  successful  he  would  go  in  with  the  electric  light. 
The  town  clerk,  who  was  Mr.  Wray's  authority  for  the 
above  statement,  said  the  actual  statement  by  Mr.  Marsden 
was  that  before  he  would  sit  down  with  the  "  proposed 
area,''  he  would  spend  £10,000  in  opposing  the  provisional 
order ;  and  that,  said  Aid.  Marsden,  was  a  very  different 
thing.     This,  maintained  Mr.  Wray,  came  to  the  same 
thing,  and  was  an  extraordinary  thing  for  any  man   of 
business  to  say.    The  (Rebate  was  eventually  adjourned  for 
a  fortnight, 
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THE  EDINBURGH  EXHIBITION.-XII. 


At  stand  No.  59  Machinery  Hall,  Meears.  Patereon  and 
Cooper  exhibit  a  good  asaortment  of  dynamo  machines,  arc 
lamps,  meaauring  instrumonta,  and  geoeral  electric  light 
fittings.  This  firm's  standard  pattern  of  single  magnet 
Phnjtfix  dynamos  is  well-knowD,  and  is  shown  in  Fig.  1. 


Fio.  1. 

Different  siws  are  exhibited,  gnitable  for  belt  or  rope  driv- 
ing, and  in  addition  is  shown  a  Phoenix  dynamo  coupled 
direct  to  a  "  Weetingboitse  Special "  en^ne,  particularly 
suited  for  ship  lighting  or  for  employment  where  the  saving 


works  at  a  steam  pressure  of  1001b.  to  1201b.  per  square 
inch,  the  speed  being  automatically  governed.  The 
cylinders  are  4Jin.  in  diameter,  and  the  stroke  lin. 

Amongst  their  electric  lighting  accessories  are  to  be  seen 
polished  state  distribution-tablets  for  ship  work,  fitted  with 
ammeter  and  voltmeter  fuses,  and  spring  switches,  labelled 
with  the  names  of  the  various  circuits ;  also  a  large  number 
of  fittings  specially  designed  for  ship  work.  For  saloons 
and  cabins  the  lamp  brackets  and  pendants  are  silver- 
plated,  and  of  artistic  design,  while  for  deck  and  cargo  work 
fittings  of  a  very  strong  design  are  employed,  suited  to  the 
rough  work  for  which  they  are  intended.  A  portable 
cai^  lantern  has  a  cluster  of  three  16-c.p.  himps,  and  is 

Erovided  with  a  strong  outer  guard  for  protection ;  the 
old  lamp  fitting  is  made  of  heavy  iron,  and  has  hinged  to 
it  a  strong  shutter,  so  that  when  closed  up  cargo  can  be 

filaced  in  the  bold  against  it  without  fear  of  the  fitting  or 
amp  being  damaged.  In  ordinary  cases  these  lamps  are 
only  used  in  port  when  loading  or  dischai^ng  cargo,  but 
should  the  hold  be  used  for  cattle  or  sheep  tliey  are  very 
serviceable  at  sea.  The  regulation  types  of  mast  and  side 
lamps  fitted  electrically  are  shown,  each  having  two  16-c.p. 
lamps.  It  is  claimed  tlut  the  light  is  visible  at  a  greater  dis- 
tance and  clearer  than  that  from  oillampe,  also  tbatinstormy 
weather  theywill  burn  perfectly  steady  when  itwould  be  dim- 
cult  to  keep  oil  lamps  burning.  Another  appliance  used  in 
connection  with  ship  work,  and  shown  at  this  stand,  is  a 
small  motor  fan  or  saloon  punkah.  These  have  been 
applied  to  several  of  the  Eastern-going  ships,  fitted  by 
Messrs.  Paterson  and  Cooper,  and  the  cool  atmosphere 
provided  by  their  use  has  added  much  to  the  comfort  of 
the  passengers.  The  fan  attached  to  a  small  electromotor 
is  placed  near  the  end  of  the  saloon,  and  furnishes  a  con- 
tinuous supply  of  cool  air,  a  switch  for  turning  the  driving 
current  on  or  off  being  conveniently  situated  under  the 
control  of  the  steward. 

Models  of  several  of  the  steamers  which  Messrs.  Pater- 
son and  Cooper  have  fitted  with  electric  ligh*t  are  shown. 


of  space  is  an  object.  This  combination  is  shown  in  Fig. 
S,  the  caat-iron  bedplate  which  supports  the  engine  taking 
the  place  of  the  machine  bed  in  Fig.  1,  and  form- 
ing, as  does  the  latter,  the  yoke  to  the  magnet. 
At  a  speed  of  600  revolutions  per  minute  the  dynamo 
gives  45  amperes  and  100  volts,  furnishing  power 
HUSci^nt  for  76   lamps  of  16   cp.   each.      The    engine 


Amongst  these  is  the  ss.  "  Parisian,"  a  handsome  vessel, 
440ft.  in  length,  built  for  the  Allan  Line  Mail  Service 
by  Napier  and  Sons,  of  Glasgow,  in  1881.  Her  carrying 
capacity  is  9,663  tons,  and  her  en^nes  are  of  6,000  h.p. 
She  la  fitted  with  600  lamps,  the  current  being  supplied  by 
two  Phoenix  dynamos,  each  belt  driven  from  a  separate 
high-speed  vertical  engine.    Another  model  shown  is  that 
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of  the  88.  "Perth/'  the  fourth  vessel  fitted  by  Messrs. 
Paterson  and  Cooper  for  the  Dundee,  Perth,  and  London 
Shipping  Company.  This  vessel  has  just  been  completed 
by  the  builders,  Messrs.  W.  B.  Thompson  and  Co.,  of 
Dundee,  and,  in  addition  to  the  ordinary  lights  for  the 
cabins  and  passenger  service,  is  fitted  with  special  fixed 
lights  for  cargo  work  in  the  holds  and  on  decks.  In  addi- 
tion to  the  models,  several  photographs  of  the  steamers 
fitted  by  the  firm  are  also  on  view. 

The  Phoenix  arc  lamp,  manufactured  by  the  firm,  has  a 
place  at  the  stand,  and  is  shown  with  its  protecting  cover 
removed  in  Fig.  3.  The  lamp  is  of  the  difierentially 
wound  class,  and  is  equally  well  adapted  for  burning  in 
series  on  a  constant- current  circuit  or  in  parallel  on  a 
constant-potential  circuit.  In  the  drawing,  A  represents 
an  electromagnet  wound  with  coarse  and  fine  wire  coils, 


Fio.  3. 

the  pole-pieces,  P,  acting  upon  an  armature,  K,  fastened 
upon  a  frame,  H  D,  pivoted  at  F.  The  frame  carries  a 
brake-wheel,  B,  on  the  axle  of  which  is  fastened  a  small 
pinion,  G,  and  a  brake  lever,  N,  made  to  grip  B  by 
a  helical  spring  attached  to  the  frame.  The  pinion, 
G,  gears  into  the  larger  toothed  wheel,  £,  on  the 
axis  of  which  is  a  pinion,  C,  engaging  with  the 
rack,  T,  of  the  positive  carbon  rod.  This  rod  carries  a 
weight,  W,  which  in  descending  enables  the  negative  rod, 
y  X,  to  be  lifted.  When  no  current  is  flowing,  the  brake 
lever,  N,  rests  on  the  screw,  S,  which  releaseslthe  brake- 
wheel  and  allows  the  carbons  to  come  into  contact 

The  action  of  the  lamp  is  as  follows  :  The  current  enters 
the  right-hand  positive  terminal,  passes  through  the  frame- 
work of  the  lamp  to  the  rod,  Y,  and  thence  to  the  positive 
carbon,    It  returns  by  th^  insulated  rod,  X,  and  flexible 


cord  attached  to  it,  passing  through  the  coarse  wire  coils  on 
A,  and  then  to  the  negative  terminal.  The  magnet  attracts 
K,  raising  the  frame,  H  D,  this  causing  the  lever,  N,  to 

grip  the  brake-wheel,  and  the  toothed  wheels,  E  and 
,  turning  round  the  rod  Y  is  lifted,  and  X  lowered, 
the  arc  being  thus  formed.  As  the  carbons  consume, 
the  difference  of  potentials  at  the  lamp  terminals  rises. 
The  current  in  the  fine  wire  coils  round  A,  which  are  a 
shunt  to  the  terminals,  consequently  increases.  This 
weakens  the  electromagnet.  A,  and  allows  the  frame,  H  D, 
to  fall  gradually,  and  the  carbons  to  approach  each  other. 
When  the  lever,  N,  comes  in  contact  with  the  screw,  S,  the 
brake  is  released,  allowing  the  carbons  to  approach  as  the 
consumption  continues.  While  the  lamp  is  bumine  the 
end  of  the  lever  remains  quite  close  to  tne  screw,  n  the 
carbons  burn  out,  or  from  any  other  cause  the  circuit 
through  them  is  broken,  the  frame,  H  D,  drops  on  the  in- 
sulated pillar,  M ;  this  completes  the  circuit  from  the  lamp 
frame  through  the  German  silver  resistance,  B,  to  the  nega- 
tive terminal,  thus  preventing  a  break  in  the  continuity  of 
the  circuit  when  the  lamps  are  in  series. 

When  burning  in  parallel  on  a  65-volt  circuit,  the  by- 
pass resistance,  B,  is  removed.  In  this  case  the  usual 
auxiliary  resistance,  absorbing  about  15  volts,  is  placed  in 
the  circuit  of  each  lamp.  The  pole-pieces,  P,  and  armature, 
K,  are  shaped  so  that  for  the  same  current  and  difference 
of  potentials  the  pull  on  the  frame  is  in  every  position 
similar ;  but  should  the  current  or  difference  of  potentials 
alter,  a  small  movement  of  the  frame  at  once  adjusts  the 
arc  to  its  normal  strength.  A  dash-pot  attached  to  the 
armature  checks  any  sudden  movement  due  to  impurities 
in  the  carbons,  etc.  These  lamps  are  installed  at  Peter 
Bobinson's  Oxford-street  and  Begent^treet  houses,  at  the 
Albert  Institute,  Dundee,  and  in  many  other  important 
installations. 

A  variety  of  electrical  measuring  instruments,  for  which 
the  firm  has  justly  a  reputation,  is,  of  course,  exhibited. 
Among  these  are  the  well-known  permanent  magnet  Ayrton 
and  Perry  instruments,  which  the  firm  has  manufactured 
since  their  first  appearance,  and  which  still  find  a  good  sale. 
Several  PhoBnix  dead-beat  electromagnet  ammeters  and 
voltmeters  are  also  shown,  the  controlling  force  in  these 
being  furnished  by  a  strong  spring  instead  of  by  the  weak 
directional  effort  of  an  electromagnet  with  a  small  core. 
These  instruments  are  made  to  measure  currents  up  to 
2,500  amperes.  Cardew  voltmeters  of  the  latest  pattern, 
as  well  as  all  forms  of  instruments  used  for  electric  light 
testing,  are  to  be  seen. 

A  model  of  a  new  system  of  railway  carriage  construc- 
tion, designed  by  Mr.  B.  M.  Short,  is  shown,  the  carriage 
containing  firsts  second,  and  third-class  compartments,  with 
lavatories,  etc.,  electrically  lighted.  Though  not  in  connec* 
tion  with  electricity,  Messrs.  Paterson  and  Cooper  have  a 
model  on  view  of  Captain  Anderson's  patent  hold-handy 
ladder,  which  is  designed  to  supersede  the  dangerous  hola 
ladder  in  use.  It  affords  easy  access  to  the  holds,  and  is  of 
great  convenience  to  shipowners  and  surveyors  when  in- 
specting cargo,  etc.  The  ladder  is  fitted  on  the  ss.  ''  City 
of  Vienna,"  and  other  steamers  of  the  City  Line. 


THE  WORKING  EFFICIENCY  OF  SECONDARY 

CELLS.* 

BY  W.  E.  AYRTON  ;  C.  G.    LAMB,   E.   W.    SMITH,  AND  M.    W. 

WOODS,  ASSOCIATES. 

(Continued  from  page  51.) 

vn.— Effect  of  Best. 

We  next  tried  the  effect  produced  on  the  capacity  and 
efficiency  of  accumulators  by  prolonged  rests.  The  five 
cells  used  in  the  experiments  stood  on  porcelain  insulators 
containing  resin-oil ;  and  as  the  insulators,  which  were  speci- 
ally made  for  the  Central  Institution,  were  taller  than  those 
commonly  employed  to  support  accumulators,  and  as  all 
connecting  wires  were  removed  from  the  cells  while  they 
were  allowed  to  rest,  it  is  certain  that  any  change  in  the 

— • — -^~ — ■ — — 

*  Paper  read  before  the  meeting  of  the  Institution  of  BSectrical 
Engineers  f^t  £dinbargh,  July  16, 1890, 
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ceUa  must  have  been  caused  by  internal  action,  and  could 
not  have  been  due  to  external  leakage. 

Hie  cells,  having  been  fully  chargeid  on  June  22nd,  1889, 
were  allowed  to  rest,  insulated  as  above  described,  until 
July  2nd,  that  is,  for  10  days.  The  first  few  curves  of  dis- 
chaise  and  charge  after  the  rest  showed  a  considerable 
diminution  in  the  capacity  and  efficiency ;  but  after  one 
week's  continuous  charging  day  and  night  a  steady  cycle 
was  reached,  the  following  being  the  times  of  successive 
discharges  and  charges,  the  limiting  P.D/s  as  before,  being 
1-8  and  3*4  volts  : 

Times  of  Suoobssive 

Charges. 

llh.  35m. 

Uh.  30m. 


Discharges. 

lOh.     Im. 

9h.  59m.  ;, 

9h.  58m.  llh.  32m. 

9h.  57m.  llh.  33m. 


Curves  10  and  11  show  the  variation  of  the  P.D.  per  cell, 
and  on  integrating  these  curves  we  obtain 

^P^-^^^-^r    ^rJT    ^i^"    Q-ntity.   Energy. 


hours.      per  ceU. 
100     ...    198 


hours.  per  cell. 

103-8    228-2    96-4    ...  858 


Rest^  then,  of  an  accumulator,  although  left  well  insulated 
and  fully  charged  at  the  commencement^  alters  the  accu- 
mulator so  that  for  the  first  few  charges  and  discbarges 
after  the  rest  it  is  a  much  less  valuable  instrument  than 
before.  A  week's  continuous  charging  and  discharging  day 
and  night,  however,  removes  this  effect  to  a  great  extent ; 
the  efficiency,  however,  still  remains  somewhat  lower  than 
before  the  rest 

Next,  the  cells  were  allowed  to  rest  charged  for  12  days, 
until  August  1st.  The  first  discharge  at  the  end  of  the 
rest  ^ve  a  quantity  efficiency  of  only  80  per  cent.,  so  that 
20  per  cent,  of  the  charge  was  lost.  After  a  week's  con- 
tinued charging  and  discharging  between  the  former  limits 
of  volts,  the  cells  regained  a  steady  state,  but  the  time  of 
charge  and  of  discharge  is  now  less  than  before  this  second 
rest     The  times  after  the  week's  charging  and  discharging 

were  : 

Times  of  SuoosssnrE 

DiBchargee.  Charges. 

9h.    3m.  lOh.  41m. 

9h.    2m.  lOh.  44m. 

9h.  10m.  lOh.  51m. 

Curves  11  and  12  show  the  P.D.  curves  when  the  cells 
had  acquired  a  steady  state,  and  on  integrating  them  we 
find— 

^^^'^^^^  Charge.  wor^T^ffi^W 

"feSr-  "^^L'^iT"  Tr^^      ^;f -^^r  Quantity.    Energy. 

....   82-8 


hours.        per  cell.        hours. 
91     1761   96-8 


per  cell. 
218-2    941 


We  see,  then,  that  a  week's  continuous  charging  and  dis- 
charging of  these  cells  is  unable  to  compensate  for  the  harm 
produced  by  their  being  left  for  12  days  fully  charged.  The 
two  reste  of  10  days  and  12  days  respectively,  although 
followed  in  each  case  by  a  week's  continuous  charging  and 
discharging,  have  reduced  the  discharge  ampere-hours  by 
10  per  cent,  the  discharge  watt-hours  by  12  per  cent.,  the 
quantity  efficiency  by  3  per  cent.,  and  the  energy  efficiency 
by  5  per  cent. 

Third  Best, — ^The  cells  having  been  fully  charged,  a  third 
rest  of  16  days  took  place.  On  the  first  discharge,  at  the 
normal  rate  of  10  amperes,  the  ampere-hours  were  only  75. 
After,  however,  the  charging  and  discharging  at  the  normal 
rates  had  been  continued  for  three  days  and  nights,  the 
times  of  discharging  and  charging  became  steady. 

Times  of  Svocsssivs 
Discharges.  Charfires. 

8h.  12m.  9h.  28m. 

8h.  17m.  9h.  35m. 

8h.  19m.  9h.  35m. 

and  curves  14  and  15  show  the  working  values  of  the  P.D. 
in  discharging  and  charging.  Integrating  the  curves,  we 
obtain: 

Di-d-rge.  Charge.  worktar^'oS.oy. 

95-8  84-7 


boars,      per  cell. 
82-6  161-3    , 


hours. 
86-2 


percelL 
190-5 


•  •    «  •  • 


Fourth  Eest.-^The  cells,  having  been  fully  charged,  were 
allowed  to  rest  for  16  days.  Curve  16  gives  the  values  of 
P.D.  obtained  at  the  nrst  discharge,  and  curve  17  the 
values  of  the  P.D.  obtained  immediately  afterwards  in 
charging.  Integrating  the  former  curve,  and  comparing  its 
area  with  the  area  of  the  charge  curve,  15,  obtained  just 
before  the  rest,  we  find 

First  discliarge  Last  charge  Percentage 

after  rest.  before  rest.  efficiency. 

Ampere-  Watt-hours     Ampere-    Watt-houre  Q^^ntity.  Energy, 
hours.       per  cell.  houre,  per  cell      vc"»"wujr.  suu^  ^j* 

56-5  110-6    86-2    ......    1905    65-6      58 

If,  however,  we  compare  the  result  of  the  first  discharge 
after  the  rest  with  the  first  subsequent  charge,  shown  in 
curve  17,  we  find 

First  discharge  First  charge  Percentage 

after  rest.  alter  rest.  efficiency. 

Ampere-  Watt-hours     Ampere-    Watt-hours  Q^^^ity.  Energy. 

hours.      per  cell.  hours.         per  cell.       ^  j  e>j 

56-6  110-5    711    158-3  79*6  69*6 

The  cells  were  now  continuously,  without  intermission, 
charged  with  the  normal  current  of  nine  amperes,  and  dis- 
charged with  10;  the  discharge,  as  before,  being 
automatically  stopped  when  the  P.D.  per  cell  had  fallen  to 
1-8  volts,  and  the  charge  when  it  had  risen  to  2*4  volts. 
The  following  give  the  successive  times  in  hours  and 
minutes  in  which  the  cycles  were  completed  :  . 

First  discharge  after  rest,  5h.  40m.  First  charge,  7h.  54m. 

Second  „  „  7h.    6m.  Second    „  8h.  30in. 

Third  „  „  7h.  31m.  Third       „  8h.  51m. 

Fourth  „  „  7h.  29m.  Fourth    „  8h.  52m. 

Fifth  „  „  7h.  43m.  Fifth       „  9h.  17m. 

Sixth  „  „  8h.    Om.  Sixth       „  9h.  24m. 

Seventh  „  „  8h.    5m.  Seventh  „  9h.  17m. 

Eighth  „  „  7h.  57m.  Eighth    „  9h.  20m. 

From  the  last  three  discharges  and  charges  we  see  that 
the  cells  have  arrived  at  a  steady  state,  and  curves  18  and 
19  show  the  steady  or  working  values  of  the  P.D.  for  these 
three  discharges  and  charges.  Integrating  the  areas  of 
these  two  sets  of  curves,  we  find — 

!>!«*«»»•        .                 Ch«ge.                worK^r^ncy. 
Ampere-    Watt-hours  Ampere-  Watt-hours     ri«o«fUw   i?nAro>v 
ho^.          per  cell.        hours.        per  cell.       ^^^^^^V'  Energy. 
80    156-9    ...    83-8    1846      95-6    85 

Fifth  Best — The  cells  were  now  left  charged  for  a 
further  period  of  16  days.  Curve  20  gives  the  values  of 
the  P.D.  obtained  at  the  first  discharge  after  the  rest)  and 
curve  21  the  values  of  the  P.D.  obtained  immediately 
afterwards  in  charging.  Integrating  the  areas  of  these 
curves,  we  have — 

First  discharge  Last  charge  Percentage 

after  rest.  before  rest.  efficiency. 

Ampere-  Watt-hours     Ampere-    Watt-hwirs  Q^^^ity.  Energy, 
hours.      percelL  hours.  per  cell.      vs"**""***/*  *«"'»*Kjr. 

f83-8  184-6 63-6  56-4 

53*3  104-1  -I  First  charge  after  rest. 

[58-5  128-3 91-1  81-1 

Continuous  charging  and  discharging  with  the  normal 
currents  between  the  normal  limits  of  P.D.  per  cell,  gave 
the  following  times  for  completing  the  cycles : 

First  discharge  after  rest,  5h.  20m.  First  charge,  6h.  30m. 

Second  „  „  6h.  18m.  Second    „  7h.  29m. 

Third  „  „  6h.  42m.  Third       „  7h.  59m. 

Fourth  „  „  6h.  54m.  Fourth    „  8h.  19m. 

Fifth  „  „  7h.  15m.  Fifth       „  8h.  20m. 

Sixth  „  „  7h.  16m.  Sixth       „  8fa.  SOm. 

Seventh  „  „  7h.  23m.  Seventh  „  8h.  41m. 

Eighth  „  „  7h.  34m.  Eighth    „  8h.  44m. 

Ninth  „  „  7h.  40m.  Ninth      „  8h.  47m. 

It  was  concluded  from  the  times  of  the  last  three  charges 
and  discharges  that  the  cells  had  acquired  a  steady  state, 
and  curves  22  and  23  show  the  time  fall  and  the  time  rise 
of  P.D.    Integrating  the  areas  of  these  curves,  we  have 

^    Discharge.  Charge.  workSTSffi^ncy. 

Ampere-  Watt-hours  Ampere-      Watt-hours    Quantity.  Energy. 

hours        per  cell.       hours.  per  cell.       ^  j  ^j 

76    149-6  78-3    173-2    97*1  863 

The  following  table  gives  a  resumd  of  these  results,  all 
the  discharges  being  made  with  10  amperes  until  the  P.D. 
fell  to  1*8  volts  per  cell,  and  all  the  charges  being  made 
with  nine  amperes  until  the  P.D.  per  cell  rose  to  2*4  volts. 
Before  each  rest  the  cells  were  charged  until  the  P.D.  per 
cell  was  2*4  volts. 
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TABLES. 


DiBoharge. 


Duration  of 
discharge. 


h.  ZD* 

10  12 


10  0 
9  8 
824 


6  41 


8    0 


6  21 


7    6 


Ampere- 
hoars. 


101*9 


Watt-hours 
per  cell. 


201-7 


Nnmber  of 
curve. 


Charge. 


Duration  of 
charge. 


Ampere- 
hours. 


Watt-hours 
per  celL 


8 


Cells  in  normal  state, 
h.  m. 
11  38 


Number  of 
curva 


9 


Percentage  efficiency. 


Quantity. 


97-2 


Energy. 


87-4 


104-5       I       230*7 

Rest  of  10  days.    Cells  then  charged  and  discharged  many  times  until  brought  to  a  steady  working  state. 
100  I        196  I         10         I       11  31       I        103-8       |        228*2       |  11  |         96*4         |         85*8 

Rest  of  12  days.    Cells  then  charged  and  discharged  many  times  until  brought  to  a  steady  working  state. 

91  I       1767       I  12         I       10  46       I         968       |       213*2       |  13         |         941         |  82*8 

Rest  of  16  days.    Cells  then  charged  and  discharged  several  times  until  brought  to  a  steady  working  state. 


82*6       I 


161*3       I  14        I        9  36      I         86*2      |       190-5 

Rest  of  16  days.    First  discharge  and  charge  after  rest. 


I 


15 


I 


95-8 


I 


84-7 


56-6 


110-5 


16 


7  54 


711 


158*3 


17 


rRatio  of  first  discham  after 
rest  to  last  charge  &^/ore  rest 

65-4         I  68-0 

Ratio  of  first  dischanre  after 

rest  to  first  charge  afier  rest 

79-6         I         69-6 


Cells  now  charged  and  discharged  several  times  until  brought  to  a  steady  working  state. 


80 


156-9       I         18  I        9  20       I         83-8       I       184-6 

Rest  of  16  days.    First  discharge  and  charge  after  rest. 


19 


I 


95-5 


I 


85-0 


53-3 


104-1 


20 


6  30 


58-5 


128-3 


21 


Ratio  of  first  discham  afttr 
rest  to  last  charge  h^ort  reet 

63*6         I         56-4 

Ratio  of  first  dischaige  after 

rest  to  first  charge  after  rest 

911         I         81-1 


76 


Cells  now  charged  and  discharged  several  times  until  brought  to  steady  working  state. 
149*5       I         22         I       8  12       I         78-3       i       173*5  23         I         97*1 


I 


86*3 


From  Table  6  it  will  be  seen  that,  in  spite  of  the  con- 
tinued charging  and  discharging  at  the  end  of  each  rest, 
there  is  a  steac^  falling  off  in  the  quantity  capacity  from 
101*9  ampere-hours  at  the  beginning  to  76  ampere-hours  at 
the  end,  and  in  the  energy  capacity  from  201*7  watt-hours 
to  149*5  watt-hours.  The  quantity  and  energy  efficiencies, 
97*1  and  86*3  per  cent,  respectively,  at  the  ena  are  the  same 
as  at  the  beginning.  Comparing  the  first  discharge  after 
each  of  the  16  days'  rest  with  the  last  charge  before  the 
rest,  there  appears  to  be  a  loss  of  about  36  per  cent  in  the 
ampere-hours,  and  about  43  per  cent  in  the  watt-hours  j 
or,  since  the  normal  quantity  and  energy  efficiencies  for  a 
discharge  immediately  following  a  charge  are  respectively 
97  and  87  per  cent,  it  follows  that  the  rest  of  16  days 
causes  a  loss  of  about  33  per  cent,  in  the  ampere-hours  and 
about  30  per  cent  in  the  watt-hours,  in  addition  to  the 
losses  that  normally  occur  on  a  charging  immediately  fol- 
lowed by  a  discharging. 

From  all  that  precedes,  it  follows  that  the  previous 
history  of  an  accumulator  produces  an  enormous  effect  on 
its  efficiency.  If,  for  example,  an  E.P.S.  accumulator  be 
over  and  over  again  carried  round  the  cycle  of  being 
charged  up  to  2*4  volts  per  cell  and  discharged  down  to  1*8 
volts  per  cell,  the  charging  and  discharging  currents  being 
the  maximum  allowed  bv  the  makers — viz.,  0*026  ampere 
per  square  inch  in  charging,  and  0*029  ampere  per  square 
inch  in  discharging — the  "  working  efficiency  "  thus  obtained 
may  be  97  per  cent  for  the  ampere-hours  and  87  per  cent, 
for  the  watt-hours.  If,  on  the  contrary,  the  cell  be  con- 
stantly charged  up  before  being  tested,  then  for  the  first 
few  charges  and  discharges  between  the  above  limits,  and 
with  same  current  density  in  charging  and  discharging  even 
the  energy  efficiency  may  be  as  high  as  93  per  cent ; 
whereas,  if  the  accumulator  has  been  left  for  some  weeks, 
then,  although  it  was  left  charged,  the  energy  efficiency 
for  the  first  few  charges  and  discharges  will  be  as  low  as 
70  per  cent 

While,  on  the  one  hand,  our  tests  show  that  continued 
rests  of  a  charged  accumulator  appear  to  be  far  more 
serious  for  the  accumulator  than  we  had  previously 
imagined,  the  working  efficiency  appears  to  be  higher  than 
has  hitherto  been  supposed,  since  we  believe  that  about 
84  per  cent,  efficiency  in  the  watt-hours  is  all  that  the 
advocates  of  accumulators  have  claimed  for  them. 

The  small  ness  of  the  first  discharge  after  a  rest  might  be 
du6  either  to  a  kind  of  electric  short-circuiting  and  dissipa- 


tion of  the  energy,  or  to  some  change  in  the  character  of 
the  active  material  converting  the  energy  perhaps  directly 
into  heat,  or  to  some  of  the  active  material  having  become 
disconnected  from  the  plates  during  the  rest  and  having 
fallen  down  to  the  bottom  of  the  cell.  The  smallness  of 
the  first  charge  subsequently  to  the  first  discharge  after  the 
rest  shows  that  mere  electrical  leakage  during  that  time  has 
not  been  the  cause  of  the  loss  of  energy,  while  the  steady 
increase  in  the  storage  capacity  brought  about  by  a  series 
of  charges  and  discharges  tends  to  show  that  rest  brings 
about  some  change  in  the  nature  of  the  active  material. 

In  all  the  tests  in  which  the  results  are  given  in  the  pre- 
ceding table  the  charge  and  discharge  were,  as  already 
stated,  terminated  when  the  P.D.  per  cell  reached  a  fixed 
value ;  it  is,  therefore,  possible  that  the  apparent  falling 
off  in  the  capacity  of  the  cells  to  store  energy  may  be  due 
to  a  change  in  the  resistance  of  the  cells  produced  by  the 
rest.  For  a  change  in  the  resistance  of  the  cells  will  change 
the  terminal  P.D.  for  a  given  current  flowing  through  the 
cells  without  there  being  any  necessary  change  in  the 
storage  capacity. 

It  is,  therefore,  interesting  to  study  the  variations  in  the 
shapes  of  the  P.D.  curves  8  to  23.  First,  as  regards  the 
charge  curves,  9  and  11  are  convex  everywhere  to  the  axis 
of  time  except  just  when  the  charging  is  commenced ; 
whereas  13,  the  steady  working  charge  curve  after  the 
second  rest,  rises  much  more  rapidly  when  the  P.D.  cell  is 
about  2*3  volts  than  is  the  case  in  the  other  two  curves^ 
then  bends  over  and  becomes  concave  to  the  axis  of  time. 
This  peculiaritv  in  curve  13  is,  we  notice,  not  very  strik- 
ing in  the  small  reproduction  of  this  curve  in  the  text,  but 
in  the  original  curves  as  plotted  on  large  sheets  of  squared 
paper  from  the  results  of  the  tests,  the  difference  between 
curves  11  and  13  is  very  noticeable. 

The  following  list  gives  the  time  in  hours  and  minutes 
from  the  commencement  of  the  charging  when  the  P.D. 
per  cell  reaches  2*2  volts  : 

Curve  9...7h.  14m... Steady  working  charge  before  rests. 
ll...7h.  32m...  „  „  after  first  rest 

13... 7h.  10m...  „  „  after  second  rest 

15...5h.  36m...  „  „  after  third  rest 

17. ..3h.  54m.. .First  charge  after  fourth  rest. 
19. . .5h.  43m. . .Steady  workingcharge afterfourth  rest 
21... 4h.  50m... First  charge  after  fifth  rest. 
„    23... 4h.  40m... Steady  working  charge  after  fifth  rest 


}) 


»i 


99 


THE  ELECTRICAL  ENGINEER,  JULY  25,  1890. 


73 


It  18  dear,  then,  that  the  effect  of  a  series  of  rests  is  to 
cause  the  P.D.  to  rise  much  more  rapidly  in  subsequent 
charges,  and  the  time  curre  rise  of  P.D.  still  remains 
unusually  steep,  although  at  the  end  of  every  rest  there 
was  a  prolonged  and  uninterrupted  series  of  charges  and 
discharges. 

Curves  16  and  20,  which  give  the  values  of  the  P.D.  for 
the  first  discharges  after  the  fourth  and  fifth  rest,  show 
that  for  the  first  hour  from  the  beginning  of  each  of  these 
discharges  the  P.D.  rises  instead  of  falling,  as  is  the  case  in 
normal  discharges. 

If  the  rapid  fall  of  P.D.  at  the  commencement  of  a  dis- 
charge be  due  to  a  disappearance  of  gases  occluded  in  the 
plates,  as  some  have  supposed^or  if,  as  Dr.  Gladstone  and 
Mr.  W.  Hibbert  imagine,  the  charging  of  a  cell  causes  the 
acid  round  the  positive  plate  to  become  denser  than  that 
round  the  negative,  and  the  mixing  of  the  denser  and  less 
dense  acid  at  the  commencement  of  the  discharge  causes 
the  P.D.  to  fall — then  the  absence  of  this  fall  at  tno  begin- 
ning of  a  discharge  after  a  long  rest  would  be  explained ; 
but  neither  of  these  theories  would  apparently  explain  the 
rise  of  the  P.D.  obtained  by  us  at  the  commencement  of  a 
discharge  after  a  long  rest  Indeed,  the  fact  that  it  required 
two  discharges  and  two  charges  after  long  rests  before  the 
discharge  curve  (the  third  after  the  rest)  acquired  its 
normal  form,  tends  to  show  that  this  rise  of  P.D.  at  the 
commencement  of  the  first  discharge  after  a  long  rest  is  due 
to  some  other  cause. 

Again,  Prof.  Duncan  and  Mr.  H.  Wiegand  have  shown 
in  their  communication  that  the  diffusivity  of  the  sulphuric 
acid  into  the  plugs  is  greatest  at  the  end  of  the  charge,  and 
least  at  the  end  of  the  discharge.  Hence,  if  it  be  the 
diffusing  out  of  the  strong  sulphuric  acid  from  the  plugs 
of  the  positive  plate  that  causes  the  rapid  fall  of  E.M.F.  on 
breaking  the  charging  circuit  at  the  end  of  a  charge  (see 
Figs.  3,  4,  and  11),  one  would  hardly  expect  that  it  would 
be  at  the  end  of  the  discharge,  when  the  diffusivitv  of  the 
acid  in  the  plugs  was  a  minimum,  that  the  rise  of  E.M.F. 
on  breaking  the  discharging  circuit  would  be  most  rapid, 
but  that  numerous  experiments  have  shown  us  to  be  the 
case.  In  fact,  curve  No.  8,  Fig.  11,  shows  that  towards  the 
end  of  the  charge  the  E.M.F.  falls  from  2-298  to  2274 
volts  in  20  seconds  after  breaking  the  charging  circuit,  and 
similar  curves  that  we  have  drawn  from  our  experiments 
on  the  time  rise  of  E.M.F.  on  breaking  the  discharging 
circuit  show  that  towards  the  end  of  the  discharge  the 
LM.F.  rises  from  1*951  to  1*970  volts  in  20  seconds,  the 
latter  rate  of  rise  being  almost  exactly  equal  to  the  former 
rate  of  fall. 

All  the  rests  already  referred  to  occurred  when  the  cells 
were  fully  charged  ;  but  before  these  long  rests  took  place 
the  cells  when  in  their  normal  state  were  on  one  occasion 
allowed  to  remain  discharged  for  34  minutes,  with  the 
following  result : 

CeUs  in  Normal  State. 


Time  taken  to  complete — 
Discharging  lOh.  10m. 
Next         „  lOh.  12m. 


Charging  llh.  38m. 
Next      „        llh.  37m. 


Next 


>} 


II 


llh.  37m. 


Next         „  lOh.  11m. 

Cells  here  remained  discharged  for  34  minutes. 

First  charging  after  rest,  llh.  50m. 
First  discharging  after  rest,  lOh.  15m. 

Next  charging  after  rest,  llh.  42m. 

These  results  emphasise  the  fact  that  accumulators  are 
damaged  if  left  discharged  even  for  a  short  time,  and  it  was 
for  this  reason  that  during  the  whole  of  this  investigation 
the  cells  were  never  left  discharged  for  a  longer  time  than 
was  necessary  to  change  over  the  connections  from  discharge 
to  charge,  except  on  this  one  occasion  when  it  was  desired 
to  ascertain  the  magnitude  of  the  change  produced  by  leav- 
ing the  cells  discharged  for  a  short  time. 

It  is  interesting  to  notice  that  the  effect  of  discharging 
cells  too  low,  or  of  leaving  them  discharged,  is  to  increase 
the  times  required  for  the  subsequent  chargings,  whereas 


the  effect  of  leaving  them  charged  is  to  diminish  the  times 
required  for  the  next  chargings. 

VIII.— Chemical  Action. 

Dr.  Frankland  has  shown  that  probably  the  discharge  of 
an  ordinary  accumulator  is  accompanied  bv  the  formation 
of  one  or  other,  or  both,  of  the  new  lead  salts  which  he  has 
isolated,  and  which  have  the  formulas  (Pb^SjO^p)  and 
(Pb5S30i4)  respectively.  And  he  concludes  that,  m  view 
of  the  great  aifficulty  of  electrolytically  splitting  up  the 
well-known  white  sulphate  of  lead  (PbS04),  this  sulphate  is 
not  formed  in  the  ordinary  discharge  of  the  accumulator, 
and  is  only  produced  when  the  cell  begins  "  to  sulphate."* 

Prof.  W.  Kohlrausch  and  C.  Heim,  however,  show  in 
their  paper  already  referred  to  that  the  observed  variations 
in  the  specific  gravity  of  the  liquid  during  charge  and  dis- 
charge agree  well  with  the  very  simple  chemical  actions: 

Charge. 
Positive  plate — 

PbSO^  -H  2  HjO  +  SO4  =  PbOj  4-  2  H^SO^. 

Negative  plate — 

PbS04  +  Hj  «  Pb  +  H^SO^. 

Disdtarge, 
Positive  plate — 

PbOj  +  H2SO4  +  Hjj = PbSO^  +  2  H2O. 

Negative  plate— 

Pb  +  SO^^PbSO^. 

It  is  to  be  noticed,  however,  that  the  falling  off  in  the 
specific  gravity  during  discharge  is  merely  a  test  of  the 
amount  of  H2SO4  that  is  converted  into  H^O,  and  affords 
no  criterion  as  to  what  sulphate  of  lead  is  formed  by  the 
SO.  liberated. 

During  our  investigation  we  observed  the  variation  in 
the  specific  gravity  of  the  liquid  during  about  100  charges 
and  oischarges,  and  the  mean  of  this  Targe  number  of  the 
fairly  consistent  results  that  we  obtained  showed  that, 
with  the  accumulators  we  were  testing,  the  variation  in 
density  per  ampere-hour  was  about  0*000232.  This  result 
is  probably  right  to  within  5  per  cent.,  for  our  hydro- 
meter would  read  accurately  to  about  0*001,  which  is 
about  5  per  cent,  of  0*03,  the  total  change  in  specific 
gravity  observed  during  the  discharge ;  and,  therefore,  as 
each  result  is  correct  to  something  like  5  per  cent,  the 
mean  of  a  hundred  results  will  certainly  be  correct  to 
within  5  per  cent. 

On  referring  to  tables  of  the  density  of  dilute  sulphuric 
acid,  we  find,  by  plotting  the  results,  that  between  the 
limits  we  are  concerned  with — 1*2  and  1*17 — ^the  change  of 
density  is  directly  proportional  to  the  amount  of  SO3  taken 
from  the  solution ;  and,  further,  that  to  produce  a  change 
in  density  of  O'Ol  at  15deg.  C,  it  requires  that  one  gramme 
of  dilute  sulphuric  acid  of  density  1*2  should  ^ve  up 
0*01268  of  a  gramme  of  SOg.  And  as  the  liquid  in  each 
cell  weighed  about  10,490  grammes  when  the  cell  was 
charged  and  the  density  1*2,  it  follows  that  the  weight  of 
SO3  liberated  per  ampere-hour  in  each  cell,  when  calculated 
from  the  variation  in  the  specific  gravity,  must  equal 

^'^^^^^  X  0-01268  X  10,490  grammes, 
001  ^ 

or  3*086  grammes. 

Further,  the  electro-chemical  equivalent  of  SO.  is 
0  0004 14  grammes  per  coulomb ;  and  since  lead  sulphate 
is  formed  on  both  the  positive  and  negative  plates  during 
the  discharge,  the  weight  of  SO3  taken  out  of  the  liquid 
per  ampere-hour,  when  calculated  from  the  electro-chemical 
equivalent  of  SO3,  must  be 

2  X  3,600  X  0000414  =  3041  grammes. 
These  two  results  show  a  close  agreement.  At  the  same 
time  it  is  to  be  noticed  that  not  merely  does  the  amount  of 
SO3  liberated  per  ampere-hour  come  out  somewhat  higher 
when  calculated  from  the  mean  change  in  the  specific 
gravity  than  when  csdculated  from  the  chemical  equivalent, 
but  the  same  result  is  obtained  for  each  separate  set  of 
tests. 

(To  be  amiinued.) 

*  '<  Contribations  to  the  Chemistry  of  Storage  Cells,"  Proc, 
Royal  Society,  toL  xlvi.,  1889,  p.  904. 
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LEGAL  MATTERS. 

In  this  issue  we  have  made  an  innovation  in  tech- 
nical literature  which  we  trust  will  be  favourably 
received.    Another  column  contains  what  may  well 
be  termed  counsers  opinion  upon  a  legal  question, 
for  the  case  has  been  submitted  to  a  legal  authority, 
with  a  request  to  give  the  state  of  the  law  on  the 
matter.    It  will  be  well  to  recall  the  whole  case. 
During  the  present  year  the  inspector  for  the  Wey- 
bridge  authorities  ordered  some  additional  lamps  to 
be  erected,  and  Messrs.  Laing,  Wharton,  and  Down, 
the  contiactors  for  the  supply,  required  facilities  for 
erecting  the  necessary  overhead  wires.     On  receiving 
the  order,  therefore,  they  naturally    proceeded    to 
obtain  what  they  deemed  the  requisite  authority, 
and  went  to  Mr.  Eldridge,  the  highway  surveyor, 
asking  leave  to  cut  certain  trees  that  interfered  with 
the  wires.    Mr.  Eldridge  therefore  wrote  a  letter  in 
which  he  said,  **  I  hereby  give  you  permission  to  cut 
the  trees  in  St.  George's-avenue  on  condition  that 
you  cut  no  more    than  is  absolutely  necessary." 
Upon  receiving   this — as  it  was  thought  sufficient 
auihority  —  the  work   proceeded,  the  boughs  were 
cut,  and  the  damage  done.    Mr.  Horace  Avory,  Q.C., 
to  whom  the  trees  belonged,  commenced  an  action 
which  resulted  in  the  defendants  ultimately  pleading 
guilty.      Mr.  Avory  pressed  for  a  heavy  penalty, 
but    the    magistrates    took  a  different    view    and 
considered  the  case  one  for  a  small  penalty.     To 
the  outsider  the  magistrates'  view  seems  the  just  one. 
Although  an  Englishman  is  supposed  to  know  the 
laws  that  govern  the  country,  it  may  be  presumed 
that  few  know  aught  of  them,  and  in  such  a  case 
would  rely  upon  the   surveyor  knowing  his  own 
powers.     Time  and  again  have  railway  authorities 
proceeded  against  travellers  for  infringing  by-laws 
which  they  are  supposed  to  know,  but  of  which  they 
are  profoundly  ignorant,  with  the  result  that  judges 
have  almost  always  been  favourably  disposed  to  the 
traveller. 

The  question  of  overhanging  trees  interfering  with 
wires  is  of  interest  to  telegraphists,  telephonists, 
transmitters  of  power,  as  well  as  to  suppliers  of 
electric  light,  and,  so  far  as  we  can  gather,  till  this 
case  arose  at  Weybridge,  no  authoritative  decision 
has  been  given  on  the  subject.  Upon  the  appear- 
ance of  our  note  some  time  since,  we  received  some 
correspondence  upon  the  subject,  suggesting  that  we 
should  be  doing  a  service  by  obtaining  legal  opinion. 
In  pursuance  of  the  suggestion  made  the  article 
above  referred  to  appears,  from  which  it  will  be 
gathered  that  unless  there  is  a  special  Act  in  force,  it 
is  illegal  to  meddle  with  trees  in  cases  similar  to  the 
one  under  discussion. 

In  the  majority  of  cases  wherein  legal  opinion  is 
sought,  a  newspaper  is  not  a  suitable  medium  for 
publicity ;  but  there  are  cases  of  a  very  wide-spread 
interest,  and  such  oases  we  shall  be  glad  to  receive 
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and  to  submit  to  counsel,  with  the  view  of  publish- 
ing the  opinion  given. 


THE  UNEFF  SYSTEM. 

A  good  deal  of  interest  and  some  correspondence 
has  been  caused  by  the  publicity  given  to  the  experi- 
mental line  of  Mr.  Lineff  at  the  depot  of  the  West 
Metropolitan  Tramway.  The  report  of  Mr.  Gisbert 
Eapp  dealing  with  the  system  concludes  with  the 
remark, "I  have  come  to  the  conclusion  that  the 
Lineff  closed  magnetic  channel  system  is  now  ripe 
for  practical  application."  This  report  deals  first 
with  the  general  description  of  the  system,  then 
points  out  that  the  car  can,  when  running  at  full 
speed,  be  stopped  within  a  distance  of  nine  feet,  and 
that  the  charged  region  of  the  insulated  rail  can  be 
restricted  to  about  nine  feet  on  each  side  of  the 
centre  of  the  car.  This  charged  part  is  wholly 
underneath  the  car,  indeed,  leaves  a  little  less  than 
two  feet  under  the  car  at  each  end  free,  so  that  all 
the  line  accessible  to  pedestrians  or  to  animals  is  un- 
charged and  cannot  give  a  shock.  He  finds  the 
collection  of  current  so  arranged  as  to  give  no 
sparking,  and  the  magnetic  picking-up  gear  perfectly 
reliable  both  on  a  straight  line  and  on  a  branch 
crossing.  With  regard  to  the  economy  of  the  system, 
he  comes  to  the  conclusion  that  the  "  total  amount 
of  steam  power  required  at  the  station  would,  with 
storage  cars,  be  about  double  that  required  by  the 
Lineff  system."  It  is  quite  evident  from  this  report 
that  Mr.  Kapp  knew  nothing  of  Mr.  Holroyd 
Smith's  claims.  Inventors  are  exceedingly  chary 
of  giving  information — Whence  they  frequently  lose 
credit  for  what  they  have  done.  Mr.  Eapp,  on  the 
qaestion  of  novelty,  says : 

"  With  regard  to  the  novelty  of  the  Lineff  mag- 
netic conductor,  I  may  add  that  although  magnetic 
action  has  been  used  before  by  several  inventors  for 
actuating  switches  which  establish  electrical  contact 
between  a  sealed  main  and  separated  lengths  of  sur- 
face rails,  yet  the  idea  of  a  continuous  magnetic 
conductor  forming  so  to  say  one  single  switch  for 
the  whole  line  is  entirely  novel  and  strikingly 
simple.  The  arrangement  of  magnetic  rails  on  the 
hit  and  miss  principle  is  also  entirely  new,  and 
secnres  a  great  economy  in  the  energy  necessary  to 
effect  the  attraction  of  the  continuous  magnetic  con- 
ductor. This  part  of  the  invention  especially  has 
been  worked  out  with  great  skill  and  care,  as  is 
amply  testified  by  the  good  results  obtained  under 
the  very  unfEivourable  conditions  imposed  by  the 
necessities  of  road  traffic  and  by  other  mechanical 
condderationB.  The  fiekct  of  having  one  set  of  mag- 
netic rails  only  exposed  on  the  surface,  each 
length  in  turn  becoming  of  north  and  south 
polarity,  is  novel,  and  will  greatly  help  the  adoption 
of  this  system  in  preference  to  those  where  two  sets 
of  exposed  rails  are  required  to  close  the  magnetic 


circuit.  The  arrangement  of  blind  rail,  which  per- 
forms the  same  office  as  if  it  were  on  the  surface  of 
the  road  and  under  the  direct  influence  of  the 
magnet  pole,  is  very  ingenious  and  effective." 

The  appendix  to  the  report  gives  the  figures  and 
experiments  upon  which  .  the  conclusions  are  based, 
but  this,  which  we  purpose  to  give  verbatim,  must 
be  left  to  another  issue. 


CORRESPONDENCE. 


FIRE  OFFICE  RULES. 
To  THE  Editor  of  The  Electrical  Engineer. 

SiR,-7-In  reply  to  Mr.  J.  B.  Verity's  letter  in  your  last 
issue  asking  what  is  to  be  done  to  meet  the  various  require- 
ments of  the  insurance  companies,  I  should  like  to  suggest 
that  the  best  way  to  avoid  trouble  is  to  carry  out  all 
installations  in  accordance  with  the  Phoanix  lire  Office 
rules,  which  are  so  well  known  and  understood. 

I  do  not  think  that  any  other  office  would  object  to  work 
if  carried  out  in  this  way,  as  it  is  well  known  that  the 
Phoenix  rules  are  the  most  complete  and  also  the  strictest 
Surely  they  cover  all  oth^r  rules,  though  the  latter  do  in 
many  cases  differ  inasmuch  as  they  are  more  lenient,  and 
often  do  not  ask  for  such  good  material  as  the  Phoonix,  but 
I  do  not  think*  an  inspector  would  object  on  this  score.  I 
always  carry  out  my  contracts  in  this  way  quite  rcgftrilsii 
whether  Mr.  Heaphy  will  inspect  the  work  or  anv  other 
surveyor,  and  have  never  experienced  any  difficulty  with 
the  other  offices. 

It  is  of  course  a  great  misfortune  that  there  is  not  a 
skindard  set  of  rules  for  contractors  to  work  to,  as  endless 
trouble  might  be  thus  saved.  I  think  the  rules  of  the 
Institution  of  Electrical  Engineers  would  have  to  be  con- 
siderablv  revised  before  they  could  be  accepted  as  a  stan- 
dard.—Yours,  etc.,  F.  Geere  Howard. 

18,  Berners-street,  W.,  20th  July,  1890. 


To  the  Editor  of  the  Electrical  Engineer, 

Sir, — May  I  point  out  to  Mr.  Verity,  through  the 
medium  of  your  columns,  that  the  remedy  he  suggests  for 
what  he  finds  to  be  a  great  hardship  is  not  likely  to  lessen 
his  troubles  but  rather  to  increase  them  by  the  introduction 
of  yet  another  authority,  who  has  the  sole  merit  of  being 
impersonal  and  correspondingly  vague. 

It  is  not  at  all  probable  that  the  fire  offices  will  forego 
their  right  to  frame  rules  and  do  their  best  to  enforce 
them,  as  it  is  proper  both  for  the  protection  of  their  own 
and  the  public  interests  they  should.  I  think  that  if  contrac- 
tors continue  to  carry  out  their  work  in  accordance  with 
the  Phoenix  rules  they  will  find  them  to  meet  all  the  re- 
quirements of  the  rules  of  the  other  offices.  At  least,  that 
is  mv  experience. 

of  course,  Mr.  Verity  shares  with  other  contractors  the 
desire  to  support  any  regulations  likely  to  act  as  a  check 
on  bad  work,  which  has  alwagrs  been  so  harmful  to  the  pro- 
gress of  electric  lighting,  and  which  the  above  rules  have 
done  so  much  to  prevent. — ^Yours,  etc., 

Thos.  0.  Beushaw. 

55,  Victoria-street,  S.W.,  July  24, 1890. 

THE  LINEFF  TRAMWAY  SYSTEM. 
To  the  Edftor  of  The  Electrical  Engineer. 

Sir, — ^I  do  not  wish  to  enter  into  a  prolonged  corres 
pondence  with  Mr.  Lineff,  but  as  he  has  formed  a  wrong 
conclusion  from  my  letter,  others  may  have  done  the  same ; 
let  me,  therefore,  be  more  explicit  I  used  the  flat  strip  in 
1886,  and  do  not  sanction  its  adoption  by  the  Lineff 
Syndicate. 

I  found  the  '*  snake  "  preferable  to  the  flat  strip ;  it  was 
not  a  failure.  My  articulated  _contact-maker  or  "  snake  " 
was  not  confined  to  a  spiral  wire,  but,  as  stated  in  my 
letter  of  the  7th,  it?  "  anatomy  was  of  varied  form." 
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My  teste  were  not  mere  models,  but  extended  to  full- 
sized  apparatus,  and  finally  resulted  in  a  line  three  times 
75  yaids  long,  on  which  ran  a  full-sized  car,  seating  32 
passengers. 

I  am  sorry  that  I  mistook  the  brushes  for  pins  in  the 
magnetic  collector ;  the  arrangement  shown,  however,  is 
just  as  bad  for  one  as  the  other.  My  error,  resulting  from 
an  imperfect  illustration,  ought  to  have  saved  him  from  his 
amusing  dissertation  on  AA,  BB. 

I  do  not  presume  to  question  Mr.  LinefiTs  claim  to  supe- 
rior knowledge,  seeing  that  he  has  confined  his  "six  months' 
painstaking  work"  to  the  flat  strip,  but  having  tried  both  I 
prefer  the  "snake"  to  the  "tape-worm,"  and  probablv  when 
Mr.  Lineff  has  completed  my  cycle  of  experiments  he  will 
come  to  the  same  conclusion  as  myself — ^viz.,  that  the  work 
can  be  better  accomplished  another  way. 

That  Mr.  Lineff  has  carefully  searched  my  "  numerous 
patents,"  and  also  those  of  several  others,  is  evident  from 
his  own  Blue-books,  and  hardly  needed  a  public  statement 
on  his  part  to  that  effect. 

Finally,  I  am  quite  prepared  to  contract  for  the  construc- 
tion of  tram  lines  on  the  magnetic  attraction  system. — 
Yours,  etc.,  M.  Holroyd  Smith. 

Royal  Insurance-buildings,  Grossley-street, 
Halifax,  July  19,  1890. 


THE  MEETING  OF  THE  INSTITUTION  AT 

EDINBURGH. 

(Condvded  from  pctge  65,) 

In  the  afternoon,  on  Tuesday,  the  party  visited  the 
telpher  line.  This  Une,  situated  to  one  side  of  the  main 
building,  and  erected  over  some  spare  land,  proved  to  be  a 
most  interesting  and  amusing  affair.  The  system,  of  course, 
as  is  well  known,  has  been  adapted  more  for  goods  than  for 
passenger  traffic.  Here  it  was  erected  for  passengers,  both 
to  give  them  the  experience  and  to  indicate  how  transfer  of 
goods  or  persons  can  be  arranged.  The  line  runs  alongside 
a  stand,  at  which  travellers  can  mount.  The  cars  are  like 
a  single  outside  'bus  seat,  face  to  face,  and  two,  or  some- 
times three,  of  such  sets  of  seats  are  in  each  car.  The  cars 
are  suspended,  and  swing  from  the  rails  above.  At  the 
ends  these  are  fixed,  but  for  the  main  portion  of  the  line 
they  run  m)  and  down,  being  steel  ropes  stretched  from  pole 
to  pole.  The  motor  itself  suso  hangs  suspended,  geared  by 
steel  chains  to  the  driving-wheel.  The  motor  revolves  with 
rather  a  rattling  noise,  owing  to  the  steel  gearing,  and 
slowly  creeps  around,  climbing  up  and  down  the  swa3dng 
lines  in  a  gruesome  kind  of  manner — a  cross  between  a  para- 
chute and  a  palanquin.  The  line  curves  up  and  down  and 
in  and  out,  and  rises  at  the  further  end  until  it  is  some 
30ft.  or  40ft.  high.  Here  the  thing  stopped,  we  imagined 
from  loss  of  connection,  and  passengers  began  to  wonder  how- 
ever they  should  get  down.  Tales  of  sundry  travellers 
having  had  ignominiously  to  climb  down  by  ladders  came 
into  our  nodnds,  when  it  started  a  moment,  stopped,  and 
started  a^in ;  the  switchman  had  us  at  his  mercy,  and  was 
showing  It  The  telpher  then  merrily  rattled  along  back 
again,  straining  at  its  load  like  a  Belgian  dog  at  its  carriage, 
and  drew  up  gently  at  the  platform  after  quite  an  exciting 
journey  through  mid  air. 

The  original  documents,  alluded  to  by  Dr.  Walmsley  in 
his  paper,  were  then  inspected.  These  went  to  prove  that 
the  original  idea  of  the  electric  telegraph  was  first  proposed 
by  Charles  Morrison,  of  Benfrew,  surgeon,  in  1753,  whose 
idea  of  25  wires,  one  for  each  letter,  to  electrify  little  pith 
balls  or  pieces  of  paper,  lettered,  was  shown  in  a  commemo- 
rative tablet ;  in  this  the  worthy  inventor's  head  is  shown 
in  back  view,  little  being  known  of  his  personality  save 
from  this  early  suggestion  for  communication  at  distances 
by  electricity.  The  ingenious  method  of  duplex  pneumatic 
tubes  was  next  seen  and  appreciated  mostly  by  the  mem- 
bers having  to  do  with  post  office  work.  Iii  this  an  electric 
arrangement  of  magnetic  catches  causes  the  pneumatic 
tubes  to  become  charged  automatically  from  the  Westing- 
house  pump  instantaneously  on  receipt  of  one  parcel,  so 
that  the  next  is  immediately  sucked  up  and  despatched 
without  loss  of  time  or  need  of  attention.    The  old  instaru- 


ments  of  the  Eastern  Telegraph  Company  were  inspected, 
and  messages  obtained  upon  the  second  original  Thomson 
syphon  recorder.  The  newest  applications  of  electric  sig- 
nalling, invented  and  introduced  by  Mr.  Spagnoletti  on  the 
Great  Western  Bailway,  were  explained  and  worked  by  the 
inventor. 

The  members  then  spent  the  rest  of  the  afternoon  in  in- 
specting the  fine  show  of  driving  machinery  and  electrical 
apparatus  down  the  main  part  of  the  Machinery  Hall — the 
Galloway  boilers,  magnificent  Robey  350  h.p.  twin  cylinder 
engines,  driving  a  really  splendid  show  of  Brush  dynamos 
and  apparatus,  used  for  lighting  the  exhibition  and  grounds. 
The  Brush  Company  have  also  a  fine  stand,  with  the  details 
of  a  75,000-watt  Mordey  alternator  in  pieces,  which  came  in 
for  a  good  deal  of  attention.  Of  the  large  shows,  the  Elec- 
tric Construction  Corporation  and  the  Edison-Swan  Com- 
pany also  hold  first  places.  In  the  first  a  full-sized  electric 
car  (the  car  by  the  Midland  Carriage  Works,  Shrewsbury), 
as  now  running  at  Birmingham,  stands  in  all  the  glory  of 
new  and  finished  workmanship ;  18,000- watt  dynamos  and 
laree  motors  are  there;  KP.S.  cells  were  of  course  enmdence^ 
and  a  complete  set  of  Sprague  car  gearing,  with  trolley, 
were  seen  as  used  in  America.  In  the  Edison-Swan  Com- 
pany's stand  a  striking  show  of  lamps  was  passed,  the  most 
noticeable  being  the  multiple  2,000-c.p.  100-volt  incan- 
descent lamps.  The  General  Electric  Traction  Company 
have  Immisch  motors,  here,  there,  and  everywhere,  all  over 
the  exhibition,  drilling  rocks,  running  fans,  setting  phono- 
graphs and  other  machines  in  motion,  besides  the  electric 
launches — a  favourite  and  much  patronised  practical 
achievement  The  India  Rubber  Company's  laige  Silver- 
town  dynamo,  driven  by  a  Globe  automatic  engine,  has  a 
solid  and  handsome  appearance. 

Of  the  Northern  firms,  several  were  noticed  as  specially 
fine  displays.  Messrs.  King,  Brown,  and  Co.,  working  with 
Messrs.  Brown  and  Co.  for  the  engines,  have  an  imposing 
exhibition  of  dynamos  and  electric  light.  The  firm  is  evi- 
dently in  the  front  of  electrical  engineering,  and  is  as 
capable  of  turning  out  large  and  well-finished  work  as  the 
large  London  firms.  Mr.  Eankin  Kennedy  and  Mr.  Wilson 
Hartnell  have  excellent  exhibits.  The  exhibit  of  Messrs. 
Napier,  Prentice,  and  Co.,  of  Stowmarket,  came  in  for  a 
good  deal  of  attention,  both  on  account  of  some  large  and 
fine  dynamos  and  a  special  balanced  high-speed  engine 
shown  by  them,  made  by  Easton  and  Anderson,  for  ship 
lighting. 

TheWoodside  Electric  Company's  "  Woodside"  engine, 
"Woodside"  dynamos,  and  "Woodside"  arc  and  super- 
incandescent  lamp  were  another  Northern  exhibit  of  great 
merit.  The  stand  of  Messrs.  Ernest  Scott  and  Co.,  of 
Newcastle  was  noticeable;  and  Paterson  and  Cooper; 
Laurence,  Paris,  and  Scott;  Bonald  and  Scott;  Priestman's 
oil  engines ;  Faraday's  fittings ;  Poole  and  White's  acces- 
sories ;  Latimer  Clark's  immense  search-liffht  and  stand  of 
instruments,  were  all  visited.  Others  we  nave  more  exten- 
sively dealt  with  elsewhere  were  viewed.  Without  doubt 
the  visitors  felt  and  expressed  their  feelings  that  the  elec- 
trical section  was  a  worthy  exhibition  of  electrical  progress 
— far  finer,  indeed,  than  they  had  been  led  to  expect. 

The  Conversazionk. 

In  the  evening  a  conversazione  was  held  by  the  executive 
council  of  the  exhibition  in  honour  of  the  visit  of  the 
electrical  engineers,  in  the  Grand  Hall.  There  was  a  large 
and  fashionable  assembly  of  some  400  or  500  people,  and 
among  those  present,  besides  the  electric  notabilities,  were 
Lord  Kingsbureh,  Sir  Thomas  Cliurk,  Prof.  Chrystal, 
Col.  Malcolm,  u.B.,  Dr.  Stevenson  Macadam,  F.  Ogilvie, 
Esq.  (president  of  the  Heriot^Watt  College),  Wallace 
Bruce,  Esq.  (American  consul),  and  many  other  Edinburgh 
city  bailies  and  officials. 

Sir  Thomas  Clark,  in  welcoming  the  members  of  the 
Institution,  said  this  was  the  largest  body  of  engineers 
which  had  ever  visited  any  city  out  of  London,  and  it  was 
to  the  honour  of  the  city  and  the  exhibition  that  they  were 
there  in  such  force. 

Lord  Kingsburgh  said  that  some  of  the  pleasantest  asso- 
ciations of  his  life  was  connected  with  the  electrical  engi- 
neers in  this  country  and  abroad,  extending  over  a  period 
of    15    or    16  years,  and  he  could  assure  his  co^frtree 
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that  they  would  find  a  firm  and  more  complete  selection  of 
ioteresting  appliances  than  eyei  they  had  found  before  in 
the  exhibition  where  they  were  met  As  citizens  of  Edin- 
burgh they  welcomed  the  members  of  the  Institution,  and 
thanked  them  for  one  thing  especially,  and  that  was  bring- 
lag  good  weather.  They  had  been  very  much  under  the 
damp  for  some  considerable  time,  which  was  a  state  of 
things  veij  much  against  the  success  of  electricity.  They 
bd  brought  a  dry  atmosphere,  which  was  the  main  thing 
in  the  cooducting  of  electricity.  He  trusted  they  would 
enjoy  their  yisit,  and  if  the  executive  could  do  anything 
to  contribute  to  their  comfort  they  would  do  so  most 
heartily. 

Mr.  A.  R  Bennett,  as  convener  of  the  Electric  and 
Lighting  Committee,  said  the  prosperity  which  the  elec- 
trical trades  had  experienced  during  the  past  two  or  three 
years  had  probably  prevented  the  exhibition  from  being  so 
complete  as  they  would  wished,  yet  he  still  could  say  that 
they  had  presented  in  Edinburgh  the  most  complete  and 
Iir]^est  exlubition  ever  held  in  Great  Britain. 

Dr.  Hopkinson  thanked  the  Executive  Council  for  the 
kindly  welcome  extended  to  them. 

Mr.  Preece  believed  there  was  no  exhibition  during  the 
^  10  years  purporting  to  be  electrical  which  he  haa  not 
visited,  bat  he  could  say  this — that  there  was  not  one 
which  he  or  any  member  of  the  Electrical  Institution  had 
visited  with  which  they  had  been  more  agreeably  sur- 
prised than  that  of  Edinburgh,  a  statement  which  was 
Udly  applauded. 

A  very  interesting  hour  or  two  was  then  spent  in  con- 
Tersations,  introductions,  and  the  comparing  of  notes,  while 
the  visitors  also  inspected  some  special  exhibits  which  were 
brooght  together  for  their  interest  The  Post  Office  sent 
an  exhibit  of  telegraph  instruments,  and  these  were  put 
into  communication  with  Aberdeen,  with  Arendel  (JSov- 
way),  and  with  Ghristiania.  Sir  Thomas  Clark  sent 
merges  to  the  King  of  Sweden  and  to  the  Postmaster- 
G^ceml,  as  follows : 

To  the  King  of  Sweden,  Stockhohn. 
Oo  the  occasion  of  the  visit  of  the  Institution  of  Electrical  Engi- 
i>««f9  to  the  Edinburgh  Exhibition,  direct  telegraphic  oommuni- 
QitioD  is  established  with  Hcandinavia.  On  behaB  of  the  executive 
(sancil,  I  offer  your  Majesty  very  respectful  salutation. — Sir 
Tbot.  Clnrk. 

To  Mr.  H.  C.  Raikes,  Fostmaster-Greneral,  London. 

On  the  occasion  of  the  visit  of  tbe  Institute  of  Electrical  Engi- 
&%rB,  on  behalf  of  the  executive  council  of  the  Edinburgh  Exhi- 
htion,  I  thank  you  sincerely  for  the  very  fine  exhibit  of  telegraphic 
if^ttntiu  contributed  by  the  Post  Office.— Sent  by  Sir  Thos. 
(Vk,  chairman  of  the  executive  council. 

An  enquiry  as  to  the  weather  and  time  in  Sweden  was 
received  at  "10.10,"  and  the  answer  "very  foggy  *' was 
returned  to  Edinburgh  at  9.20.  The  telephones,  by  the 
bndnesa  of  Mr.  Bennett,  were  connected  up  to  Galashiels, 
10  miles  away,  and  Dundee,  109  miles,  and  music  was 
transmitted  with  great  clearness  this  distance.  Sensitive 
flames,  shown  by  Mr.  W.  Hume,  showing  the  vibrations  at 
diferent  tones  afforded  much  interest ;  and  a  reflecting 
g^vanometer  of  special  design,  by  Dr.  Milne  Murray,  of 
tbe  Edinburgh  University,  were  so  arranged  as  to  show  the 
pbTsiological  current  from  the  body  by  taking  the  ends 
of  the  wires  in  the  fingers.  A  real  old  globe  frictional 
machine,  as  illustrated  by  Dr.  Priestley,  was  shown  by  Mr. 
Hagh  Auld.  Mr.  Bennett  had  some  most  interesting  pieces 
^>f  apparatus  which  he  terms  the  "  Radioscope,"  of  which 
be  will  let  us  know  more  later,  upon  the  principle  of 
IVjokes's  radiometers,  but  in  which  one  of  the  essential 
parts  of  the  latter — the  vacuum — was  absent.  The  little 
■>lackened  vanes,  when  covered  by  a  heated  tin  cylinder, 
revolved  in  air,  and  also  when  covered  by  a  core  cylinder 
^nd  a  Ump  was  placed  near,  other  forms  being  large  cup- 
shaped  pieces  of  thin  tissue  paper,  which  were  kept  in  rota- 
tion by  heat  radiation.  In  the  phonograph-room,  Edison's 
pbonograph  was  hard  at  work  singmg,  whistling,  talking, 
^th  more  or  leas  emphasis  and  distinctness,  and  the  com- 
mercial uses  of  it  were  attempted  to  be  illustrated  by  opera- 
tors setting  type  and  type-writing  from  its  dictation.  The 
type  setter  was  driven  by  a  little  Immisch  motor.  During 
tbe  evening  some  boy  bagpipers  displayed  their  talents  to 
the  awestnick  and  admiring  Southrons.  A  very  enjoyable 
evening  was  spent,  and  the  Edinbiurgh  executive  and  the 


members  of  the  Institution  had  a  most  agreeable  oppor- 
tunity of  becoming  well  acquainted  with  each  other. 

Wednesday's  Proceedings. 

The  second  day  was  opened  at  10.30  in  the  morning  by 
the  reading  of  the  paper  by  Prof.  Ayrton  and  Messrs.  C. 
G.  Lamb,  E.  W.  Smith,  and  M.  W.  Woods,  of  the  Central 
Institution,  on  <^The  Working  Efficiency  of  Secondary 
Cells."  This  paper,  which  may  not  unjustly  be  said  to  be 
an  e|)Och-making  paper  in  accumulator  work,  was  listened 
to  with  the  keenest  interest,  and  was  a  worthy  paper  for  an 
important  meeting  of  the  Institution,  held  400  miles  away, 
at  Edinburgh.  Prof.  Ayrton  unfortunately  was  unable  to 
be  present,  and  the  paper  was  read,  or  rather  fully  ab- 
stracted, and  each  of  its  points  dwelt  upon  in  a  very  clear 
and  able  manner  by  Mr.  Lamb.  The  paper  itself  we  are 
giving  elsewhere  in  full,  and  it  will  well  repay  the  closest 
attention  of  those  readers  who  were  not  fortunate  enough 
to  be  present.  Those,  indeed,  who  did  hear  it  read,  will 
require  time  and  consideration  to  fully  digest  what  is  the 
result  of  over  a  year  and  a  half  of  very  close  and  careful 
experiment  and  observation. 

The  main  outcome  of  the  paper  is  this:  that  the 
efficiency  of  the  storage  cell  has  by  the  public  and  the  elec- 
trical profession  been  much  underrated;  that  80, 82,  or  even 
84  per  cent,  return  in  energy  efficiency  are  not  too  much  to 
expect;  that  tests  made  upon  storage  cells  without  knowing 
their  previous  history  are  fallacious — to  obtain  correct 
results  the  authors  ran  the  cells  for  some  weeks  till  the 
charge  and  discharge  curves  time  after  time  were  coinci- 
dent before  taking  their  observations;  that  the  loss  of 
energy  in  the  storage  cell  can  be  greatly  traced  to  the  loss 
due  to  the  actual  nse  of  temperature  in  charge  and  dis- 
charge, and  the  consequent  loss  of  heat  by  convection  and 
radiation — means  to  lessen  this,  of  course,  would  increase 
the  efficiency ;  that  this  increase  of  temperature  takes  place 
in  two  distinct  ways,  indicating  two  chemical  actions,  and 
that  light  may  be  thrown  on  the  chemical  action  of  storage 
cells  thereby ;  that  these  careful  observations  will  enable 
us  to  obtain  the  life  history  of  the  storage  cell  from  its  first 
formation  to  its  death ;  and  that  the  analysis  of  the  plates 
taken  out  and  broken  up  at  times  of  various  charge  and 
discharge,  now  being  undertaken  by  the  authors  as  the  sub- 
ject of  a  further  paper,  will  lend  us  valuable  aid  in  deter- 
mining the  exact  chemical  action  which  takes  place. 

The  historical  records  of  tests  of  secondary  cells  pre- 
viously undertaken  was  first  given.  The  description  of  a 
most  ingenious  arrangement  of  resistance,  shunts,  motors, 
and  contacts,  etc.,  for  the  absolutely  automatic  charge  at 
constant  current,  and  discharge  at  constant  cun*ent  imme- 
diately changing  over  when  full  charge  is  obtained,  received 
the  heartiest  applause  of  the  meeting  for  the  care  and  skill 
with  which  these  had  been  devised  and  arranged. 

In  the  discussion  which  ensued  members  were  evidently 
unwilling  to  enter  into  much  discussion  of  a  paper  which 
really  required  careful  thought  and  digestion.  Mr.  Preece 
thanked  the  authors  for  the  paper,  and  Prof.  Perry  said 
that  all  he  could  say  would  be  old  notions  criticising  the 
new  ones.  He  thought  it  would  marvellously  clear  our 
notions  of  the  storage  cell.  He  had  himself  in  early  days 
blindly  tested  a  charged  storage  cell  from  the  maker,  and 
soon  found  the  energy  given  out  bore  little  relation  to  that 
he  put  in  for  a  first  charge — he  need  hardly  say  he  had  not 
published  the  results.  Se  expressed  great  admiration  for 
the  ingenuity  used  in  the  construction  of  the  apparatus 
undertaken  for  the  good  of  the  profession,  and  from  which 
the  designers  could  expect  no  commercial  return.  His  only 
objection  to  the  paper  was  that  no  distinction  had  been  made 
between  back  E.M.F.  and  resistance :  it  was  a  thing  that 
still  remained  to  clear  up.  Mr.  Kapp  said  he  felt  the  im- 
possibility of  adequately  discussing  a  paper  which  had 
taken  one  and  a  half  year's  study,  and  proposed  the  dis- 
cussion should  be  carried  over  till  the  London  meeting. 
Lord  Bury  spoke  as  to  the  practical  results  from  storage 
cells,  and  considered  they  could  be  relied  upon  to  a  far 
greater  extent  than  outside  persons  were  disposed  to 
believe.  Mr.  Barber-Starkey  gave  some  particulars  as  to 
the  devising  of  his  idea  of  plaster  of  Paris  and  sa«rdust 
between  the  plates  of  the  accumulators  to  keep  the  plugs 
from  falling  out.    He  said  that  two  and  a  half  parts  of 
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fine  sawdust  to  one  of  plaster  of  Paris  was  the  proportion 
he  had  used  on  his  own  cells.  Mr.  Frazer  spoke  upon  the 
diminution  of  internal  resistance  when  accumulators  were 
discharged  quickly,  and  gave  it  as  the  result  of  his  ex- 
perience that  the  internal  reaistance  of  a  storage  cell  was 
not  constant,  but  decreased  in  inverse  proportion  to  the 
discharge.  Mr.  Preece  reminded  Mr.  Frazer  that  he  had 
already  pointed  this  out  in  a  paper  read  in  1884.  Mr. 
Frazer  also  suggested  that  experiments  should  be  made 
not  with  one  or  two  but  with  several  hundred  cells,  as 
they  varied  much  among  themselves.  He  himself  had 
tested  2,400  cells  within  the  last  year.  With  regard  to  the 
plaster  of  Paris,  he  had  tested  this  practically  at  Barking. 
He  had  first  tried  four  cells  with  a  mixture  of 
two  of  plaster  and  one  of  fine  sawdust.  Care  was 
necessary  to  get  the  proper  distribution  of  sawdust. 
He  had  found  that  the  increase  in  internal  resistance  was 
small — 5  or  6  per  cent.  In  weight  it  was  smaller  still,  the 
cell  of  1041b.  weighing  afterwards  with  almost  the  same 
quantity  of  liquid  only  1081b.  He  had  then  prepared  a 
battery  of  96  cells,  and  these  had  been  in  use  for  three 
months.  The  only  fault  was  the  loss  due  to  increase  of 
resistance,  which  in  time,  reckoned  in  current  expended, 
became  considerable.  The  difficulty  in  charging  was  also 
a  trouble,  as  the  plastered  set  required  more  electrical 
pressure  to  charge  than  the  others,  and  it  was  not  likely  a 
resistance  would  be  inserted  in  the  other  11  sets  to  equalise 
the  charge.  M.  Hospitalier  then  described  an  ingenious 
method  of  obtaining  the  value  of  £  -  V  directly,  devised 
by  M.  Roux,  by  moans  of  condensers  and  a  ballistic  galva- 
nometer. Mr.  H.  Swan  suggested  that  as  one  of  the  chief 
present  uses  of  accumulators  was  for  traction,  the  tests  for 
cells  for  this  purpose  should  be  made  with  the  necessary 
conditions  reproduced  by  vibrating  stands,  as  the  efficiency, 
be  it  ever  so  high  when  still,  would  necessarily  be  low  if 
the  plugs  fell  out  in  actual  working,  as  it  was  understood 
they  did  on  the  present  cars.  He  alluded  to  the  greater 
strength  of  the  Keckenzaun  plates,  sets  of  which  had  been 
working  for  over  f uur  years  on  tramway  work  and  the  plates 
of  which  could  be  freely  knocked  about  without  damage. 
Mr.  Preece  considered  that  the  authors  of  the  paper  would 
have  done  a  great  thing  when  they  had  induced  electrical 
engineers  to  believe  that  the  secondary  cell  was  not  such 
an  inefficient  machine  as  they  had  been  used  to  imagine. 
He  believed  when  this  was  acknowledged  it  would  be  seen 
that  a  very  largo  field  was  open  to  them  in  the  field  of 
secondary  generators  for  distribution.  He  alluded  to  the 
exploded  idea  that  because  the  charge  was  made  at  2*4  or 
2'5  volts  and  the  discharge  2  to  2*1  volts,  therefore  there 
necessarily  was  a  loss  of  26  per  cent.  The  energy  is  the 
product  of  current  and  pressure,  and  the  very  fact  that  the 
makers  state  the  cells  are  to  be  charged  at  three  amperes  per 
square  inch  and  discharged  at  four  amperes,  might  indicate 
that  the  idea  was  absurd.  There  was  a  certain  loss  of  energy, 
and  one  source  of  this  loss,  the  authors  point  out,  was  the 
loss  of  heat  due  to  rise  of  temperature.  It  was  satis- 
factory to  find  that  high  science  and  actual  practice  coin- 
cided ;  from  practical  reasons  he  had  arrived  at  the  conclu- 
sion that  it  was  not  good  to  discharge  below  1*8  volt.  His 
gardener  took  the  greatest  care  of  the  cells,  treated  them 
uke  a  child  not  to  overfeed  or  starve  them,  and  he  had 
cells  in  his  house,  in  perfect  bright  condition,  which  had 
lasted  six  years.  Mr.  Massey,  however,  asked  if  they  were 
the  same  cells.  Mr.  Preece  said  no.  But  those  ho  first  had 
were  now  at  the  Post  Office.  He  had  tried  every  kind,  and 
liked  to  have  the  latest  at  his  house  to  test.  Early  speci- 
mens of  Faure  and  Elwell-Parker  cells,  all  kinds  of 
E.P.S.  he  had  tried  in  every  new  type,  and  he  would  take 
out  his  present  cells  and  try  others  if  anyone  had  a  better 
kind  to  show  him.  One  test  he  never  omitted,  and  this 
was  to  take  the  density  by  hydrometer.  With  reference 
to  Mr.  Barber-Starkey's  experiments,  he  had  tried  the 
carbonate  for  over  two  years,  and  now  uses  the  electrolyte 
for  23L  cells  of  the  foUoiving  proportions,  out  of  45  parts : 
39  parts  of  water,  5  parts  sulphuric  acid,  1  part  saturated 
solution  of  carbonate  of  soda.  Cells  so  treated  never  show 
sign  of  sulphating,  and  remain  perfectly  bright.  He  alluded 
to  the  method  of  charging  introduced  by  Mr.  Edmunds, 
in  which  celk  were  charged  for  a  few  minutes  in 
rotation    automatically,    and    said    he    thought    some 


automatic  system  of  this  kind  would  be  the  on 
eventually  used  in  practice.  The  greatest  loss  of  energy  ii 
charging  secondary  cells  was  the  loss  due  to  certain  cells  i 
a  set  becoming  charged  before  others,  and  allowing  tl^ 
energy  to  dissipate  uselessly.  The  loss  was  not  so  much  i 
the  Tow  efficiency  of  the  cells,  but  in  the  waste  of  tl] 
charging  current.  Mr.  E.  W.  Smith  replied  to  the  discu] 
sion,  and  a  hearty  vote  of  thanks  to  the  joint  authors  tei 
minated  the  morning's  proceedings. 

The  whole  party  then,  after  lunch,  went  in  a  specif 
train  to  the  Forth  loridge,  and  inspected  with  a  vast  intere^ 
this  stupendous  undertaking.  The  walk  across  among  tl^ 
immense  tubes  and  girders  took  about  half  an  hour,  and  th 
impression  of  immensity  was  deepened  when  the  steame 
took  them  round  about,  in  and  out,  under  the  huge  cantj 
levers,  giving  the  visitors  a  lasting  impression  of  thj 
wonder  of  the  North.  j 

The  third  day's  paper  was  on  "  On  Some  Remarkab] 
Phenomena  Observeld  whilst  Experimenting  with  Electriciti 
applied  to  Crookes's  Radiometer,"  by  Mr.  A.  R.  Bennetj 
dealing  with  the  apparatus  to  which  allusion  has  alreadi 
been  made.  In  the  afternoon  an  excursion  was  arrangd 
by  the  executive  council  for  the  members  in  the  electrij 
launches  on  the  Union  Canal,  which  joins  Edinburgh  an( 
Glasgow,  the  scenery  of  which  is  very  beautiful,  and  alonj 
the  route  of  which  are  many  places  of  much  interest. 

Great  praise  must  be  given  to  the  executive  for  th 
hearty  reception  and  admirable  arrangements  for  the  com 
fort  and  interest  of  their  guests,  and  it  may  be  mentione<| 
that  several  gentlemen  of  the  executive  council  ente£ 
tained  members  of  the  Institution  in  the  most  cordiaj 
manner  at  their  own  private  residences.  The  excursion  U 
Edinburgh  will  long  be  remembered  as  constituting  a  mos| 
pleasant  and  most  interesting  meeting  of  the  Institution  o| 
Electrical  Engineers. 


OBSTRUCTION  BT  TREES  TO  OVERHEAD  ELECTRIJ 

WIRES. 


A  recent  case  has  directed  attention  to  the  very  imporj 
tant  question — how  far  companies,  in  carrying  electric  wire^ 
along  public  roads,  are  justified  in  lopping  trees  whichj 
whether  growing  upon  or  overhanging  the  highway,  inter| 
fere  with  such  wires  ? 

We  will  first  consider  the  rights  of  the  public  witl 
regard  to  such  trees,  and  then  see  in  what  respects  compa] 
nies  engaged  in  undertakings  of  the  kind  specified  occupy^ 
peculiar  position. 

It  has  been  settled  law  from  a  very  early  period  that  th^ 
soil  of  the  road,  as  far  as  the  centre,  belongs  pritnd  fade,  id 
the  adjoining  landowners,  and  this  ownership  carries  with 
it  the  right  to  everything  growing  upon  and  lying  beneatlj 
the  road — e,g.,  trees  and  minerals.  The  public  have  merelj 
a  right  to  pass  along  the  surface.  If,  therefore,  any  person 
interferes  with  such  trees  he  does  an  injury  to  the  adjoini 
ing  owner,  for  which  he  may  be  proceeded  against  at  Iaw^ 
But  though  this  is  undoubtedly  so,  yet  there  arc 
certain  restrictions  upon  this  ownership.  For  instance,  il 
the  trees,  whether  growing  upon  or  overhanging  the 
road,  amount  to  a  public  nuisance,  the  owner  ma} 
be  called  upon  to  remove  or  lop  them,  and,  if  he  neglects  to 
do  so,  any  person  aggrieved  may  remove  the  obstructioo 
with  impunity.  Under  the  Highway  Act,  1835,  the  roao 
surveyor  can  compel  the  removaJ  of  trees  growing  ufion  a 
public  carriageway  or  cartway,  or  within  15ft.  of  the  centi^ 
thereof,  and  the  owner  must  clear  them  within  21  day^ 
after  notice  from  the  surveyor  under  a  penalty  of  10s.  foi 
each  offence.  But  the  trees  cannot  be  sold  as  against  th^ 
owner ;  above  rights  are  to  this  extent  preserved,  whil^ 
there  are  certain  months  in  the  year  during  which  theil 
removal  cannot  be  insisted  upon.  Again,  under  the  samO 
Act,  in  the  case  of  trees  growing  in  private  grounds  but 
overhanging  the  road,  the  surveyor  may  require  the  ownot 
to  lop  them  if  in  the  surveyor's  opinion  such  trees  by  theii^ 
shade  or  by  withholding  the  access  of  sun  and  wind  injure 
the  road.  But  in  this  case  the  owner  cannot  be  compelled 
to  lop  such  trees  if  they  are  planted  "  for  ornament  or 
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^Jter  to  any  hop  ground,  house,  building,  or  courtyard  of 
Be  bouM." 

Snch  being  the  position  of  the  public  with  regard  to  the 
ftntn  of  the  trees,  what  are  the  rights  of  companies  en- 
ted  in  the  construction  of  telephonic  or  electric  lighting 
parh  I    We  would  first  point  out  that,  in  the  absence  of 
HIT  Special  statutory  powers,  such  companies  have  only  the 
inary  rights  of  the  public.    For  instance,  in  the  recent 
almdy  referred  to,  we  understand  that  the  company 
electric  lighting  one)  were  only  working  under  a  license 
^  m  the  lo<^  authorities,  and,  consequently,  could  claim 
w  exemption  from  their  common  law  liability  for  any 
teagedone  by  them.    But,  generally,  telephone  and  elec- 
trff  lighting  companies  work  under  special  Acts  of  Parlia- 
nent,  which,  so    far   as   they  go,  render  their  position 
efferent  from  that  of  ordinary  members  of  the  public. 
Armed  with  an  Act  of  Parliament,  these  companies  are, 
ind  pmperly  so,  statutory  monopolists,  havingalone  the  right 
to  any  out  certain  specified  works,  and  being  protected  in 
doing  what  any  ordinary  individual  could  not  do  without 
lijhility  to  legal  proceedings.     In  the  construction  of  their 
forks  they  must  necessarily  interfere  with,  and  sometimes 
injurioasly  affect,  private  property.     The  special  Acts  con- 
template and  provide  for  these  contingencies.    But  the 
fiompanies  are  strictly  enjoined  thereby  to  do  as  little 
(Umage  as  possible,  and  to  make  proper  compensation  to 
li!  persons  damnified.    The  companies  may  do  whatever 
<iimage  is  unavoidable  in  the  construction  of  works  an- 
'borised  by  their  special  Acts,  provided  they  adhere  strictly 
to  the  lines  laid  down  therein.     But  if  they  step  beyond 
\hm  they  are  no  longer  protected,  but  are  in  the  same 
position  as  other  members  of  the  public,  and  liable,  accord- 
in^Ij,  for  any  extra  damage,  whether  accidental  or  not. 
So  long  as  they  keep  to  the  authorised  works,  and  to  the 
pr^cribed  mode  of  carrying  them  out,  they  are  protected 
n  the  manner  indicated.     If,  for  instance,  an  electric 
hghtiog  company,  in  carrying  their  wires  along  a  public 
K«d  within  the  limits  allowed  by  their  statutory  powers, 
find  it  impossible  at  any  particular  point  to  avoia  trees, 
either  growing  upon  or  overhanging  the  road,  they  are 
ju^hed  in  lopping  them  as  far  as  may  be  necessary.     But 
thtfy  must  not  lop  more  than  is  absolutely  necessary,  and 
suit  compensate  the  owners  for  the  actual  damage  they 
oaj  cause. 

It  is  obvious  that  in  disputes  arising  out  of  transactions 
o{  this  nature  it  will  always  be  a  question  of  fact  whether 
ihe  lopping  was  excessive  or  not ;  this  is  unavoidable.  But 
^t  disputes  themselves  may  be  greatly  diminished  if,  on 
the  one  hand,  the  companies  are  careful  to  keep  within 
(lieir  statutory  limits,  and,  on  the  other,  if  private  owners 
iniSBerting  their  rights  do  not  capriciously  throw  obstacles 
to  the  way  of  public  improvements,  the  benefits  of  which 
they  share. 


son  CHIEF  FEATURES,  MAINLT  ELECTRICAL, 
OF  THE  EDINBURGH  INTERNATIONAL  EXHIBI- 
TIOH,  I890,» 

by  db.  walmslky. 

Introduction. 

^^^  reqaestfld  by  the  Electrical  Committee  of  the  Executive 
•^actl  to  read  a  paper  on  the  chief  features  of  the  exhibition  at 
I  meoiing  of  the  Listitution  of  Electrical  Engineers,  my  first 
n^  vas  that  such  a  paper  was  onneoessarv,  as  the  members  of 
^  laatitotioD  are,  as  a  b<xly,  thoroughly  weU  posted  up  in  such 
'the  latest  devdopments  and  applications  of  tneir  science  as  are 
>«aUY  to  be  foundTin  the  courts  of  an  exhibition.  Then,  again, 
^utemU  since  the  last  exhibition  in  this  city,  in  1886,  is  so 
^•,  and  has,  moreoyer,  been  so  well  filled  by  several  excellent 
xnibitioDs,  both  in  Great  Britain  and  on  the  Continent,  including 
«t  magnificent  display  at  Paris  last  year,  that  it  seemed  to  me 
Ut  it  woald  be  impossible  to  find  sufficient  material  to  form  the 
^bttuce  of  a  paper  worthy  of  the  traditions  of  the  Institution. 
hiht  other  hami,  since  the  Institution  has  done  us  the  honour  of 
>(4<Jm9  an  extraordinary  general  meeting  400  miles  from  its  base 
<  ^{Antioat,  it  is  only  courteous  that  we  should,  however  inade* 
!'^«ly.  flnve  them  some  outline  of  what  they  have  come  so  far  to 
tt.  And,  moreover,  when  I  beffan  to  look  into  details  I  dis* 
*>^ttrd  lome  thingB  which  I  thougnt  were  worthy  of  being  brought 
>>er  the  notice  ofthe  Institution.  Whether  I  was  right  in  so  think- 
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ing,  or  whether  I  have  used  a  wise  discrimination  in  my  selection,  I 
must  leave  my  hearers  to  judge.  In  the  following  remarks  I  have 
purposely  dwelt,  from  time  to  time,  on  the  productions  of  exhibitors 
nailwg  from  the  North  with  more  detail  than  I  have  devoted  to 
their  more  Southern  competitors.  This  I  have  done,  not  because 
I  wished  to  make  invidious  comparisons,  but  because  I  thought 
such  productions  would  probably  be  less  familiar  to  our  visitors. 
It  is  matter  of  common  knowledge  that  some  of  the  best-known 
Southern  firms  are  not  exhibiting,  and  this  remark  will  explain  the 
omission  of  idl  reference  to  some  well-known  electrical  machines 
and  apparatus.  Though  much  to  be  regretted  in  the  interests  of 
our  immediate  neighTOurs  and  friends,  this  will  not  cause  our 
Southern  visitors  much  disappointment,  as  the  absent  apparatus 
is  well  known  to  them. 

For  convenience  of  reference  I  have  divided  my  remarks  under 
several  distinctive  heads,  and  without  further  preface  shall  pro* 
ceed  to  consider  these. 

HiBTOKIOAL. 

The  exhibition  is  particularly  rich  in  interesting  historical 
exhibits.  The  Railway  Court  would  of  itself  be  worthy  of  a  fairly 
long  journey  to  anyone  who  is  open  to  the  stimulating  effect  of 
comparing  the  splendid  machines  and  equipments  placed  at  the 
disposal  of  the  travellers  of  to-day  with  the  humble  bcq^nings^ 
^  not  yet  a  century  old,  with  which  the  young  giant  steam  tenta- 
tively put  forward  his  claims  to  serve  tnem.  But  passing  by  this 
inviting  subject  the  electrical  antiquary  will  find  much  to  occupy 
his  thoughts.  First  and  foremost  there  is  exhibited  dose  to  the 
Post  Office  stall  in  the  Machinery  Hall  the  most  im{x>rtant  jpart  of 
the  documentary  evidence  on  which  rests  the  claim  of  Charles 
Morrison,  of  Greenock,  to  be  the  inventor  of  the  electric  telegraph. 
This  consists  of  a  copy  of  the  8cot*»  Mckgatine,  of  February  1, 1753, 
laid  open  at  the  pi^e  containing  a  letter  signed  '<C.  M.,"  ia 
which  it  is  propoeea  to  correspond  between  distant  places  by 
means  of  electricity.  As  is  well  known,  the  method  suggested 
was  that  there  should  be  a  separate  wire  for  each  letter,  ana  that 
pieces  of  paper  or  other  light  material  bearing  the  actual  characters 
should  be  caused  to  rise  at  either  end  of  the  wire  by  the  attraction 
of  electrified  balls. 

The  originals  of  the  letters  which  led  Sir  David  Brewster  to 
identify  Charles  Morrison,  of  Greenock,  as  the  "C.  M."ol  the 
Scoi^a  Magazine  are  shown,  and  underneath  is  a  photograph  of  a 
relief,  modelled  by  Mr.  Alexander  Maomillan,  a  youne  student  of 
Greenock.  The  relief  itself,  which  is  in  the  Watt  Monument  at 
Greenock,  is  about  2ft.  square,  and  is  an  attempt  to  reproduce  the 
actual  conditions  of  Charles  Morrison's  experiment.  For  this 
purpose  the  artist  visited  Renfrew  and  also  consulted  the  plates  in 
contemporary  works  on  electricity. 

Close  to,  another  memorial  of  telegraphic  history  is  exhibited, 
consisting  of  a  symbolically  carved  frame,  enclosing  part  of  a  copy 
of  the  JourticU  of  the  Asiatic  Society  of  Bengal  for  September, 
1839.  The  pages  exposed  contain  a  paper  by  &  Wm.  O  Shaugh- 
nessy  Brooke,  deecrioing  experiments  on  a  telegraph  line  21  mSes 
long,  including  7}000ft.  of  nver  length.  These  are  believed  to  be 
the  first  successful  experiments  on  a  line  of  that  length.  The 
receiving  instruments  used  were  sometimes  galvanometers,  some- 
times induction  coils,  and  it  is  curious  to  notice  that  the  writer 
expresses  a  very  strong  preference  for  the  physiological  effect  ol 
the  current  as  being  tne  nest  adapted  for  the  purpose  of  receiving 
messages. 

On  the  Post  Office  stall  itself  there  will  be  found  many  illustra- 
tions  of  the  social  effects  due  to  cheap  postage,  wliich  will  be 
worthy  of  the  attention  of  those  who  have  not  had  the  oppMOrtonity 
of  seeing  the  recent  fine  exhibitions  in  London  in  connection  with 
the  Jubilee  of  the  Penny  Post.  Turning  to  the  electrical  exhibits, 
a  fairly  continuous  series  of  historical  signalling  instruments  is 
shown,  with  old  types  of  insulators  and  methods  of  jointing.  An 
inspection  of  the  resistance  coils  used  by  Wheatstone  m  18% 
should  cause  our  younger  '*  practical "  electricians  to  reflect  upon 
the  debt  they  owe  to  the  British  Association  Committee,  and  to 
the  labours  of  pure  scientists  which  have  resulted  in  givhig  us  a 
definite  standara  of  reeistance. 

Perhaps  the  most  interesting  "historical"  telegraphic  instrument 
is,  however,  on  the  stand  of  the  Eastern  T^grapjh  Company. 
This  is  one  of  the  original  syphon  recorders,  whose  invention  by 
Sir  William  Thomson  has  done  so  much  to  make  cable  telegraphy 
a  commercial  success.  The  instrument  shown  is  marked  "No.  2," 
and  is,  therefore,  presumably  the  seoond  instrument  manufactured. 
After  20  years'  service  it  was  invalided  home  to  be  laid  on  Uie 
shelf,  as  it  was  decided  that  it  was  not  worth  the  cost  of  putting  it 
in  working  order.  Mr.  Zobel,  who  is  in  charge  of  the  exhibit  of 
the  company,  has,  however,  by  dint  of  |nreat  patience  and  perse- 
verance, set  the  cripple  on  its  legs  agam,  and  c[uite  legible  mes- 
sages  can  now  be  received  on  it.  Of  its  hneal  descendant, 
"  Ko.  300,"  which  is  on  the  same  table,  I  shall  have  something 
more  to  say  presently. 

Another  most  interesting  historical  exhibit  il  shown  inside  the 
north  corner  of  the  screen  surrounding  the  lighting  dynamos  in 
the  Machinery  Hall.  It  is  the  first  magneto-electric  machine 
actually  used  for  electroplating.  This  machine,  which  some  of  my 
hearers  may  have  previously  seen  at  the  Birmingham  Exhibition, 
was  built  in  1844,  having  been  patented  two  years  earlier  by 
I.  S.  Woolrich,  of  Birmingham.  There  are  eight  armature  coils, 
with  iron  cores,  rotating  between  the  poles  of  four  horseshoe  per- 
manent magnets.  The  coils  are  coupled  in  pairs  by  a  plate  on  one 
side  of  the  machine,  and  the  other  ends  are  brought  to  the  sections 
of  an  eight>part  commutator,  from  which  the  current  is  led  off  by 
brushes.    Solid  adjustable  bars  of  iron  are  used  to  connect  the 

Soles  of  the  magnet  for  the  purpose  of  regulating  the  E.M.F. 
Qveloped  by  more  or  less  short-cir^uitin^  tto  magnetic  flux. 
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required  to  «xolta  tho  flold-ma((iiatia  U  660  watts.       The    T71 
tmufomier  used  with  the  above  is  ftlao  exhibited.     The  core  eo 
cbu  of  a  alDglo  doeed  magnetic  circnit,  Kod  tlie  primary  coila 
occupy  abont  three  timea  the  ipaca  of  tho  leoondair.     The  hues 
ut  tin  and  lead  reapeotiTely  on  porodain  basei,  end  the  whole  Ib 
encloMd  in  a  oaat-iron  box  as  ie  now  oeoeasary. 

The  aune  fiim  Alao  nipplv  a  oontinuoos  current  to  200  ordinary 
lA^p.  lamps,  iuolndiog  all  the  lampa  in  the  Railway  Court  and 
glto  lamp*  OB  TarioQi  exbibitore'  ibUla  in  the  Maobinery  Coart. 
The  dynamo  nsed  is  a  15-kilotratt  oompoand  foar-polo  maohi 
Tba  yokes  of  the  field-maenats,  which  carry  the  oicitinK  coili, 
plteed  at  an  angle  of  iBdw.  to  tbe  rertioal,  and  the  polS'pieoes 
Dceapy  the  ands  of  a  vertioaland  horizontal  diameter.  These  pole- 
pieces  embrace  the  armature  core  to  Its  full  depth.  The  advan- 
tiga  "'»'■"—*  for  thia  demgn  is  that  by  remonnft  fonr  bolts  the 
top  half  of  tho  field-magneto  may  be  readily  lifted  off,  and  the 
uTUtoie  either  teken  ont  or  examined  and  repaired  in  nts.  The 
fiuOi  thus  made  in  tlie  mafnetio  circuit  is  along  the  lines  of  flow, 
uid  ie  thenefora  not  objectionable  magnetii»lly.  The  annatnre  ii 
£  lell-bailt  Qmmrne  ring  with  a  careially  designed  oommatator, 
uid  is  well  ventilated,  as  In  many  fonr-pole  machines  only  two 
bcuhea  are  naed. 

Tbe  Woodaide   Electric  Company  exhibit  some  well-bnUt  D 


r  dynamos,  and  some  high  candle-power  glow  lamps.  Amongst 
lall«r  them  ia  a  3U0  nominal  candle-power  lamp  requiring  10 
tmperes  at  65  volts,  and  a  600  nominal  candle-power  lamp  which 


uiw  10  amperes  at  100  volts ;  both 
NKiboun. 

The  Electric  Construction  Corporation  exhibit  the  varioDi  in. 
geniaoa  &iitomatio  apt^ianoes  used  in  their  Chelsea  stations  in 
conoeclion  with  their  direct-oarrent  accumulator  snpply  syBtem, 
Tttne  have  been  recently  described  vary  fully  in  tho  columns  of 


tbe  technical  press,  bnt  some  of  my  hearers  may  be  glad  of  the 

opportiinity  of^inapecting  bha  af '--  -'— " 

Tba  Brush  Eleotrical   Eneini 


1.  albtnwtoF  diaaected,  and  Messrs.  1 


a  iuleresling  alternating -cum 


A  neatly  deaiKned  dynamo,  with  a  large  commutator,  ia  shown 
bf  Msasn.  Wibon  Hartoell  and  Ca,  who  also  exhibit  a  neat 
(vitchboaid  with  dooble-pole  and  single-pole  switches  and  cut- 

Oibsr  well-known  firms  hailing  from  fnrther  south  exhibit  their 
nriooa  jHwlnetioBS  with  whioo,  however,  I  think  my  present 
imnn  will  be  thoroughly  familiar. 


SOME  EXPERIMENTS   UPON  ALTERNATING 
CURRENT  APPARATUS.* 

BY   HARIIIS   J.    RYAN. 

(Concluded  from  page  58.) 

The  nttge  of  temperature  that  produced  this  change  was 
I'Odeg.  C.  The  magnetisation  for  each  condition  is  the 
tune,  10  that  it  is  fair  to  assume  that  the  E.M.F.  setting 
up  the  Foucault  currents  is  the  same,  and  that,  therefore, 
the  energy  disaipated  by  Foucault  currents  will  diminish 
u  the  resistance  of  the  iron  is  increased  by  the  elevation  of 
iU  tempentiire.  This  gives  us  a  rough  determination  for 
tbe  temperaturo  coefficient  of  the  iron  to  '4  of  I  per  cent. 
per  degree  centigrade,  which  agrees  with  Matthiessen's 
determination,  and  furnishes  a  fair  check  upon  the  conclu- 
tion  just  arrived  at  The  results  of  these  experiments  are 
represented  graphically  in  Fig.  7. 

The  second  mteresting  feature  about  the  performance 
of  Mr.  Marks'  apparatus  lies  in  the  fact  that  the  ratio  of 
primuy  to  secondary  turns  was  3'2,  while  the  ratio  of 
primarj  to  secondary  E.M.F.  varied  from  4  to  8.  In  this 
it  exhibited  exceedingly  bad  regulation,  so  that  by  ezamina- 
lion  of  the  diagrams.  Figs.  3,  4,  5,  and  6,  we  can  see  in 
cu^ented  form  the  trouble  it  is  so  hard  to  ^t  rid  of  in 
transformers  to  be  used  for  incandescent  lighting.  Any  one 
ol  these  diagrams  shows  that  a  large  portion  of  the  lines  of 
ii>agneliBation  that  was  set  up  about  tne  primary  were  not 
Ktap  about  the  secondary.  That  is  to  >ay,  the  counter 
E.M.F.  that  is  produced  in  the  primary  is  aue  to  the  mag- 
netintion  through  it  th&t,  also  took  phice  through  the 
wcenduy,  plus  ue  variation  of  magnetisation  that  was  set 
^^  in  tU  own  air  space,  and  that  leaked  by  the  socondary 
through  the  air.  When  the  transformer  furnishes  currant 
uit  difference  becomes  greater  and  greater  because  of  the 
incnued  corrent  in  the  primary,  and  the  setting  up  of  a 
counter  magnetisation  by  the  secondary  current  in  its  own 


air  space  that   still    further  reduces   the  magnetisation 
through  it. 

Fig.  1*  shows  the  primary  disposed  on  one  side  and  the 
secondary  on  the  other  side  of  t^e  annular  core.  The 
insulation  was  produced  by  thick  asbestos  paper  that  pro- 
duced large  air  spaces  between  the  turns  in  which  d 
sation  wns  protluced. 
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In  Fig.  2,  KM.F.  curve  £  is  the  counter  E.M.F.  in  tbe 
primary  produced  by  the  ni^;n6tieatioR  through  it  that  also 
took  place  through  the  secondary,  and  which  is  obtained 
by  multiplying  the  secondary  E^&LF.  by  3'3,  the  ratio  of  the 
tarns.  E  M.F.  c  is  tbe  curve  of  counter  E.M.F.  in  the  primary 
that  was  produced  by  magnetisation  through  the  primary 


*P>pa  rsad  before    the   Americw   (qstituto  of  Eileotrioel  i 
"^iwn,  Jttoe  17,  »89a  I 


that  did  not  take  place  through  the  secondary.  Thia  is  ob- 
tained by  subtracting  E.M.F.  6  from  E.M.F.  a.  KM.F.  c 
is  seen  to  be  approximately  proportional  to  the  rate  of 
change  of  the  primary  current,  which  suggests  magnetisa- 
tion that  is  set  up  through  the  primary  that  is  proportional 
to  the  primary  current,  or  that  which  ia  set  up  in  the  air, 
or  in  a  magoetic  circuit  compounded  of  iron  and  air. 

In  the  same  figure  the  curves  of  magnetisation  a  and  6 
are  obtained  graphically  from  the  curves  of  E.M.F.  a  and  J 
by  the  method  shown  in  Fig.  3.  This  method  is  found  to 
be  fidly  as  accurate  and  requires  much  less  time  and  is 
more  simplified  than  the  analytic  method  making  use  of 
Fourier's  theorem. 

*  Fi^  1  to  6  inolariTe  were  given  in  our  last  iisiu, 
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By  Bubtruting  6  from  a  we  obtain  e,  the  curre  of  nuu;- 
ned«ation  that  was  produced  through  the  primary  and  not 
throni;h  the  secandary.  Thia  curve  of  magnetiaatiOR  c  is 
seen  by  the  dia|rram  to  be  of  about  the  same  form  as  the 
current  curve,  but  to  lag  behind  the  latter,  which  indicates 
that  it  was  magnetisation  that  was  produced  through  air 
and  air  and  iron. 


Fia.  9. 

Daring  the  discussion,  at  a  recent  meeting  of  the  insti- 
tute, the  question  was  asked  whether  measurements  of 
Foucault  currents  and  hysteresis  as  separated  from  each 
other  had  evw  been  made. 

There  can  be  no  doubt  but  that  we  do  have  separate 
determinations  of  those  quantities  when  we  have  deter- 
mined the  energy  dissipated  in  a  magnetic  circuit  of  iron  by 
rapid  cycles  of  magnetisation  and  demagnetisation,  and  the 
enei^y  dissipated  by  static  hysteresis  for  the  same  rapidity 
and  degree  of  magnetic  changes  oa  determined  from  a  Ewing 
card  observed  through  alow  magnetisation  and  demagneti- 
sation. 

Wronght-iron  Hy«UrMi«. 
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The  diagrams  Figs.  8  and  9  are  Iwu  good  illustrations  of 
such  det«rminatione.  In  Fig.  8  the  outer  card  repreaeiita 
the  card  obtained  from  the  exciting  current  and  magnetisa- 
tion curvea  talceu  carefully  at  138  reversalB  per  second 
from  the  lO-light  transformers  upon  which  the  tests  were 
made,  that  were  oommuaicated  to  the  institute  by  the 
writer  at  the  last  December  meeting.  The  inner  card 
drawn  in  a  full  line  in  Fig.  6  ia  the  Ewing  card  of  static 
hysteresis.  This  transformer,  on  being  talcen  apart,  was 
found  to  have  its  discs  insulated  with  paper,  so  that  the 
statement  made  by  the  writer  in  December  with  regard 
to  the  lamination  of  this  transformer  was  erroneous  in  this 
particular.  Foucault  currents  should  therefore  be  found 
to  be  quite  absent,  as  the  diagram  iu  Fi^.  8  indicate*,    A 


study  of  these  cards  does  not  reveal  that  which  can  1>e 
recognised  as  a  trace  of  viscous  hysteresis,  and  they 
differ  only  by  an  amount  of  Foucault  current  energ>'  th^kt 
is  represented  by  a  small  current  lagging  approximately 
an  eighth  of  a  period  behind  the  primary  impressed  E.M.F. 


In  Fig.  9  the  outer  card  is  deduced  from  the  current 
and  magnetisation  curvea  that  are  represented  in  Fig.  12. 
These  curves  were  obtained  with  196  reversals  per  second 


from  a  cast-iron  ring  8'6  cms.  in  diameter,  and  2-7  square 
cms.  in  cross-section,  wound  with  200  turns  of  wire  that 
had  a  negligible  resistance. 


In  Fig.  9  the  inner  card  ia  the  card  of  static  hysteresis. 
In  Fig.  12,  the  lower  broken  current  curve  is  that  of  the 
exciting  curront  curve  druwn  in  from  the  inner  card  of  Fig. 
9.  By  subtracting  this  current  from  the  one  that  was 
observed,  we  obtain  the  upper  broken  curront  curve,  which 
is  the  current  that  exists  tu  supply  the  Foucault  current 
energy  in  the  core,     The  point  to  be  i)oticed  ttotn  th^  twq 
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eitreme  catea  hare  taken  up  la  tluit  in  eacb  case  tbe  eurre 
of  cnrraDt  supplying  the  Foucault  current  energy  is  about 
oofreigbth  of  a  period  behind  tbe  impreaaed  E.M.F. 

Messrs.  Forbenbaugh  and  Sawyer,  atudente  in  electrical 
eogiDearing  at  Cornell  University,  made  determinationa, 
the  lesults  of  which  are  given  in  Table  III.  of  the  amounta 
of  energy  that  are  taken  up  per  cubic  centimetre  in 
wrougbt-iron  wire  cores  of  different  degrees  of  lamination, 
at  ruioDs  degreee  of  magnetisation,  and  at  different 
periodiciliea,  in  which  the  oxydised  surface  of  tbe  iron  was 
depended  upon  for  insulation.  They  made  use  of  four  iron 
vire  ring',  the  mean  diameter  of  each  of  which  was  8  9 
cmi.,  and  on  eacb  of  which  are  wound  200  turns  of  wire 
iktbula  negligible  resistance.  Figs.  11  and  13  are  given 
for  illoatrating  the  extreme  variation  in  the  character  of 
the  exciting  current  in  going  from  the  lowest  to  the  highest 
degree  of  magnetisation. 

Table  III. 
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■46 
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■75 

18 
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■14 
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■33 

167 
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■43 

93 

7,260 

■10 

92 

13,360 

■41 

46 

13,000 

■10 

2* 

3-56 

175 

8,150 

■19 

63 

8.760 

■12 

35 

s'-M 

173 

9,200 

■16 

173 

14,900 

■29 

173 

18.000  spp. 

■48 

96 

10,700 

■15 

92 

n.soo 

■33 

„ 

47 

18.000  app. 

■13 

Cart! 
•■Iran) 

2-7 

160 

4.980 

1-60 

l>iuiiet«r,  3^5  by  2^S4. 

The  result  shows,  on  account  of  the  presence  of  Foucault 
nureata  to  a  larger  extent  for  the  higher  degrees  of  mag- 
netisation, a  variation  in  losaea  as  the  square  of  the  periodi- 
city and  the  square  of  tbe  magnetisation.  The  results 
obtained  with  the  aevenU  cores  at  the  periodicity  of  175 
reversals  per  second  have  been  plotted  in  Fig.  !  4. 

The  cird  of  No.  36  wire  agrees  closely  with  Ewing'a 
determination  of  static  hysteresis  for  moderately  soft 
wrought  iron,  and  is  therefore  entirely  free  from  Foucault 
carrents.  It  is  interesting  to  note  that  for  the  cores  of  No. 
36,  \o.  24,  and  No.  16,  there  is  but  little  difi'erence  in  tbe 
ioses  for  degrees  of  magnetisation  below  4,000  lines  per 
■qnare  centimetre. 


Flo.  14. 

Likewise,  for  the  higher  degrees  of  magnetisBtion,  it  is 
Ken  that  the  loss  is  proportional  to  the  magnetisation,  aa 
Kving's  results  on  static  hysteresis,  given  in  Fig.  10,  indi- 
cate they  should  be.  Fig.  13  showatheefTectof  compelling 
the  magnetiaation  to  be  carried  above  tlie  bend  of  the 
^''uacteriatic  curve  of  the  iron. 


LEGAL   fNTELLIGENCE. 


THE  NORTHERN  ELECTRIC  WIRE  AND  CABLE  C0HPAH7. 

On  Thursday,  ITth  July,  Mr.  Justice  Key  heard  an  application 
on  behalf  of  Mr.  Edward  WiUi&m  HUl,  of  Park  House,  Bradford, 
Yorkshire,  to  correct  the  roister  of  the  Nortbern  Electric  Wire 
and  Cable  Manufacturing  Company,  Limited,  by  removing  hi* 
name  aa  the  holder  at  160  Bbarss. 

Q.C.  (with  him  Mr.  Maidlow),  said  this  waa  an 

ication.  under  section  35  ot  tbe  Aotof  1862,  to  have  the  register 

ipany  rectiSed  by  omitting  tbe  applicant's  name  from 

_  ...       .,       .„-       ^^ !._,.     .U_        __  _  .         J       . 


applica 

of  the  c      .      . 

the  list  in  respect  of  160  abaree  which  tbe  obmtiany  parport«d  to 
have  allotted  to  bim,  and  for  lepaymeot  of  the  sum  of  £80 
and  intereat.  The  company  was  formed  with  a  capital 
of  £20,000,  divided  into  4,000  £6  shares,  tbe  certificate  of 
incorporation  being  dated  June  25,  1889.  On  this  dat«  a 
meeting  of  HubecriberB  to  the  memorandum  of  association  was 
held  at  half-paat  t«n  in  tbe  morning,  when  it  was  resolved  that 
the  contract  tor  the  sale  and  purchaae  of  the  business  sboold  be 
confirmed,  and  that  certain  shares  be  allotted,  amongst  others 
being  tbe  applicant's,  though  from  tbe  appearance  of  the  minnte 
it  lo^ed  as  U  tbe  number  of  the  ahares  lud  been  inserted  at  a  sub- 
sequent period.  Tliat  this  must  have  been  the  case  was  proved  by 
the  fact  that  Mr.  Hall  had  not  than  applied  for  shares,  though  he 
received  a  copy  of  tbe  prospectus  on  May  29  from  Blakey,  Emmott, 


'arded  to  Mr.  Hal),  and  on  August  14  he  withdraw  his  appli- 
cation. On  September  10  his  solicitors  wrote  disclaiming  all 
liability  in  reapeot  of  tbe  sharoa.  and  sn  December  30  thodirMtors 
passed  a  resolution  forfeiting  the  shares.  Tbe  learned  counsel 
contended  that  the  resolution  allotting  t^  shares  was  passed 
l)eforetho  incorporation  of  the  company,  and  was  consequently 

The  Clark  who  roistered  the  company  was  called  to  state  the 
circumstances  and  (&t«  of  registration,  out  was  unable  to  speak 
poeitively  on  this  point. 

Hr.  Bafnaa,  a  clerk  from  Somerset  House,  gave  evidence  aa  to 
the  practice  in  registering  companies.  The  registration  wasdated 
from  the  day  the  papcuii  were  lodged,  and  from  the  stamps  on  the 
papers  in  question  he  had  no  doubt  they  were  left  co  Jnae  25. 

Xr.  Sena&aw  contended  that  oe  the  minute  book  showed  a 
meeting  of  subsciibers  on  Juno  25  at  10.30  a.m.,  at  which  the 
allotment  was  purported  to  have  been  made,  itwasevideot  that  tbe 
allotraent  was  made  before  the  company  was  incorporated. 

Kr.  Joatloe  Kay  said  there  was  noUiing  to  show  bow  long  the 
meeting  lasted.  Ho  should  not  assume  anything  in  favour  ot  a 
man  seeking  to  avoid  a  contracL 

Mr.  Bensbaw  said  his  case  was  that  there  never  waa  a  contract. 
At  that  time  Mr.  Halt  had  not  made  any  application.  He  also 
submitted  that  foor  sutwcribers  hod  not  power  t^  allot.  No  quorum 
had  been  appointed.  It  was  admitted  that  tbe  motive  actuating 
the  applicant  in  seeking  to  be  relieved  of  the  shares  was  dissatis- 
faction with  the  managinK  directors  in  connection  with  other 
matters,  but  that  did  not  ^ect  bis  legal  rights. 

a.C.  (with   bim  Mr.   Osw^d),  for  the  camps 
;he  object' 
vas  that  t 
ly  receivf 


wnipaiw, 
lubmitted  that  there  was  no  substance  in  the  objection  made  by 
Mr.  Hall ;  the  onlv  irregularity  suggested  was  that  the  allotment 
waa  made  before  the  application  was  actually  received. 

His  LordaUp,  without  calling  upon  Mr.  Renshaw 
it  seemed  to  him  that  in  the  present  case  there  w   .  ^ 

contract.     He  then  went  in  detail  throngb  the  facts  of  the  case, 
and  concluded  by  saying  that  tbe  whole  of  tbe  prooeedings  had 

i. 1_  : 1,_  .!._.  1. .  __j__  |.[jg  applicant's  name 

0  with  interest  to  be 


SHARP  AND  KENT  v.  DANE. 

In  the  Westminster  County  Court,  on  Thursday,  hia  Honour 
Judge  Bayley  had  before  bim  the  cose  of  Sharp  and  Kent  v.  Dane. 
The  action  was  brought  by  Messrs.  Sharp  and  Kant,  electrical 
engineers,  to  recover  images  against  the  defendant,  John  Dane, 
for  leaving  their  employment  without  giving  prcper  notioe  to  quit, 
in  aooordanoe  with  the  plaintifFs'  printed  rules. 

The  plaintiffs'  manager  was  called  and  said  the  defendant  was 
engaged  about  a  year  ago  as  an  electric  wjceman.  He  was  first) 
employed  as  a  time  worker,  bnt  in  Jannsry  last  he  was  re-engaged 
aa  a  weekly  servant  at  £1.  16s.  a  week.  'The  defendant  was  aware 
of  tbe  printed  rules,  which  provided  that  a  week's  notice  should 
be  given  on  either  side.  On  June  26  last  he  refused  to  do  any  more 
voA  on  tbe  ground  that  be  would  not  work  under  a  foreman  named 
Britt^,  and  as  there  was  nothing  more  for  him  to  do  at  tbe  time 
he  left  work  and  never  retomed. 

The  defendant  was  called,  and  complained  that  he  had  been 
vei7  shabbily  treated  by  the  firm,  who  still  owed  him  for  four 
and  a  half  days'  work.  When  he  tinrt  worked  for  them  he  was 
paid  by  tbe  hour,  but  wss  subsequently  taken  on  as  a  weekly  ser- 
vant at  £1.  16s.  a  week.  He  had  to  work  very  bard,  and  some- 
limes  did  as  many  aa  90  hours'  work  in  a  week.  He  certainly  did 
refuse  to  work  under  Brittain,  but  the  plaintiffs  were  very  slack  at 
the  time,  and  had  nothing  else  for  bim  to  do. 

HlB  HoBonr  said  he  t^ed  to  see  how  tbe  iJaintlfls  had  suffered 
any  damage,  therefore  judgment  wonld  be  for  the  nominal  sum  of 
Is.,  bnt  no  coats  wonld  be  allowed. 


THE  BLECTRICAL  ENC^tNEEll,  JULY  S6,  1890. 


85 


WhHi  he  last  addroflaed  them  he  referred  to  the  West  Coast  of 
Africa  system  as  being  fully  oompleted,  and  he  also  expressed 
his  opinioD  that  this  would  have  important  results.    He  was  ^lad 
toamfirm  that  opinion  on  the  present  occasion.    The  African 
Direct  Company  were  paying  4  per  cent,  and  the  West  African 
Company  were  paying  5  per  cent.,  and  expected  increases  in 
both  cases.    The^  were  now  in  a  position  to  meet  all  the  require- 
oMDtiio  ooDoection  with  the  development  of  the  Dark  Continent, 
and  lie  hoped  they  would  be  able  to  carrr  on  their  work  in  this 
directioo,  not  only  in  the  interests  of  oiviQaation,  but  in  those  of 
the  sharehoklerB  also.    Since  the  last  meeting  he  had  been  to 
Egypt,  aod  the  result  of  his  visit  had  been  that  they  had  settled 
their  affiura  in  that  country  in  such  a  satisfactory  way  that  material 
b«efit  would  result  to  the  Compamr  and  advante^  would  also 
xavnd  to  BSgypt.    At  the  recent  Teleeraph  Conference  in  Paris 
the  Compaey  were  ably  represented,  ana  he  was  bound  to  say  that 
thfl  repreBentatives  of  the  different  Governments  of  Europe  had 
given,  oo  the  whole,  very  fair  consideration  to  the  representations 
oade  at  the  conference  on  the  part  of  the  companies.    He  could 
»y,  withoat  fear  of  contradiction,  that  their  relations  with  the 
eiisting  European  Govemments,  so  far  as*telegraph  matters  were 
ooooerned,  never  stood  better  than  they  did  at  tne  present  time. 
He  (hongbt  they  had  come  out  of  the  conference  in  a  more  satis- 
fictoiy  manner  than  they  had   come  out  of  any  previous  con- 
fenooe.   He  had  no  heritation  in  saying  that  the  reductions 
m  tariff  which   they  had   made  in  consequence   of   the  con- 
foeoce  would  be  recouped  by  increased  traffic  by  their  next 
meeting,  or,  at  aU  events,  before  another  year  was  out.    He  was 
^Ud  auo  to  say  that  their  relations  with  India  had  been  very 
materially  improved  at  the  conference.    Since  their  last  meeting 
u  important  change  had  been  made  in  regard  to  the  Australian 
urifb,  in  connection  with  which  they  were  going  to  make  a  re- 
markable redaction.     The  Eastern  EJxtension  Company  were  going 
to  redaoe  their  rates,  and  what  that  company  did  on  the  one  side 
the  Eaatem  Company  had  to  support  more  or  less  on  the  other 
fide.   They  were,  therefore,  party  to  an  arrangement  with  the 
Eaitem  Extension  Company,  whereby  the  Australian  tariff  would 
be  reduced  from  fis.  4d.  to  is.  a  word,  the  Governments  of  these 
colooiei  TusFanteeing  to  makegood  half  the  loss  which  might  be 
lofUiDea  by  this  reduction,    ae  thought  that  this  arrangement 
fhould  add  materialiy  to  the  value  of  the  property.   The  reauction 
ID  the  tariff  would  necessarily  lead  to  a  very  considerable  extension 
of  their  lystem  generally.    Their  Red  Sea  cables  had  been  in 
operation  for  about  20  years,  and  the  Directors  felt  that  they  must 
prepare  at  once  for  that  increased  traffic.    They  had,  therefore, 
decided  to  lay  another  cable  in  the  Red  Sea  from  Sues  to  Aden  at  a 
cost  of  at  least  £2SO,000.    They  thought  it  would  be  better  if  they 
paid  for  this  cable  mainly  out  of  reserve  fund.    They  had,  there- 
fore, OD  the  present  occasion  increased  the  reserve  fund  consider- 
ablj,  80  ae  not  to  add  to  their  capital.    He  thought  thev  were  in 
a  vmud  and  satisfactory  condition,  and  the  amount  the^  were 
cvrying  forward  was  very  large.    He  concluded  by  movme  the 
adoption  of  the  report  and  the  declaration  of  the  dividenaand 
boDos  rBoommendeoL 
The  llaxqida  of  Tireeflaele  seconded  the  motion. 
Ir.  OailBOB  crifeftdeed  the  action  of  the  Directors  in  lajring  so 
amy  cables,  contending  that  it  was  unnecessary  if  they  would 
fdaDt  a  certain  cable  instrument  which,  he  said,  was  doing  over  30 
ptid  words  per  minute.    He  also  criticised  the  policy  of  the 
iXreetore  in  other  respects. 

The  Chalmaa  said  that  a  gjreat  deal  of  what  Mr.  Clarkson  had 
aid  was  ancient  history,  and  ne  would  merely  say,  in  replv,  that 
<he  property  was  beinff  managed  by  the  rireotors  in  the  best 
btereste  of  the  shareholaers. 
The  rBMlntion  was  adopted. 

Os  the  motion  of  Kr.  James  CMM,  seconded  by  Xr.  Jolm 
Kivtoa,  and  supported  by  Dr.  Waller,  a  vote  expressing  sincere 
ooodoleooe  with  we  Chairman  on  aooount  of  his  recent  domestic 
WetTtment  was  passed. 


COMPANIES'  REPORTS. 

HDISOR  AND  SWAN  UNITED  ELECTRIC  UOHT  COMPANY, 

LIMITED. 

IKrecton:  James  Staats  Forbes,  Esq.  (chairman),  Frederick 
^charda  Leyland,  Esq.  (deputy-chairman),  the  Viscount  Anson, 
»^ford  Bidwell,  Esq.,  F.R.S.,  and  Ernest  ViUiers,  Esq. 

Sefeotb  annual  report  of  the  Directors  for  the  year  ending  30th 
June,  1890. 

The  buriDen  of  the  Company  has  resulted  in  a  credit  balance  of 
«U15.  3e.  3d.  Of  this  amount  £12,371.  14s.  7d.  has  been 
^''^erbed  by  the  payment  of  an  interim  dividend  on  the  A  shares, 
at  the  nte  of  7  per  cent,  per  annum  for  the  first  six  months  of  the 
year.  The  Directors  recommend  the  payment  of  the  following 
dirideads  on  the  A  shares,  free  of  income  tax»  and  to  be  distn- 
buted  in  aooordanoe  with  clause  87  of  the  articles  of  association  : 
■a)  At  the  rate  of  7  per  cent,  per  annum  for  the  half-year  ending 
3(nii  Jane,  1890  (making  7  per  cent,  for  the  year).  (6)  Four  per 
oe&ti  b  completion  of  pavment  of  arrears  of  cumulative  preference 
4iTide&d  for  the  year  ending  30th  June,  1884.  (c)  Four  per  cent. 
^  nepect  of  arrears  of  cumulative  preference  dividend  for  the 
f«r.eoduig  30th  June,  1885,  which  will  absorb  £40,649.  198.  3d., 
Xtvixi)^  £8,093.  9b.  5d.,  which  the  Directors  have  carried  to  the 
reMrrv  fond,  in  aooordanoe  with  article  89  of  articles  of  assoda- 
tnxL  The  Directors  have  been  adding  to  the  buildings  and  plant 
^' the  factory,  so  as  to  enable  them  to  manufacture  lamps  in 
''^'^^t  numbers  to  meet  the  demand  which  will  arise  as  the 
^Ppiy  companisB  extend  their  operatioiM  in  London  and  other 


towns.  Mr.  Shelf ord  Bidwell,  F.R.S.,  retires  from  the  Board,  and 
offers  himself  for  re-election  as  a  director.  The  auditors,  Messrs. 
Welton,  Jones,  and  Co.,  retire,  and  are  eligible  for  re-election. 

Pbofit  akd  Loss  Aooount  for  thx  Ybar  bndkd  SOth  Juki,  1890. 

Dr.  £      8.  d. 

To  stock  on  hand,  1st  July,  1889   25,985  18  2 

„  Wages,  purchases,  etc 73,719    2  1 

„  Salves,  directors'  fees,  rent,  office  expenses, 

insuranoe,  income  tax,  general  and  law  charges  13,915  19  9 

„  Depreciation  on  phuit,  etc 1,838  17  9 

„  Balance    61,115    3  3 

£176,576    1    0 

Cr.  £      s.  d. 

By  sale  of  lamps,  fittings,  etc. 118,865  15    1 

„  Interest,  etc 1,442  17    1 

„  Stock  on  June  30th,  1890 56,266    8  10 

£176,575    1    0 
Balakob  Shut,  30rB  Junb,  1890. 

Dr.  £      s.   d.        £      8.   d. 

To  share  capital — 
5,000  A  shares  of  £5  each,  fully 
paid,  allotted  to  the  Edison  Eleo- 
tric  Id^ht  Company,  Limited...  25,000  0  0 
12,139  A  shares  of  £5  each,  fully 
paid,  allotted  to  the  Swan  United 
iilectric  Light  Company,  Limi- 
ted, ranking  up  to  5  per  cent,  for 
dividend  on  the  amount  credited 
as  paid  up,  and  afterwards, 
equiuly,  per  share,  with  A  shares 

partly  paid.*, 60,695    0    0 

89,261  A  shares,  £5  each.  £3  paid  267,783    0    0 
23,564  B  shares,  £5  each,  fully  paid  117,820    0    0 

" 471,298    0    0 

The  B  sharesareentitled  to  one-fourth  of  the  pro- 
fits, after  a  oumulative  preferential  dividend  of 
7  per  cent,  per  annum  has  been  paid  on  the  A 
shares.  (The  preferential  cumulative  dividend 
of  7  per  cent,  amounted,  on  30th  June,  1890, 
to  £110,769.  17s.). 

„    Sundry  credit  boJances 26»257    5    5 

„    Reserve  fund   £      s.  d.      4,595  10  10 

„  Balance  as  perprofit  and  loss  aoct.  61,115  3  3 
Less  interim  dividend  at  the  rate 
of  7  per  cent,  per  annum  for 
six  months  ended  3l8t  Decem- 
ber, 1889,  paid  on  20th  Feb- 
ruary, 1890    12,371  14    7 

48,743    8    8 

£550,894    4  11 

Cr.  £      s.   d.       £      s.  d* 

By  cost  of  patents,  soodwill,  pre- 
liminary outlay,  loss  on  work- 
ing, etc.,  as  per  last  balance 
sheet    * 235,614    9    3 

Further  expenditure  thereon 2,439    5    1 

238,053  14    4 
Less  amount  realised  by  sale  of 
plant,  eta  2,030  15    6 

236,022  18  10 
I,  Amount  of  B  shares  of  this  Com- 
pany, issued  as  per  con^m  117,820    0    9 

353,842  18  10 

„  Manchester  Edison-Swan  Ca,  Limited,  £100,000 

B  shares  at  nominal  cost  12,000    0    0 

„  Freehold  property 33,306    9    7 

„  Plant  and  stock 77,221    2  11 

„  Office  furniture 256  17    2 

„  Debtors   15,203  15  11 

„  Investments  27,500    0    0 

„  Cash  at  bankers  and  in  hand .- 31,563    0    6 

£560,894    4  11 
Statement  Showing  the  Proposed  Appropriation  of  Profits, 
To   dividend    for   the    year   ending   30th   June,        £      s.   d. 
1890,  at  7    per  cent,  per  annum    (of  whidi 
£12,371. 14s.  7d.  was  paid  as  interim  dividend 

on  20th  February,  1890)    24,743    9    2 

„  Payment  of  the  balance  of  cumulative  preferen- 
tial dividend  on  the  A  shares,  for  the  year 
ending  30th  June,  1884,  at  the  rate  of  4  per 

cent.  14,139    2    4 

And  payment  on  account  of  oumulative 
preferential  dividend  on  the  A  shares  at  tJie 
rate  of  4  per  cent,  for  the  year  ending  30th 

June,  1885 14,139    2    4 

„  Reserve  fund 8,093    9    5 

£61,115    3    3 

£      8.   d. 
Bybalanoeofprofitforonrrentyearto  30th  June,  1890    61,115    8    8 

£61,115    3    8 
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NOTES. 


AtMrdeen. — ^The  art  gallery  at  Aberdeen  in  the  Ham- 
mermen's Exhibition  is  to  be  lighted  by  electricity. 

Beotrio  Liflrbt  at  Bomliay. — Four  tenders  for  the 
electric  lighting  of  part  Bombay  city  are  under  consideration 
by  the  Municipal  Standing  Committee. 

St.  Paaoraa. — ^A  report  has  been  presented  to  the  St. 
Pancras  Vestry  by  a  committee  of  that  body,  recommending 
the  acceptance  of  tenders  to  the  amount  of  £50,946,  for 
Euppljing  the  electric  light  to  that  parish. 

Kagnetlo  Properties  of  Niokel« — ^We  have  received 
a  copy  of  a  paper  on  the  "  Magnetic  Properties  of  Alloys 
of  Nickel  and  Iron,"  by  Dr.  J.  Hopkin8on»,F.B.S.,  reprinted 
from  the  Proceedings  of  the  Boyal  Society. 

Amerioaa  World's  Fair. — ^The  site  for  the  grand  ex- 
hibition of  the  World's  Fair  and  Commemoration  of  the  dis- 
covery of  the  New  World,  1892|  has  been  definitely  chosen  at 
Chicigo,  oonsiating  of  the  conjoined  lake-front  and  Jackson 

hti. 

r  Qrowinir  Telegraph  Poles. — ^It  is  stated  that  out  in 
Nevada  telegraph  poles  in  low  places,  where  water  stands 
in  winter,  have  taken  root  and  are  covered  with  foliage. 
The  poles  are  cottonwood,  and  were  planted  with  the  bark 

on  thenL 

Inoreasiiicr  Traotlon.— The  Eies  Electric  Traction 
and  Brake  Company  has  been  incorporated  at  Baltimore, 
U.S.,  for  manufacturing  the  apparatus  invented  by  E.  E. 
Hies  for  increasing  traction  electrically.  The  capital  stock 
is  2,000,000  dollars. 

New  GaUe  Between  Kiiglaiid  and  Franoe. — ^A 

Renter's  telegram  from  Paris  says  the  Budget  Committee 
has  approved  the  Bill  authorising  a  credit  for  laying  a  new 
cable  between  England  and  France,  and  brought  forward 
its  report  in  the  Chamber. 

St.  Gatlierliie*s  Ughthonse. — ^It  is  stated  that  the 
light  from  the  huge  electric  light  in  St.  Catherine's  Light- 
house, Isle  of  Wight^  can  be  seen  distinctly  45  miles  away, 
and  that  at  the  Needles,  14  miles  distant,  it  is  quite  easy 
to  read  very  fine  print  by  means  of  the  light. 

London  Cronnty  ConnolL — ^At  the  meeting  of  the 
London  County  Council  on  Tuesday  it  was  resolved,  upon 
the  recommendation  of  the  Parliamentary  Committee,  that 
the  Electric  Lighting  Confirmation  Bill  should  be  opposed, 
80  far  as  it  did  not  comply  with  the  Council's  past  resolu- 
tions. 

Ckiole. — ^At  the  fortnightly  meeting  of  the  Goole  Local 
Boardf  a  letter  was  read  from  the  Laing,  Wharton,  and 
Down  Construction  Syndicate  inviting  the  inspection  of 
their  model  electric  station  at  the  Koyal  Military  Exhibition, 
and  stating  their  willingness  to  supply  any  information  on 
the  subject. 

Bishop  Stortford«~A  special  meeting  of  the  Bishop 
Stortford  Local  Board  was  recently  held  to  consider  the 
application  of  the  new  company  for  a  provisional  order,  and 
Mr.  J.  A.  Findley,  the  secretary,  gave  some  information  as 
to  the  proposals  and  the  power  over  breaking  up  of  roads. 
The  matter  was  adjourned. 

Bamet. — ^At  the  last  meeting  of  the  Barnet  Local  Board, 
a  letter  was  read  from  Mr.  Joel  giving  notice  that  the 
Baroet  District  Electric  Light  Suf^ly  Company  were  about 
to  apply  for  powers  to  supply  the  electric  light  in  the  dis- 
trict of  theE^t  Bamet  Valley  Local  Board,  This  was 
referred  to  the  Highways  Committee, 


Oonoentrlo  Wlriair. — ^We  have  received  the  catalogue 
of  fittings  from  Messrs.  J.  D.  F.  Andrews  and  Co.  These 
fittings  are  all  on  the  concentric  wire  Sjrstem,  the  advan- 
tages of  which  are  claimed  as,  *'  cheaper  first  cost,  no  wood 
casing,  self-testing,  every  fault  resolves  itself  into  a  short 
circuit  and  melts  the  fuse."  The  catalogue  contains  illua- 
trations  of  switches  and  fuses  for  this  system  which  has 
been  developed,  it  is  stated,  during  many  yean  in  its  appUr 
cation  to  over  60  installations,  and  is  said  to  be  specially 
applicable  to  ship  lighting. 

Gravesend  Fete. — A  grand  summer  fdte  was  held  in 
aid  of  the  Gravesend  Hospital  last  Tuesday,  and  was  opened 
by  Lord  and  Countess  Damley.  The  authorities  of  Tilbury 
Docks  were  specially  liberal  in  respect  to  the  electric  light- 
ing of  the  fdte,  which  was  carried  out  under  the  supervision 
of  Mr.  Stanley  Bright,  electrical  engineer  to  the  London 
and  India  Dock  Company,  assisted  by  the  electric  light 
staff  of  Tilbury.  The  motive  power  was  supplied  by  an 
engine  lent  by  Messrs.  Wyle's  Agricultural  Implement  Co., 
Limited,  of  Bochester,  an  8  h.p.,  running  at  200  revolu- 
tiohs  per  minute.  The  dynamo  and  lamps  were  kindly 
lent  by  the  London  and  India  Docks  Joint  Committee. 
The  lighting  consisted  of  three  of  Crompton's  patent  are 
lamps  of  5,000  c.p.  each,  the  operation  of  which  gave  great 
satisfaction.  The  fdte  seems  to  have  been  both  in  the  day- 
time,  and  in  the  night-time  (due  to  the  electric  light),  an 
<<  unparalleled  success. ' 

The  Britisla  Assoolatlon. — ^A  meeting  U  the  Leeds 
Executive  Committee  was  held  on  Monday  for  the  purpose 
of  considering  arrangements  which  has  been  made  there  in 
view  of  the  approaching  visit  of  the  British  Association  to 
that  town.  The  Mayor,  Alderman  Elmaley,  in  opening  the 
proceedings,  said  the  executive  committee  had  received 
promises  to  come  from  some  of  the  most  eminent  scientists 
in  Europe  and  America.  Many  of  the  principal  manufac- 
turers  of  Leeds  had  most  generously  consented  to  open 
their  works  for  inspection  by  members  of  the  association. 
They  had  also  arranired  for  excursions  to  phces  of  interest, 
historical  or  otherwise.  He  had  no  doubt  that  the  inhabi- 
tants of  Leeds  would  show  all  the  hospitality  and  enthusiasm 
that  was  required.  In  the  course  of  the  proceedings  it  was 
stated  that  it  was  the  original  intention  to  have  a  guarantee 
fund  of  not  less  than  £500,  and  that  fund  now  amounted 
to  not  less  than  £6,540. 

Tempered  Copper. — ^The  tempered  copper  manufac- 
tured by  the  Eureka  Tempered  Copper  Company,  of  North 
East,  Pennsylvania,  says  the  New  York  Eledrieal  Review,  has 
passed  beyond  the  experimental  stage  as  regards  its  use  for 
commutators  and  electrical  brushes.  It  has  been  tried  by 
all  the  large  manufacturers  of  electric  light  and  power 
dynamos,  and  by  at  least  one  half  of  the  central  stations  of 
the  United  States,  under  a  positive  guarantee  of  three  times 
the  wearof  copperor  bronze,  whethercastingsordropforgings. 
In  the  face  of  this  large  trade,  under  this  guarantee,  in  no 
instance,  we  are  informed,  has  any  goods  ever  furnished 
for  electrical  work  by  this  firm  been  returned  or  payment 
refused.  For  street  car  work  it  is  especially  adapted  for 
gear  pinions,  as  well  as  commutator  s^pnents  and  trolley 
wheels  or  trolley  wire.  They  also  make  a  gear  pinion  of 
alternate  sections  of  copper  and  raw  hide  that  has  been 
used  successfully  upon  several  electrical  railroads. 

Ward's  Eleotrio  Omnibus. — The  electrical  omnibus 
is  a  fact  in  London.  On  Tuesday  at  three  in  the  afternoon 
^e  met,  ^uite  ia  thQ  ordinary  QOur99  of  afiGEiirs,  coming  down 
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St  MartinVIane,  into  Trafalgar-square,  the  first  of  the  new 
line  of  eleetrioal  omnibuses,  glorious  in  its  new  vsmish  and 
gold  letters,  driven  in  person  by  Mr.  Badclifie  Ward,  the 
managing  director.  The  omnibus  came  down  the  street 
with  two  passengers  outside  and  one  inside  and  a  conductor, 
at  a  rattling  pace,  followed,  as  was  but  natural,  by  a  crowd 
of  street  boys.  It  looks  a  trifle  heavy  and  short,  but  alto- 
gether has  quite  a  handsome  appearance,  and  the  pace  it 
made  and  the  way  it  could  be  steered  in  and  out  of  the 
carts  and  cabs  showed  it  was  well  under  control.  "  Well, 
that's  a  rum  'un,"  said  the  driver  of  the  yellow  bus  at  the 
corner ;  '*  Well  all  have  to  turn  'lectric  men,  next,  it  seems." 
Some  of  them  will  no  doubt ;  and  omnibus  companies  in  all 
the  great  capitals  will  watch  with  interest  this  new  line  of 
omnibuses. 

Sims-Ediaon  Torpedo. — An  exhibition  was  given  by 
the  Sims-Edison  Electric  Torpedo  Company  of  their  fish 
torpedo  at  Willet's  Point  on  July  15.  The  torpedo  is  in 
two  parts,  one  parallel  to  and  about  6ft.  above  the  other, 
and  28ft  long.  The  lower  portion  is  a  cylinder  with 
conical  ends  covered  with  copper,  containing  the  explosive 
used,  the  controlling  cable  about  ^in.  in  diameter  made  of 
fine,  twisted  copper  wire,  which  is  paid  out  as  the  torpedo 
advances,  and  the  electric  motor  and  steering  gear.  The 
upper  part  consisted  of  a  float  of  copper.  In  the  tests,  says 
the  N.Y.  Enginsering  iVetos,  one  mile  of  cable  was  laid  in 
2min.  598ec.  The  float  was  at  no  time  exposed  more  than 
an  inch  above  the  water.  The  exhibition  showed  the 
perfect  control  of  the  torpedo  by  the  operator  on  shore. 
The  torpedo  was  run  a  half  mile  down  the  bay,  turned  and 
sigzagged  in  various  directions,  and  finally  brought  back 
to  the  starting  point.  The  current  used  was  of  1,000  volts 
pressure.  The  company  is  now  building  a  33ft.  torpedo 
for  the  United  States  Qovernmaat. 

Xleotrielty  from  Hoat. — ^The  news  of  a  discovery  by 
H.  B.  Cox,  of  Hartford,  of  a  method  of  generating  elec- 
tricity direct  from  heat  proves  to  be  a  little  in  anticipation 
of  the  facts  of  the  case,  as,  indeed,  we  quite  expected  it  to 
be.  We  gave  a  week  or  two  ago  the  report  of  the  invention 
from  the  Hartford  paper,  and  at  the  same  time  communi- 
cated with  Mr.  F.  A.  Pratt,  of  the  Pratt  and  Whitney 
Company,  Ebrtford,  who,  it  was  mentioned,  was  president 
of  the  company  formed  to  develop  the  heat  electrical  gene- 
rator. He  writes  that  the  invention  is  not  perfected  yet, 
and,  possibly,  may  never  be,  as  inventions  of  this  kind  are 
proverbially  uncertain.  They  hope  to  know  more  and 
report  progress  before  the  end  of  the  year ;  but  the  hopes 
of  the  solution  of  the  problem  have  not  as  good  foundation 
as  the  article  laid  down,  or  as  might  for  the  progress  of 
science  be  wished.  So  we  must  wait.  The  problem  is 
there,  is  continually  before  us,  and  probably  the  solution, 
if  we  but  knew  it^  is  not  in  reality  very  far  to  seek ;  and 
engineers,  feeling  this,  are  ready  to  give  all  attention  to  an 
inventor  who  shall  indicate  to  them  the  right  road. 

Testlaff  Apparatus  for  Loamlnfftoflu— At  a  meet- 
ing of  the  Leamington  Town  Council  last  week,  after  the 
reading  of  the  report  of  the  Watch  Committee,  Mr.  Crow- 
iher  Davies  again  returned  to  the  charge  and  said  that,  un- 
like the  gas,  the  electric  lighting  was  eminently  unsatis- 
factory, and  the  ratepayers  were  dissatisfied  at  the  light 
they  received.  He  suggested  that  in  future  reports  a 
statement  should  be  included  as  to  the  condition  of  the 
light,  whether  the  committee  were  satisfied,  and  whether 
the  electric  lighting  for  the  previous  month  had  been  in 
accordance  with  the  terms  of  the  contract.  Mr.  Davies 
said  that  he  hoped  there  was  no  probability  of  the  Council 


ever  occupying  the  position  of  the  company  now  suppljring 
the  electric  light  by  acquiring  the  plant,  etc.  The  Mayor 
said  he  was  certain  it  was  not  in  the  mind  of  any  member 
of  the  Corporation  to  take  over  the  plant  of  the  electric 
lighting  company.  The  surveyor  was  instructed  to  pur- 
chase an  instrument  for  the  purpose  of  testing  the  electric 
light,  and  it  was  agreed  that  the  particulars  named  by  Mr. 
Crowther  Davies  should  be  included  in  future  reports. 

Mining  KzUbition. — ^The  exhibition  of  mining  and 
metallurgy  was  opened  at  the  Crystal  Palace  on  Monday. 
There  is  every  reason  to  believe  that  this  exhibition  will 
prove  interesting  and  profitable  to  mining  engineers,  but 
from  the  point  of  view  of  electrical  engineers  there  is  not  a 
great  deal  to  be  said.  The  exhibition  is  lighted,  and  well 
lighted,  by  the  Planet  arc  lamps,  but  beyond  bells,  indica- 
tors, a  few  fittings,  and  electric  mining  fuses,  there  does 
not  seem  to  be  much  to  indicate  the  change  that  will 
inevitably  take  place,  especially  in  mountain  districts  where 
water  power  is  available,  in  the  substitution  of  electric 
for  steam  power.  The  chance  was  here  to  demonstrate  to 
the  mining  and  colonial  world  the  advantages  of  the  trans  - 
mission  of  power,  of  the  electric  hauling  and  pumping 
engines,  and  electric  drills,  besides  undei^round  electric 
lighting,  but  we  do  not  see  that  the  opportunity  has  been 
greatly  appreciated.  The  exhibition  is  of  mining  and  min- 
ing machinery,  and  of  this  there  is  plenty,  and  fine  exhibits 
come  from  New  South  Wales.  We  notice  still  a  good  many 
blank  places  in  the  catalogue ;  possibly  some  of  these  will 
show  forth  the  application  of  electricity  to  minine;. 

dosed  or  Slotted  Conduits, — ^A  note  for  electric 
tramway  engineers  that  they  will  do  well  to  ponder  over. 
Some  two  years  ago  Mr.  Linefl'  laid  down  and  tried  an 
electrical  system  in  which  the  essential  feature  was  an  open 
slot  in  one  of  the  rails.  Though  fairly  successful  in  work- 
ing, the  presence  of  the  open  slot  in  the  roadway  was  con- 
sidered so  objectionable  by  the  local  authorities  that  they 
refused  to  sanction  the  working  of  the  system,  and  it  has 
never  been  put  in  actual  practice.  OraduaJly  the  necessi- 
ties of  the  case  are  evolving  the  final  English  electrical  tram- 
way system.  Overhead  wires  are  not  allowed — they  are 
unsightly,  dangerous,  troublesome;  open  slots  are  not 
allowed — ^they  are  dangerous  to  cart-wheels,  an  open  recep- 
tacle for  dirt,  besides  being  costly  to  put  down.  The  race 
seems  to  lie  between  accumulator  cars  and  the  closed  con- 
duit system.  The  race,  too,  is  becoming  exciting.  We 
are  in  confidence  of  several  schemes  which  have  not  yet 
come  before  the  public,  even  technical  public,  notice. 
Money  is  being  invested,  and  brains  are  being  vigorously 
taxed,  and  soon  we  hope  to  see  a  practical  outcome  in  the 
rapid  extension  of  finished,  economical,  safe,  and  simple 
means  of  electrical  traction  in  our  streets. 

Aconmnlators  in  Telegraphy, — Herr  Strecker, 
engineer-in-chief  of  the  telegraphic  service  at  Berlin,  has 
recently  read  a  paper  before  the  Elektrotechnischen  Verein 
upon  the  mode  of  employment  of  accumulators  in  the 
central  telegraph  office  of  the  city.  The  following  interest- 
ing particulars  are  given :  In  October  last  the  administra- 
tion put  in  25  batteries  of  Tudor  storage  cells,  of  25  ampere- 
hours  ;  the  current  is  distributed  in  three  directions  and 
servos  68  lines,  comprising  41  Morse  instruments  and  27 
Hughes  instruments.  The  three  principal  cables,  in  parallel 
from  the  battery,  supply  the  first  36  lines  at  34  volts,  the 
second  12  lines  at  40  volts,  and  the  third  13  lines  at  50 
volts,  six  at  60  volts,  and  one  at  80  volts.  Shortly  four 
other  main  circuits  will  be  connected.  The  negative  pole* 
of  the  battery  is  put  to  earth,  and  the  strength  of  tli^ 
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carrent  is  regulated  so  that  it  shall  not  exceed  the  strength 
of  60  mOliamperes.  The  capacity  of  the  battery  equals  one 
month's  serrice;  nevertheless  the  battery  is  charged  up 
every  10  days  by  means  of  a  shunt-wound  Siemens  dynamo, 
driven  by  a  5  h.p.  gas  motor,  the  charging  current  being 
seven  amperes.  The  telegraph  authorities  of  Berlin  intend 
to  increase  the  service  by  means  of  accumulators. 

Ferranti  System  in  Fnuioe. — ^Afresh issue  of  capital, 
under  the  auspices  of  the  Banque  Commerciale  et  Indus- 
trielle,  has  been  made  by  the  Compagnie  Nationale  de 
rElectricit6  for  the  extended  exploitation  of  Ferranti 
dynamos  in  France,  of  which  it  has  the  monopoly,  and 
which  have  been  adopted  in  competition  by  the  Munici- 
pality of  Paris.  The  company  claim  the  following  advan- 
tages :  transmission  to  a  long  distance  with  but  slight  loss 
of  energy  (3  per  cent  for  eight  miles),  economy  of  80  per 
cent,  in  the  distributing  mains,  due  to  the  absence  of 
large  cables  or  special  conduits,  by  the  use  of  small  wires 
placed  in  the  ground ;  power  of  the  dynamos,  each  capable 
of  feeding  500  to  30,000  hmps,  thus  giving  economy  in 
supervision,  space,  and  maintenance ;  easy  installation  in 
cheap  sites  at  considerable  distance  from  district  of  supply ; 
economy  of  cost  and  consequent  ability  of  cheaper  supply. 
The  company  already  has  supplied  dynamos  to  Nancy, 
Havre,  Troyes,  and  several  other  towns  in  France,  and  it 
is  in  treaty  with  Nantes,  Calais,  Dijon,  Clermont-Ferrand, 
Versailles,  Caen,  Angers,  Reims,  Epemay,  and  other  towns. 
It  is  to  provide  for  the  rapid  satisfaction  of  these  towns, 
and  to  spread  the  circle  of  its  operations,  that  the  new 
issue  of  capital  has  been  made. 

Eleotrlo   Welding  and  loe  ]IEa4)lilne8.— The  ice 

famine  is  proving  a  bonanza  for  the  Thomson  Electric 
Welding  Company,  says  the  Bodon  Advtrtuer.  There  is  a 
great  demand  at  present  for  pipe  welding  machines,  with 
which  to  make  the  long  coils  of  pipe  for  artificial  ice 
machines,  for  brewery  coils,  for  sugar  refinery,  and  general 
refrigerating  purposes.  The  pipes  originally  come  in  lengths 
of  from  18ft.  to  20ft.  The  coils  are  frequently  600ft. 
to  700ft.  long.  By  old  systems  the  pipe  is  welded 
together  by  a  slow  and  laborious  process,  requiring  15 
minutes  for  each  weld,  two  blacksmiths,  and  a  dozen 
helpers,  and  a  large  space,  each  pipe  being  lifted  from  the 
forge  to  the  anvil  and  a  mandril  inserted.  There  is  often  a 
serious  loss  of  ammonia  as  a  consequence  of  imperfect  weld- 
ing. By  the  electric  process  the  welds  can  be  made  so 
homogeneous  that  there  is  no  chance  for  ammonia  to 
escape.  The  length  of  time  required  is  two  minutes  for 
each  weld,  and  all  the  help  required  is  a  man  and  a  boy. 
The  cost  of  the  old  process  is  15  cents  each ;  by  the  new, 
two  cents.  As  the  coil  is  bent  after  each  weld,  the  work 
can  be  done  in  a  very  small  space.  The  managers  of  the 
welding  company  considered  this,  next  to  shell  welding,  the 
most  important  industry  which  has  sprung  up  as  a  result 
of  the  welding  invention. 

Goiilding'8  Adjustable  Telephone  Transmitter* 

A  simple  improvement  in  the  telephone,  or  rather  its 
mounting,  has  been  designed  by  Mr.  J.  Cuthbert  Gbulding, 
of  Cardiff^  to  remove  an  inconvenience  common  to  the  pre- 
sent form  of  telephone.  This  is  to  enable  the  whole  tele- 
phonic apparatus  to  be  readily  adapted  to  anyone's  stature, 
and  to  any  position  the  user  may  be  in,  either  sitting, 
standing,  or  even  lying  down.  The  wires  are  given  con- 
siderable play,  and  the  telephone  is  placed  upon  a  carriage, 
which  slides  easily  up  and  down  hollow  brass  rails.  Inside 
these  rails  are  balances  of  the  approximate  weight  of  the 
telephone  and  its  carriage.    The  balances  are  suspended 


by  cords,  which  pass  over  pulleys  and  are  fastened 
to  the  carriage.  A  handle,  which  also  acts  aa  a  stop  and 
clamps  the  telephone  firmly  against  the  rails  at  any  re- 
quired height,  is  placed  in  the  middle  of  the  carriage. 
Several  eminent  telephone  engineers  have  inspected  this 
device,  and  have  pronounced  most  favourably  upon  it.  It  is 
considered,  besides  the  advantage  of  adaptability,  that  it 
will  obviate  all  vibration  which  generally  arises  from 
contact  with  the  wall,  and  which  is  too  often  vexations 
to  the  user  of  the  telephone.  Woodhouse  and  Bawson 
United,  Limited,  are  mab'ng  these  instruments,  and  we 
hear  that  they  are  rapidly  coming  into  favour. 

A  Discovery.— Prof .  B.  H.  Thurston  is  credited  with 
the  discovery  of  the  means  by  which  a  large,  possibly  a 
very  large,  increase  of  efficiency  might  be  made  in  steam 
engines.  At  the  Cresson  Convention  of  the  American 
Society  of  Civil  Engineers  Prof.  Thurston  read  a  paper 
upon  *<A  Practical  Method  for  Beducing  the  Internal 
Wastes  of  the  Steam  Engine."  This  method  (Patent 
382,972)  consists  in  coating  the  unfinished  interior  parts  of 
the  cylinder — ^those  not  rubbed  by  the  piston — with  a 
graphitic  non-conducting  coating,  thus  avoiding  internal 
condensation.  The  parts  are  subjected  to  a  bath  of  dilute 
sulphuric  acid  for  48  hours,  and  then  the  surfaces  are  oiled 
and  left  to  dry  for  24  hours.  The  saving  of  heat  trans- 
mitted through  the  cylinder  head  and  other  parts,  accord* 
ing  to  certain  tests  of  40  minutes  duration  he  has  publishedi 
is  40  per  cent.  The  professor  estimates,  with  what  justice 
remains  to  be  seen  (and  there  seems  a  certain  amount  of 
doubt  in  the  subject),  "that  this  simple  process  should 
reduce  the  cylinder  waste  by  at  least  one-half,  which  in 
ordinary  practice  means  from  10  to  20  per  cent  of  all 
steam  used."  Such  an  improvement  by  simple  means, 
applicable  to  all  steam  engmes  and  not  involving  any  con- 
structive changes,  would  mean  a  vast  and  important  im- 
provement— almost  a  revolution — ^in  steam  engine  practice ; 
and  it  is  to  be  hoped  that  further  researches  will  show  at 
least  some  solid  basis  for  Prof.  Thurston's  claims. 

Eleetriolty  on  Board  Ship, — "The  two-wire  system," 
says  Gilbert  Wilkes,  U.S.  Navy,  in  a  recent  paper  before 
the  American  electrical  engineers,  "  has  always  been  used 
in  the  American  naval  service ;  the  ship  is  never  allowed 
to  form  the  return  circuit.    On  account  of  the  present 
beginning  of  motor  work  on  board  ship,  and  the  future 
developments  confidently  looked  for,  the  direct  current  has 
always  been  used."    But  he  then  goes  on  to  say,  with  refer- 
ence to  electric  welding  (and  we  know  these  are  usually 
altemate-cturent  machines) — "One  electrical    application 
that  presents  many  advantages  on  board  a   man-of-war, 
especially  when  on  a  foreign  station,  is  electrical  welding. 
When,  however,  it  is  introduced  on  ship  board,  the  pressure 
of  the  generator  should  be  reduced  to  80  volts,  in  order  that 
in  case  of  emergency  it  might  be  used  for  lighting  pur^ 
poses,  and  the  welders  should  have  several  sets  of  adjustable 
clamps.    Welding  machines  have  not  yet  been  actually 
used  on  ship  board,  but  it  is  to  be  hoped  that  their  intro* 
ducUon  is  a  development  of  the  near  future.    They  cannot 
supplant  any  of  the  existing   dynamos,  owing   to   the 
necessity  of  motors,  but  must  come  in  to  occupy  a  place  of 
their  own,  to  almost  entirely  supplant  the  ship's  forge  and 
add  to  the  general  useful  equipment    Thus  an  ideal  ship 
plant  will  include  arc  lamps,  incandescent  lamps,  constant* 
potential  motors,  a  welding  generator,  and  welders.    Small 
motors,"  he  adds,  "  for  drilliiig  purposes  have,  in  the  New 
York  Navy  Yard,  almost  completely  driven  out  the  portable 
steam  engine,  countershaft,  and  belt." 
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Bleotrio  lAght  in  War.— Sir  Evelyn  Wood,  in  his 
report  on  the  night  operations  carried  out  recently  in  order 
to  test  the  value  of  the  electric  light,  says:  "Church 
Plateau  redoubt  was  occupied  by  a  company  of  infantry  and 
half  a  battery  of  artillery.  The  Lieutenant-General  and  Com* 
manding  Royal  Engineers,  who  had  charge  of  the  working  of 
the  light  and  the  defence  of  the  redoubt,  stood  near  its  front 
face,  the  observing  station  being  at  a  little  distance.  When 
the  signal-rocket  went  up  to  indicate  the  commencement 
of  operations,  three  infantry  brigades  moved  by  dijSerent 
routes  towards  the  Queen's  Parade.  The  search-light  was 
not  attempted  at  greater  distances  than  1,100,  1,200, 
and  1,400  yards.  The  march  of  the  third  brigade,  sent  pur- 
posely across  the  right  front  of  the  redoubt^  was  not  dis- 
covered by  those  in  the  redoubt,  although  seen  from  the 
observing  station.  The  first  brigade  was  never  seen  until 
close  to  the  redoubt  immediately  before  the  "  cease  fire  " 
sounded,  although  the  light  was  passed  over  it  several  times. 
There  was  considerable  difficulty  in  controlling  the  action 
of  the  light  It  was  dazzling  for  those  advancing  under  its 
gleams,  but  when  regarded  through  field-glasses  gave  no 
inconvenience.  It  also  enabled  a  fine  sight  to  be  taken  on 
rifles  at  the  heads  of  gunners  in  the  redoubt,  who  were  not, 
however,  seen  by  the  other  brigades.  The  glitter  of  sword 
scabbards  and  red  coats  rendering  discovery  easy,  indicates 
that  capes  should  be  worn  at  all  night  operations  by  at- 
tackers, and  scabbards  should  be  dulled." 

Solid  Aoewaolaton.-— The  great  field  which  is  open- 
ing for  the  use  of  storage  oells  in  txamcars,  omnibuses,  and 
hauling  locomotives  is  resulting  in  a  determined  search  for 
a  solidly  built  accumulator,  which  shall  stand  a  considerable 
amount  of  knocking  about,  both  from  vibration  arising  from 
irregularities  of  the  way  and  from  shocks  due  to  running 
against  cam  or  stopUocks,  and  from  the  shock  of  sudden 
breaking  of  the  cars.  Mr,  Beokenzaun  has  very  success- 
fully attacked  the  problem  from  the  point  of  view  of 
solidity  of  plates.  He  has  devised  a  method  of  manufacture 
which  has  in  practice  proved  a  valuable  one  for  treating  accu- 
mulators, and  sets  of  these,  in  the  colonies  and  America,  have 
done  most  excellent  work,  lasting  for  years.  Mr.  Barber- 
Starkey  and  M.  Schoop  have  each,  in  their  way,  attacked 
the  subject  from  the  point  of  view  Of  solidity  of  the  cell 
itself.  Mr.  Barber-Starkey  fills  in  the  space  between  the 
plates  with  plaster  of  Paris,  and  experiments  at  Barking 
have  tended  to  prove  that  this  may  be  a  practical  advance 
in  traction  science,  but  the  disadvantage  is  present  of 
increase  in  internal  resistance.  The  Schoop  accumulator, 
made  by  the  Oerlikon  Company,  of  Zurich,  also  has  the 
space  between  the  plates  filled  in  solid.  The  composition 
in  this  case  is  formed  of  a  gelatinous  silica,  obtained  by 
precipitating  a  solution  of  silicate  of  soda,  density  1*18, 
by  sulphuric  acid  of  density  1*25 — three  volumes  of  acid  to 
one  of  silicate.  During  the  period  of  charge  the  upper 
face  of  the  mass  of  silica  is  covered  with  a  layer  of  acidu- 
lated water,  which  disappears  during  discharge,  to  again 
reappear  on  charging.  In  this  accumulator  iJso  the  dis- 
advantage appears  to  be  the  increase  of  internal  resistance, 
and  the  capacity  is  only  three^  quarters  that  which  it  would 
be  if  the  electrolyte  were  liquid ;  but  the  possible  rate  of 
discharge  seems  to  be  considerably  higher  than  with  ordi- 
nary cells,  and  the  battery  is  not  damaged  by  a  short-circuit. 
The  work  of  practical  investigators  in  these  fields  seems  to 
promise  good  results,  and  it  will  be  the  business  of  traction 
engineers  to  encourage,  test,  and  put  to  practice  these 
forms,  and  others  when  they  are  presented,  of  so-called 
solid  storage  cells.    The  field  before  them  in  a  large  onOi 


and  if  the  attendant  disadvantages  can  be  greatly  overcome, 
the  solid  accumulator  may  prove  a  touchstone  of  fortune 
to  both  makers  and  users. 

MUmme'n  Copper. — ^The  shareholders  in  the  copper- 
depositing  company  came  in  for  a  boom  on  Monday  last, 
when  the  first  annual  meeting  took  place  and  a  dividend 
of  25  per  cent,  was  declared.  This,  it  is  hardly  necessary 
to  say,  is  not  a  dividend  for  manufacturing — not  yet, 
though  this  is  also  anticipated.  The  present  profit  consists 
principally  in  £107,111  from  the  sale  of  the  patent  to  manu- 
facture wire.  After  writing  out  or  **  placing  to  the  reserve  " 
£20,000  for  the  original  estimate  of  this  patent,  distributing 
£35,000  to  the  shareholders,  there  was  a  balance  from 
profit  and  loss  of  £40,000.  The  delay  in  manufacturing 
was  explained  as  owing  to  the  change  of  site  of  works  from 
Sheffield  to  Leeds,  where  there  is  a  canal — ^incidentally, 
the  canal  owners  have  built  a  wharf  for  them  under  cost 
price-— and  land  for  extension.  The  wire  process  has  been 
so  developed  and  proved  as  to  gain  the  confidence 
of  the  trade,  and  the  whole  possible  output  ia  con- 
tracted for  some  time  to  come  to  wire  mills  in  Birmingham. 
The  same  conciliatory  attitude  Ib  to  be  taken  with  other 
departments.  Ihey  have  started  a  first  five-ton^week 
plant  to  gain  experience,  not  only  as  to  manufacture,  but 
as  to  requirements  in  the  trade.  £8,000  have  been  spent 
in  buildings,  with  a  siding  500  yards  long,  and  the  wharf. 
Unfortunately,  the  engine,  by  one  of  the  best  makers, 
broke  down  and  a  new  engine  had  to  be  substituted. 
On  the  other  hand,  on  the  stock  of  copper,  the  price 
having  gone  up,  there  is  a  profit  of  £1,000.  The 
cost  of  manufacture  also  is  found  considerably  less 
than  estimated.  They  have  received  a  large  number 
of  orders,  more  even  tlian  the  capacity  of  their  extended 
works,  and  have  not  been  able  to  take  them  alL  Mr. 
Elmore  believed  that  in  six  months  they  would  be  able  to 
pay  a  dividend  from  manufacturing.  They  were  actually 
earning  money  at  the  present  moment  from  manufacturing. 
An  amendment  was  moved  at  the  meeting  to  carry  £30,000 
to  a  reserve  fund  and  distribute  the  balance,  but  the  share- 
holders preferred  the  cash,  and  the  25  per  cent,  will  be 
distributed  this  week. 

Weatinfflioiiao  Ssrstom  for  Banusley.— The  tender 
of  the  Westinghouse  Company  for  a  central  station  for 
Barnsleyfor  the  sum  of  £17,800  has  been  adopted.  A 
meeting  of  the  Bamsley  Town  Council  was  held  on  Tuesday 
at  the  Town  Hall,  the  Mayor  in  the  chair.  A  further 
discussion  took  place  on  the  recommendations  of  the 
Lighting  Committee  that  the  tender  of  the  Westinghouse 
Electric  Company,  for  the  construction  of  an  electric 
lighting  plant  to  Ught  the  inner  area  of  the  town  with  the 
electric  light,  such  estimate  amounting  to  £17,800,  with 
other  expenses  making  it  £18,500,  be  accepted.  Mr.  Baley 
resumed  the  debate  adjourned  from  last  meeting,  ui^ng 
that  for  cleanliness,  healthfulness,  and  purity  the  electric 
light  was  preferable  to  gas,  and  because  the  people  wanted 
it  they  ought  to  have  it,  and  he  contended  that  in  the 
course  of  a  short  time  it  would  pay.  Alderman  Tyaa 
submitted  that  the  recommendation  was  premature,  and 
moved  that  the  tender  of  the  Westinghouse  Company  be 
not  accepted,  but  that  the  question  be  referred  back  for 
further  consideration.  The  scheme  was  incomplete,  did 
not  get  rid  of  a  monopoly,  would  increase  the  cost,  and  by- 
and-by  they  should  have  some  improvement.  Alderman 
Marsden  seconded  the  amendment,  and  in  doing  so  sub 
mitted  that  the  estimates  which  had  been  made  were  not 
reliablei  and  instancing  the  case  of  gas  where  Mr.  HaWkes 
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ley  had  informed  the  gas  company  that  they  could  put 
down  a  plant  for  from  £4,000  to  X9,000,  but  it  had  cost 
five  times  that  amount  He  suggested  that  an  attempt 
should  be  made  to  purchase  the  gas  works,  and  said  that 
the  gsis  company  would  meet  them  courteously  if  they  made 
such  proposals.  He  would  not  give  any  price  that  was 
asked,  but  would  appoint  valuers,  with  an  umpire,  to  decide 
the  [Hice,  and  if  necessary  would  take  compulsory  powers. 
He  uiiged  that  the  electric  light,  where  it  had  been  used, 
had  not  been  successful,  mentioning  Barnet,  Leamington, 
and  Taunton,  the  cost  being  much  greater  than  that  of  gas. 
Mr.  K  Bailey  pointed  out  that  this  was  no  estimate,  but  an 
actual  tender,  and  private  companies  were  making  a  profit 
by  supplying  the  electric  light  where  gas  was  Is.  lOd.  per 
thousand,  whilst  here  gas  was  3s.  4d.  per  thousand.  He 
showed  by  a  calculation  of  his  own  payments  for  gas  that 
the  cost  would  be  little,  if-  any,  more  per  light  per  annum 
for  the  electric  light  than  was  paid  for  gas  in  Barnsley  at 
38.  4d.  per  thousand.  Other  speakers  followed  on  the  same 
side,  and  the  recommendation  of  the  committee  was  finally 
adopted,  after  a  four  hours'  debate,  by  15  to  five. 

Xleotrolysis  of  Tomonrs.— Dr.  Abrath,  of  Sunder- 
land, has  for  some  years  been  experimenting  with  instru- 
ments for  the  electrolysis  of  diseased  parts  of  the  human 
body.    In  a  recent  letter  in  the  HospiUd  Oazetie  Dr.  Abrath 
states,  with  regard  to  tumours,  cancerous  or  otherwise, 
that  he  has  removed  these  with  ease  by  electricity  where 
DO  surgical  interference  with  the  knife  was  possible— ^ases 
which  have  baffled  all  medical  and  surgical  treatment,  in  - 
eluding  liniments  or  injections.    More  than  a  dozen  cases 
of  lai*ge  tumours  of  the  head,  neck,  and  throat  he  has  first 
had  photographed  in  their    diseased    state.      Grown-up 
people  who  had  been  under  hospital  treatment  and  dis- 
missed incurable,  have  escaped  the  horrors  of  suffocation 
or  other  miserable  death.    These  he  has  also  had  photo- 
graphed   in    their    perfectly    cured    state    after    electric 
treatment.    Further,  he  has  a  case  of  a  large  scirrhus 
cancer   in    front    of   and  above    the  ear,   invading    the 
external  ear,  and  extending  deep  downwards  into  the 
neck — ^a  most  remarkable  one,  the  patient  being  a  sea-faring 
man,  aged  69,  and  whose  mother  died  of  cancer  of  the 
breast  at  the  age  of  75.    This  growth  he  removed  by  elec- 
trolysis, and  the  man  is  now  going  to  sea  again.     This  it 
would  have  been  impossible  to  remove  with  the  knife.  The 
doctor  mentions  cases  of  deafness,  and  gives  a  long  list  of 
diseases  which  he  maintains  can  be  successfully  treated 
by  electricity.    Dr.  Abrath  states  many  good  results  that 
have  followed  his  operations  on  cancerous  breasts  with  the 
knife,  but  he  advocates  the  use  of  electricity  in  preference  to 
the  knife.   The  latter  only  removes  the  cancer  as  far  as  the 
knife  goes,  while  the  electric  current  will  kill  the  cancer 
cells  beyond  where  the  knife  can  go.    He  further  asserts 
that  it  is  an  established  fact  that  hsemorrhage  and  shock  are 
more  or  less  prevented  with  the  use  of  electrolysis,  and 
sceptkoBmia  or  py<emiaj  which  often  follows  removal  with  the 
knife,  is  nearly  always  avoided.     *'  At  the  same  time,"  he 
says,  "  let  no  one  think  that  I  hold  up  electricity  as  a  panacea 
fortheeureof  all  ailments  to  which  the  human  frame  isliable. 
In  many  cases  we  may  try  its  application  in  vain,  but  taking 
it  on  the  whole,  and  the  practical  results  emanating  from 
the  use  of  the  remedy,  it  puts  in  many  instances  all  other 
therapeutical  agents  in  medicine,  surgery,  midwifery,  and 
gynaecology  into  the  shade,  and  it  cannot  be  too  often  re- 
peated that  in  the  hands  of  a  scientific  and  practical  elec- 
trician it  is  a  very  safe  remedy."  The  subject  is  not  exactly 
in  our  line— it  is  more  a  medical  than  an  electrical  problem  ; 


but  as  an  illustration  of  the  application  of  electric  science  to 
surgery  the  treatment  of  diseased  parts  by  electrolysis  can- 
not fail  to  be  generally  interesting,  and  in  the  future  pos- 
sibly widely  adopted  in  the  medical  profession. 

Saunderson's  Hydro-Carbon  Arc  Ught. — ^A  public 
display  of  arc  light,  in  which  Saunderson's  cored  and  vase- 
lined  carbons  are  burnt,  has  now  been  made  at  Waterloo 
Station  for  some  six  weeks — since  May  27  until  last  Satur- 
day— and,  as  we  noticed  last  week,  the  results  have  proved 
highly  satisfactory.  On  Thursday  evening,  24th  inst.,  we  went 
to  Waterloo  to  examine  the  new  light  in  actual  work.  One 
of  the  arc  lamps  inside  the  new  station  was  burning  with 
the  new  carbons,  and  two  others  near  it  with  the  ordinary 
carbons.  The  whole  of  the  lamps  were  worked  in  series, 
each  lamp  consuming  the  same  energy,  or  so  nearly  that 
the  difference  must  be  quite  fractional.  We  found  the 
light  exceedingly  white,  slightly  more  inclining  to 
yellow  than  the  other  lamps,  and  the  apparent  focus 
both  looked  more  brilliant  and  larger  and  the  general 
illumination  of  the  globe  more  brilliant  than  either  of 
the  other  two— Ksertainly  having  the  api)earance  of  a  far 
stronger  lamp.  This  was  the  first  effect  to  the  eye. 
We  then  made  some  rough  but  practical  tests  upon  the 
strength  of  light  It  would,  of  course,  be  quite  impractic- 
able without  special  apparatus  to  take  a  photometric  test  in 
a  place  like  Waterloo  Station  to  compare  with  the  exhaus- 
tive experiments  and  results  by  Dr.  Hopkinson,  which  have 
already  been  given.  In  these  it  will  be  remembered  that 
taking  the  best  light  obtainable  with  ordinary  carbons  as 
unity,  the  new  light  was  found  to  be  1*88,  or  nearly  double, 
using  rather  less  energy;  and  calculating  the  amount 
of  light  due  to  the  difference  in  energy,  the  light  from 
the  new  carbons  was  rather  more  than  double  that  from  the 
beet  ordinary  carbons  obtainable.  Our  tests  in  the  station 
consisted  in  pacing  the  distance  between  two  lamps  until 
the  shadows  were  equal,  or  again  till  the  light  on  the  two 
sides  of  white  paper  was  appreciably  the  same.  It  must  be 
mentioned  that  the  new  lamp  was  by  itself,  to  one  side,  so 
that  the  light  from  other  lamps  could  not  help  it,  but 
rather  the  reverse.  The  light  was  appreciably  equal  at 
13  paces  from  the  new  and  nine  paces  from  the  ordinary 
lamp,  again  at  15  and  11  paces,  a  result  which,  taking 
the  square  of  the  distances,  indicates  the  strength  of  the 
light  to  be  practically  double  that  of  either  of  the  other  two. 
Several  tests  were  taken  with  different  lamps  and  at 
different  times  during  the  evening,  and  although  the  tests 
were,  as  we  have  said,  necessarily  approximate,  yet  the 
general  average  should  come  somewhere  near  the  truth. 
One  series  showed  an  average  of  1*9,  and  with  another 
lamp  2-1,  certainly  confirming,  for  practical  purposes.  Dr. 
Hopkinson's  report  that  the  new  light  may  be  taken  to  be 
double  that  of  the  old  for  the  same  energy  expended.  We 
trust  those  who  have  to  do  with  arc  lighting  will  also  test 
the  new  carbon  and  publish  the  result.  We  think  there 
should  be  a  great  future  before  this  invention,  and  heartily 
wish  the  inventor  the  success  it  deserves.  It  is  not 
intended  to  disturb  any  of  the  lamp  interests  now  estab- 
lished, as  the  new  carbon  can  be  adopted  for  any  lamp 
equally  with  the  old  carbons.  It  will  not  be  found  neces- 
sary to  make  any  alteration  of  the  lamp,  or  if  in  some  special 
patterns  a  modification  should  be  required  it  would  be  of 
the  simplest  and  most  inexpensive  kind  for  the  carbon 
holders.  Large  carbons  are  being  prepared  for  the  heavy 
projectors,  and  great  interest  is  being  taken  in  the  matter 
by  the  lighthouse  authorities,  but  it  is  to  the  ordinary  oom- 
mercial  type  to  which  we  refer  in  this  notice. 
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THE  ETHER  THEORY  OF  ELECTRICITT. 


AN  INTERVIEW  WITH  MR.  J.  JOHNSTONE. 

At  the  meeting  of  the  Institution  of  Electrical  Engineers 
at  Edinburgh,  notice  was  given  by  the  secretary  that 
a  letter  had  been  received  from  Mr.  J.  Johnstone, 
of  Merchiston-park,  Edinburgh,  the  author  of  a  recent 
work  upon  the  "Ether  Theory  of  Electricity,"  inviting  any 
of  the  members  to  his  laboratory  at  8,  Dalhousio-terrace, 
to  inspect  the  apparatus  and  witness  the  experiments 
described  in  his  book  bearing  upon  the  theory  of  elec- 
tricity. As  the  time  of  visitors  was  limited  and  there 
was  much  to  be  seen  at  the  exhibition,  it  seemed  very 
probable  that  none  of  the  members  would  be  able  to  avail 
themselves  of  this  offer,  and  our  representative  therefore 
made  a  special  effort  to  call  upon  1^.  Johnstone  so  as  to 
be  able  to  give  our  readers  some  idea  of  the  said  experi- 
ments and  the  theories  put  forward.  There  seems  to  be  a 
floating  idea  that  Mr.  Johnstone,  whose  book  was  recently 
mentioned  by  Prof.  Oliver  Lodge,  has  done  some  special 
work  and  promulgated  some  special  theories,  but  exactly 
what  these  were  did  not  seem  to  be  clear.  It  was,  there- 
fore, with  some  interest  that  we  called  upon  Mr.  Johnstone. 
Mr.  Johnstone  is  now  an  old  man — his  earliest  experi- 
ments date  from  1839 — white-haired,  and  though,  with  the 
necessity  of  using  a  strong  magnifying  glass  in  reading,  is 
most  earnest  and  enthusiastic  in  his  wo&  and  experiments. 
He  dwells  in  one  of  the  large  commodious  8tone4>uiIt  houses 
on  the  brow  of  the  hill  overlooking  the  exhibition,  and 
although  the  hour  was  yet  earlv  for  London  people,  he  was 
preparing  to  retire,  to  rise  at  four  the  next  morning  and 
prosecute  his  experiments.  His  house  is  in  Merchiston-park, 
quite  close  to  the  classic  site  where  dwelt  Napier  of 
Merchiston,  the  inventor  of  logEurithms. 

Briefly,  the  matter  Mr.  Johnstone  has  in  hand  is 
this :  It  is  purely  a  question  of  scientific  interest,  of 
electrical  theory,  and  priority  of  discovery  of  facts  which 
will  or  may  lead  to  important  results  in  teaching  and 
possibly  in  practice.  He  is  in  entire  antagonism,  in  the 
first  place,  to  Faraday's  conception  that  in  the  Leyden  jar 
the  glass  molecules  are  in  a  state  of  tension  between  two 
electricities.  He  is  of  opinion  that  a  direct  discharge  or 
current  takes  place  actually  through  the  glass  until  such 
time  as  the  potential  of  charge  rises  too  high,  when  the 
flow  is  by  some  means  suddenly  choked,  and  the  electricity 
accumulates  potential,  whereupon  the  Leyden  jar  is 
charged,  and  a  spark  or  air  discharge  between  the  inner  and 
outei  coating  can  take  place.  From  this  standpoint  of 
what  occurs,  oased  upon  experiments  to  be  mentioned,  Mr. 
Johnstone  argues  electricity  to  be  a  single  entity  or  sub- 
stance, and  neither  a  force,  nor  two  electricities,  or  two 
states  of  that  electricity. 

The  experiments  areas  follows :  In  the  first  place,  the  whole 
series  depends  upon  the  discovery  made  by  Mr.  Johnstone, 
in  1839,  that  an  insulated  gas  flame  affords  the  best  test  of 
the  direction  of  static  electrical  currents.  A  chemist's 
dropping-tube  is  attached  first  to  a  gas  tap,  and  then  bv  a 
flexible  tube  to  the  main ;  the  flame  upon  this  being  thus 
insulated  is  found  to  be  directed  or  blown  to  one  side  or 
the  other  on  interposing  it  between  points  on  a  static  cir- 
cuit, and  becomes  an  invaluable  and  infallible  test  for 
direction  of  current ;  the  tendency  of  the  electrified  mole- 
cules of  the  air  being  no  doubt  the  cause  of  this.  Continued 
tests  having  finally  determined  the  insulated  flame  as  a  con- 
stant indicator  of  current  direction,  the  flame  was  inter- 
posed in  the  ground  circuit  or  negative  side  of  a  friction 
machine.  Instead  of  a  negative  current  flowing  from  the 
machine,  the  flame  shows  a  positive  current  towards  the 
machine,  a  sufficiently  interesting  experiment.  The  direc- 
tion can  thus  be  easily  tested  of  the  Holtz  or  Wimshurst 
machines. 

Now  for  the  Leyden  jar.  The  jar  is  laid  on  its  side,  with 
the  inside  coating  connected  to  one  pole  of  the  machine ; 
the  outside  coating  has  a  pointed  wire  attached  to  it  and 
facing  another  point  put  to  earth.  If  now  the  machine  be 
gently  turned,  the  jar  is  electrified.  In  ordinary  accepta- 
tion the  positive  charge  accumulates,  while  the  excess 
negative  charge  disappears  to  earth.  What  happens,  how- 
ever, tested  by  the  flame,  is  that  a  steady  current  passes, 


apparently  (and  so  considered  by  Mr.  Johnstone  as  correct 
in  theory)  directly  through  the  molecules  of  the  glass. 
This  current  can  be  maintained  hour  by  hour,  day  bv  day, 
or  week  by  week,  passing  constantly  through  the  glass,  if 
the  potential  be  not  raised  too  high.  On  working  the 
machine  at  a  higher  potential,  however,  a  change  appears. 
The  current  as  shown  by  the  test  flame  suddenly  ceases ; 
the  electricity  seems  theoretically,  by  excess  of  potential,  to 
choke  in  the  pores  of  the  glass  and  none  can  pass.  The 
charge  accumulates  and  the  jar  is  chaiged,  and  a  spark 
passes.  But,  maintains  Mr.  Johnstone,  not  through  a  state 
of  strain  of  the  molecules  between  two  electricities,  but 
by  some  inherent  change  in  the  attraction  of  cohesion  of  its 
particles,  the  frictional  machine  all  along  acting  merely  as 
a  pump  for  one  kind  of  electricity ;  and  this  electricity,  says 
Mr.  Johnstone,  an  ethereal  substance,  and  not  a  state  of 
motion. 

This  change  of  the  attraction  of  cohesion  by  electrical 
effect  Mr.  Johnstone  most  strikingly  shows  in  a  further 
experiment.  Two  sheets  of  patent  glass,  size  13in.  by  lOin., 
are  both  coated,  one  upon  the  upper  and  the  other  on  the 
lower  surface,  with  a  square  decimetre  of  tinfoil  in  the 
centre  of  each.  The  two  glass  surfaces  are  then  rubbed 
together,  when,  with  the  natural  cohesion  of  smooth  sur- 
faces, they  stick  somewhat  together.  This  attraction  of  the 
upper  upon  the  lower  can  be  measured  by  weighing  in  a 
balance  first  ihe  actual  weight  of  the  glass  only,  and  then 
with  the  natural  cohesion.  The  excess  weight  with  cohe- 
sion is  found  to  be  some  two  or  three  grains.  Now,  if  the 
two  surfaces  of  tinfoil  be  electrified,  the  following  astonish- 
ing result  is  obtained :  the  attraction — or  the  electrical 
cohesion — is  found  to  have  risen  to  the  amount  of  1,650 
grains ;  Grerman  plate,  British  plate,  and  other  makes  yield 
figures  varying  from  1,100  down  to  400  grains.  Recent 
experiments  seem  to  show  that  successive  charges  show  a 
diminution  in  electrical  cohesion  on  second  and  third 
charges  in  the  ratio  of  1,020, 1,000,  and  800  grains — a  point 
which  will  bear  further  investigation. 

Experiments  have  also  been  made  with  the  thinnest 
Florence  flasks  up  to  thick  glass,  tested  by  the  flame,  all 
tending  to  show  that  a  steady  current  can  be  made  to  pass 
directly  through  glass.  Mr.  Johnstone  has  shown  his 
experiments  recently  before  the  professors  and  students  at 
one  of  the  colleges  in  Glasgow,  greatly  to  their 
interest.  He  considers  that  the  experiments  published 
by  him  have  demonstrated  facts  hitherto  not  acknow- 
ledged, and  that  the  teaching  of  theoretical  statical  electrical 
science  in  the  schools  should  be  modified  in  accordance 
with  these  facts. 


SOME  CHIEF  FEATURES,  MAINLY  ELECTRICAL, 
OF  THE  EDINBURGH  INTERNATIONAL  EXHIBI- 
TION, 1890.* 

BT   DR.   WALHSUCT. 

{Concluded  from  poffe  8L) 

Considering  the  position  of  the  exhibition,  it  is  but  natural  that 
most  of  the  exhibitors  of  dynamos  and  engines  should  include  a 
set  of  ship  lighting  plant  amongst  their  other  exhibits.  For  the 
conyenience  of  those  visitors  who  are  interested  in  this  branch  of 
electrioal  work,  I  have  embodied  in  Table  A  a  few  particnitf s  of 
the  different  combinations  that  are  open  to  their  inspection.  In 
the  last  column  I  have  calculated  as  being  of  some  interest  the 
number  of  watte  available  in  the  outer  current  per  square  foot  of 
floor  space  occupied.  Of  course,  I  do  not  mean  to  imply  that  this 
is  the  only  or  even  the  most  important  thing  to  be  considered  in 
selecting  ship  lighting  plant,  but  it  is  interesting  as  showing  what 
can  be  done  in  this  direction.  In  comparing  these  numbm  the 
steam  pressures  ^ven  in  another  column  must  not  be  overlooked. 

The  only  purdy  American  lighting  exhibit  is  a  30  arc  light 
dynamo,  together  with  30  arc  lamps,  of  the  NVestem  Eleccrio  Ck>m- 
pany,  of  Chicago.  The  dynamo  is  regnilated  for  constant  current 
by  a  com{>licatod  mechanism,  which  alters  the  lead.  Some  of  our 
visitors  will,  1  think,  be  interested  if  they  will  compare  various 
details  connected  with  this  machine  with  English-built  machines. 
The  switch  that  is  to  open  a  900- volt  circuit  is  worth  more  than  a 
passing  glance.  The  lamp  is  a  well-made  and  simple  clutch  lamp. 
Perhaps  the  only  special  point  about  Its  mechanism  is  the  very 
small  amount  of  travel  and  the  strong  pull  required  on  the  arma- 
ture of  the  series  magnet  u>  strike  the  arc.    It  is  to  be  fed  with  a 

*Paper  read  before  the  meeting  of  the  Institution  of  Eleotrioid 
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eystem.    The  time  taken  to  make  the  round  trip  is  3*8  minutes,  so 
that  the  average  speed  attained  is  about  four  miles  per  hour. 

The  power  required  is  supplied  from  a  Statter  dynamo  in  the 
Machinery  Hall,  on  the  stand' of  the  Electrical  Bng^eering  Corpo- 
ration, who  have  constructed  the  line.  This  dynamo  is  of  tne  well- 
known  angle-magnet  type,  is  compound-wound,  and  capable  of 
giving  240  amperes  at  110  volts,  so  that  there  is  an  ample  margin 
between  its  possible  output  and  the  power  required.  No  tMts 
have  yet  been  made  of  the  economy  of  tne  system. 

The  power  for  the  electric  railway  is  generated  by  two  Stockport 
gas-engines,  each  of  16  nominal  horse-power.  These  drive,  from  a 
countershaft,  two  Statter  shunt-wound  dynamos  connected  in 
series  and  each  capable  of  giving  90  amperes  at  150  volts.  The 
current  is  conveyed  to  the  cars,  of  which  there  are  two,  bv  means 
of  trailing  contacts  running  along  a  light  overhead  phosphor 
bronxe  wire  of  No.  1  S.W.G.  ;  the  return  is  through  the  rails, 
where  the  fishplates  are  backed  with  lead  ,to  give  continuity. 
The  current  passes  to  a  switch  and  through  an  adjustable  wire 
gauze  resistance  underneath  the  car  to  a  shunt-wound  Statter 
motor  of  the  single-magnet  type.  The  brushes  are  end  on  to  the 
oommutaton  and  the  motion  is  reversed  by  reversing  the  current 
in  the  field-magnets  by  means  of  a  second  switch.  As  the 
motor  at  full  speed  runs  at  1,200  revolutions  it  is  geared  down  to 
the  driving  wheels  by  two  steps  of  helical  gearing.  The  track  is 
three-quarters  mile  loxi^,  has  two  sharp  curves,  and  at  one  place 
has  a  gradient  of  1  in  S).  The  cars  are  ordinaiy  light  tnuncars, 
carrying  28  passengers.  It  would,  therefore,  appear  desirable  to 
make  some  exact  experiments  on  the  efficiency  of  the  working. 
I  should  mention  that  the  ^ectrical  part  of  the  railway  has  been 
carried  out  by  the  Electrical  Engineering  Corporation.  The 
same  company  also  exhibits  three  constant-ourront  motors  with 
centrifugal  governors,  which  are  to  be  driven  from  a  oonstant- 
ourrent  dynamo  which  is  regulated  to  give  a  current  of  55  amperes 
with  an  E.M.F.  up  to  750  volts. 

In  various  parts  of  the  exhibition  there  are  quite  a  number  of 
exhibits  requiring  a  small  amount  of  power  which  are  driven  by 
electric  motors,  a  fact  which  shows  that  the  electric  transmission 
of  power  is  becoming  better  known  and  appreciated  by  small 
msers. 

The  Electric  Construction  Corporation  exhibit  an  accumulator 
tramcar,  which  shows  the  method  of  rapidly  changing  the  cells. 
These  are  06  in  number  in  12  blocks  of  eight  each,  each  block 
automatically  making  contact  with  the  car  conductors  as  it  is 
slipped  into  its  pbioe.  Specimens  of  the  oeUs  used  are  exhibited, 
and  a  motor  bogie  completely  fitted  is  shown  separate  from  the 
car.  ^  The  motor  has  block  brushes  and  is  geared  down  with  helical 
gearing.  The  same  corporation  shows  specimens  of  special  boat 
cells  and  small  cells  for  railway  lighting,  and  has  recently  put  on 
its  stand  a  Sprague  motor  with  the  gearing  usually  employed  in 
America  for  tramway  traction  under  the  Sprague  system. 

In  the  French  Court  an  example  of  Uie  electric  transmission  of 
power  is  exhibited  in  the  shape  of  an  electric  capstan,  which  is 
now  used  throughout  the  system  of  the  Northern  Railway  of 
France.  The  Hulairet  motor  employed  is  driven  from  accumu- 
lators of  the  Laurent-Cihr  type.  Another  Hillairet  motor  is  shown 
fixed  between  the  rails  of  a  railway  for  the  purpose  of  moving  over 
the  points.  Two  solid  drums  are  keyed  to  the  ends  of  the  motor 
shaft,  each  bearing  on  its  surface  a  smgle  complete  turn  of  a  spiral 
groove  of  large  pitoh.  The  pointe  are  moved  by  pins  running  in 
these  grooves,  and  a  single  turn  of  the  motor  armature  is  sufficient 
to  throw  the  pointe  over,  the  current  being  broken  as  soon  as  they 
are  put  over.  In  these  circumstances  it  is  difficult  to  grasp  the 
special  advantage  of  employing  a  relatively  costly  electric  motor 
to  give  this  turn.  The  system  is,  however,  being  practically 
triM  on  the  Northern  Railway  under  M.  Sartsoux,  the  engineer. 

MeASURINO  iNSTBUMElfTS. 

Although  several  well-known  makers  of  measuring  instrumente 
are  not  directljr  exhibiting,  they  are  indirectly  represented  by  their 
instrumente  being  in  actual  use  in  various  parte  of  the  exhibition. 

There  are,  however,  several  good  exhibite  of  electrical  instru- 
mente as  such.  The  first  place  undoubtedly  belongs  to  the  case  in 
which  Mr.  James  White  exhibite  Sir  William  Thomson's  latest 
forms  of  current  and  voltmeters.  These  have  been  already  so  well 
described  to  the  Institution  that  it  la  quite  unnecessary  for  me  to 
enter  into  deteils.  Amongst  the  balances,  however,  one  may 
notice  a  composite  balance,  which  was  not,  if  I  remember  rightly, 
shown  when  Sir  William  Thomson  read  his  paper  before  the  Insti- 
tution. This  balance  will  either  measure  currente  from  "02  to  900 
amperes,  or  power  from  100  to  25,000  watte  at  100  volte. 

A  very  complete  set  of  rProf.  James  Blyth's  ingenious  measuring 
instrumente  is  also  shown.  These  have  been  fully  described  in 
the  columns  of  the  technical  journals  as  they  have  been  brought 
out  from  time  to  time  during  the  last  seven  or  eight  years,  but  as 
many  of  my  hearers  have  probably  not  seen  the  actual  instrumente 
I  think  it  would  be  well  for  them  to  toke  this  opportunity  of 
inspecting  them. 

Messrs.  Latimer  Clark,  Muirhead,  and  Co.,  Messrs.  Paterson 
and  Cooper,  and  Messrs.  Woodhouse  and  Rawson  exhibit  their 
various  well-known  types  of  instrumente. 

In  the  French  section  Messrs.  Richard  Fr^res  show  several  inte- 
resting forms  of  registering  ampere-meters  and  voltmeters,  and  an 
eneine-room  ampere-meter  with  a  corresponding  voltmeter  having 
dials  14in.  in  diameter.  The  well-known  Deprez  and  Carpentier 
instrumente  are  also  exhibited. 

In  the  same  section  there  are  to  be  seen  several  specimens  of  the 
Cauderay  and  Cauderay-Fraser  joulemeters.  In  the  latter  of  these 
ingenious  instrumente  the  series  coil  is  fixed  and  the  shunt  coil 
pivoted.  The  latter  carries  a  long  Dointer,  which  tekes  up  a  defi- 
nite position  for  a  definito  ftmount  ot  power  used.    The  Qua  of  this 


pointer  reste  on  a  flat  cam,  which  is  turned  once  round  by  the 
counting  mechanism  in  a  definite  time,  depending  on  the  volte 
used,  the  position  of  the  pointer  determining  during  what  fraction 
of  this  time  it  shall  rest  upon  the  plate.  The  counter  mechanism  is  such 
that  the  finger  on  the  dial  only  moves  forward  whilst  the  pointer 
reste  on  the  plate,  and  thus  the  watte  are  integrated.  With  an 
instrument  like  this  it  is,  of  course,  necessary  that  the  power  to  be 
integrated  should  not  be  subjected  to  continual  rapid  nuctuations. 
Messrs.  Schuckert  and  Co.  exhibit  a  series  of  tneir  well-known 
ampere-meters  and  voltmeters,  measuring  up  to  1,000  amperes 
and  1,000  volte  respectively. 

Telephones,  arc. 

The  telephone  exhibite  do  not  offer  many  striking  novelties  for 
comment.  The  exhibit  of  the  Consolidated  Telephone  Constmc- 
tion  Company  is  close  to  the  entrance  of  the  French  Court,  In 
which  there  are  displays  of  the  telephone  productions  of  the  French 
General  Telephone  Company,  and  of  several  private  firms.  The 
visitor  can  therefore,  within  a  small  compass,  compare  the  instru- 
ments produced  under  the  close  monopoly  which  prevails  in  this 
country  with  those  which  are  the  outcome  of  tne  oompetition 
between  these  various  French  firms. 

An  ingenious  automatic  switchboard  with  transmitter,  reoeiver, 
ete.,  is  shown  by  the  Consolidated  Company.  It  should  be  of 
great  service  to  hotels,  works,  warehouses,  etc.,  which  require  the 
use  of  several  telephones  without  the  expense  of  an  exchange  instal- 
lation. The  user  of  any  board  can  ring  up  and  converse  with  who- 
ever is  at  any  one  of  the  other  boards,  and  the  mere  act  of  hanging 
up  his  receiver  when  he  has  finished  with  it  clears  the  line. 

The  National  Telephone  Company  idso  display  a  few  exhibite, 
amongst  which  is  a  Bennett's  telephone  transformer,  or  translator, 
as  it  is  called.  This  is  very  interesting,  from  the  fact  that  a  closed 
magnetic  circuit  is  used,  and  is  found  m  pracUoe  to  be  better  than 
an  open  circuit.  It  can  be  used  both  to  ring  up  and  to  talk 
through,  whereas  the  older  form  was  not  applicable  to  both 
purposes. 

As  regards  long-distance  telephony,  some  of  our  visitors  may  be 
interested  to  hear  that  th^  can  talk  through  from  the  exhibition 
to  Aberdeen,  a  distance  of  200  miles,  also  to  Kiwick  on  the  south, 
and  to  Glasgow,  Ayr,  and  GreenodE  on  Uie  west.  In  ftust,  the  net- 
work of  trunk  lines  for  central  Sootlsjid  is  fairly  complete,  as  may 
be  seen  by  the  map  which  I  have  here. 

In  the  French  Court,  amongst  several  handsome  exhibite,  there 
is  one  of  the  "  roses  "  used  for  separating  the  different  subscribers' 
wires,  as  they  are  led  into  the  Central  Stetion,  in  Paris,  from  the 
cables  which  run  along  the  sewer  oanals. 

MiSGELLAKBOns. 

It  was  originally  my  intention  to  have  devoted  a  section  to  the 
various  purposes  for  which  electric  signalling  is  employed  as  dis- 
tinct from  tne  interchange  of  correspondence  or  telegraphy.  This 
would  have  included  railway  and  ship  signalling  and  working,  fire 
alarms,  watchman's  tell-tales,  and  so  forth.  My  paper,  however, 
has  already  extended  to  a  length  which  I  am  airaid  must  have 
strained  the  patience  of  my  hearers  almost  to  the  breaking  point, 
and  I  must  tnerefore  be  content  to  inform  those  Intereetea  in  this 
important  branch  of  electrical  development  that  they  will  find  in 
the  exhibition  good  exhibite  of  the  most  recent  devices  in  actual 
operation.  I  may  perhaps  specially  direct  their  attention  to  the 
exhibite  of  the  London  and  North- Western  Railway  Company, 
the  Great  Western  Railway  Company,  the  Eastern  Tele- 
graph Company,  Messrs.  Woodhouse  ana  Rawson,  and  Messrs. 
Cox- Walker  and  Co.  I  must,  however,  ask  you  to  bear 
with  me  a  moment  longer  whilBt  I  refer  to  an  interesting 
application  of  alternating  currente  by  Mr.  Rankin  Kennedy.  It 
is  an  *< electrical  heater"  in  the  shape  of  a  transformer.  The 
primary  coil  is  partly  surrounded  by  a  laminated  iron  core  of  the 
usual  shape,  but  the  magnetic  circuit  is  completed  by  the  metal  of 
a  *'  flat-iron."  This  metel,  it  is  needless  to  say,  Is  not  laminated, 
and  therefore  forms  the  secondary  circuit,  becoming  well  warmed 
when  an  alternating  current  of  50  amperes  flows  through  the 
primary  coil. 

Finally,  I  must  not  omit  to  mention  that  the  turrete  at  the 
main  entrance  and  the  lai>ge  hall  are  protected  from  lightning  by 
a  network  of  conductors  devised  by  Dr.  Lodge.  A  No.  5  iron 
wire  is  run  up  each  of  the  four  comers  of  the  turrete,  and  Is 
firmly  soldered  at  ite  lower  end  to  the  water-pipes.  At  intervals 
the  four  wires  in  each  turret  are  connected  by  horizontal  wires,  so 
as  to  form  a  complete  network ;  connecting  wires  are  also  carried 
across  the  front  between  the  turrete.  From  one  of  these  two,  No. 
8,  iron  wires  are  run  along  the  ridee  of  the  roof  of  the  hall,  and 
connected  at  intervals  to  tne  sheet  anc  used  for  roofing  purposes  ; 
the  ends  of  these  wires  are  carried  down  the  back  of  the  hall, 
and  firmly  soldered  to  a  good  earth  plate,  as  there  were  no  water- 
pipes  available  at  that  end  of  the  hall.  One  is  inmost  tempted  to 
express  a  wish  that  we  may  have  a  good  tropical  thunderstorm 
before  the  close  of  the  exhibition. 


THE  LINEFF  SYSTEM. 


The  appendix  to  Mr.  Kapp's  report^  referred  to  in  our 
last  issue,  gives  the  data  upon  whicn  he  founds  his  conclu- 
dons,  and  reads  as  follows  : 

The  teste  upon  which  my  report  is  based  were  made  on  the  29th 
tflxd  90th  of  May,  and  the  3ra,  10th,  and  Uth  of  June,  1890.    I 
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deal  in  this  appendix  with  the  varioos  points  in  the  same  order  in 
which  they  occur  in  the  report. 

SAnrrr  to  the  Public. 

The  extent  of  **  charged  rmon  "  on  the  insulated  rail  was  tested 
in  the  following  manner  :  The  positive  lead  feeding  the  glow 
lamps  on  the  oar  was  disconnected  from  the  main  positive  terminal, 
snd  connected  to  a  flexible  oondaotor  terminating  with  a  contact 
piece  or  pilot  brush.  The  latter  was  attached  to  a  wooden  bar,  which 
could  be  set  so  that  contact  was  made  wiUi  the  insulated  rail  at  any 
given  distance  from  the  centre  of  the  car.  When  the  point  of  con- 
tact was  on  a  charged  or  "Uve"  ndl  the  lamps  lighted  up ;  when  on 
a  "  dead  "  rail  they  remained  dark.  By  varyine  tne  distance  of  con- 
tact it  was  thus  easy  to  ascertain  the  extent  ox  the  charged  rmrion 
on  either  side  of  the  centre  of  the  oar.  I  found  that  the  lengui  of 
charged  region  varies  at  different  points  of  the  line,  which  may  be 
due  either  to  a  variation  in  the  thidmess  of  the  hoop  iron  (this 
being  of  two  different  gauges  on  the  line),  or  to  a  variation  in  the 
thickoees  of  its  zinc  coating,  which,  if  too  thin,  would  not  allow 
tbe  hoop  to  drop  instantly.  I  also  found  that  there  was  some  uncer- 
tainty in  the  lamp  test  if  the  contact  between  the  pilot  brush  and 
U?e  nil  lasted  only  a  fraction  of  a  second.  In  such  cases  the  lamp 
filaments  had  not  time  to  become  so  hot  as  to  be  distinctly  visible, 
and  I  replaced  in  subsequent  testa  tibe  lampe  by  an  electric  bell, 
which  gave  indications  ^th  contacts  of  so  short  duration  as  to 
oKape  detection  by  the  lamp  test.  The  results  of  these  tests, 
which  were  made  at  various  speeds  and  over  a  oontinnous  pieoe  of 
line  68ft.  long,  are  given  in  the  following  table : 

Extent  of  charged  region  behind  Speed  in  miles  per  hour, 

the  oentre  of  the  car.  13  7 

7fsst6inQhee live  live  live 

8  „   3      ,,     live  live  live 

8  „   6      live  live  live 

9  „  0   , .>....  dead  dead  dead 

9  „  6   » dead  dead  dead 

10  ..  0   »>  dead  dead  dead 
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There  remained  still  the  question  whether  the  wave  running 
along  the  hoop  iron  under  the  car  might  induce  subsidiary  waves 
in  it  at  greater  distances  than  10ft.  from  the  centre  either  m  front 
or  behiid  the  car.  If  this  were  the  case  there  would  be  danger  of 
the  magnetic  rail  becoming  "  alive  "  at  points  when  ordinary  traffic 
passes  over  it.  I  have  tested  this  question  by  short-circuiting  the 
magnetic  rail  to  earth  at  various  distances  both  in  front  and  benind 
the  car,  and  whilst  the  latter  was  running  and  standing,  and  in 
no  single  case  have  I  found  a  '*  live  "  section  of  msffnetio  ralL 

I  alM  investigated  the  Question  whether  it  wifi  be  possible  to 
collect  the  current  from  tne  magnetic  rail  without  sparking,  as 
otherwise  horses  might  be  frightened.  In  the  original  manage- 
ment, the  oollection  of  current  was  effisoted  by  the  contact  of  tne 
wheels  supporting  the  electromagnet  on  the  magnetic  rail,  and 
with  a  dry  and  clean  line,  or  with  a  dirty  and  wet  line,  there  was 
no  peroeptible  sparking.  If,  however,  the  line  when  dry  was 
covered  with  dry  sand,  srravel,  and  clinkers  there  was  sparking, 
and  to  avoid  this  defect,  I  advised  Mr.  Lineff  to  fit  wire  brushes 
to  the  pole  shoes  so  as  to  obtain  more  perfect  contact.  This  has 
been  done,  and  in  a  subsequent  test  no  peroeptible  sparking 
occurred  with  any  condition  of  line. 

EinoixNOT  or  Sxbvicb. 

Tlie  efficiency  of  service  depends  upon  the  power  required  to 
propel  the  car  and  upon  the  possibility  of  maintaining  the  line  in 
proper  working  order.  As  reeards  the  power  requirea  for  the  car 
Itself,  apart  from  that  absorbed  bv  the  apparatus  for  oolleotin^  the 
current,  there  is  no  reason  why  the  Lineff  car  should  require  either 
leas  or  more  poyrer  than  any  other  electric  oar  of  equal  weight,  and 
geared  to  run  at  the  same  speed.  I  have  therefore  only  to  investi- 
gate what  extra  amount  of  power  is  absorbed  by  the  apparatus  for 
collecting  the  current,  and  what  amount  of  power  is  lost  by  under- 
ground and  surface  leakage. 

The  power  required  for  the  current  ooUeoting  apparatus  may 
be  regarded  as  lost  to  propulsion,  and  this  loss  consists  of  three 
items: 

1.  Imp^eet  OanUtet  between  Magnetic  Bail  and  Wheels  ofJSleetro- 
magnet. — I  measured  the  difference  of  potential  between  the  mag- 
netic rail  and  the  car  terminal  when  the  vrorking  current  of  11 
amperee  was  passing.  The  drop  of  E.M.F.  thus  found  varied  with 
the  condition  of  the  line.  It  was  '3  of  a  volt  when  the  line  was 
watered,  lout  otherwise  dean,  '7  when  the  line  was  dean  and  dry, 
and  2'7  when  the  line  was  dirty  with  mud,  horse  dung,  sand,  and 
clinkers.  These  tests  were  all  made  before  the  brushes  mentioned 
had  been  fitted,  so  that  with  the  improved  contact  this  loss  of 
power  may  be  considered  as  insignificant. 

2.  Power  required  to  Energise  the  Meetromagnet.  ^The  resistance 
of  tbe  two  magnet  coils  and  a  third  external  coil  is  220  ohms,  and 
the  working  pressure  230  volts.  The  power  absorbed  in  the  three 
coils  is  therefore  f  H-230  s  240  watts,  of  which  160  watts  are  re- 
quired for  the  magnet  and  80  watte  wasted  in  the  external  coil. 
These  80  watts  could  be  saved  by  rewinding  the  two  maenet  coils 
with  finer  wire.  The  energy  expended  in  **  picking  up  '^is  there- 
fore 160  watts.  I  had  previously  tested  the  magnet  and  found  that 
60  watts  is  the  minimum  of  energy  required  for  picking  up,  but  to 
make  sure  of  always  maintaining  the  circuit  160  watts  have  been 
aUowed.  During  my  test  of  the  line  there  has  been  no  case  of 
failure  to  miuntain  the  circuit. 

3.  Power  required  to  Propel  the  Electromagnet. — ^This  was  tested 
by  haulin^^  the  magnet  alone  alon^  the  line,  a  spring  balance  beii^ 
{oserted  mto  the  hauling  rope.    I  found  the  resisti^nce  to  bo  I91b, 


when  the  magnet  was  not  energised,  and  271b.  when  it  was 
energised.  At  seven  miles  per  hour  this  represents  an  expendi- 
ture of  about  half  a  horse-power.  It  appears  desirable  that  this 
loss  of  power  should  be  reduced,  which  can  be  done  either  by  em- 
plo3ring  larger  wheels  and  improved  axle-bearings  on  the  electro- 
magnet, or  by  so  suspending  it  from  the  car,  that  part  of  its 
weight  is  taken  by  the  oar. 

In  the  workshop  there  has  been  erected  a  full  sLse  working 
modd  of  the  magnetio  rail  as  arranged  for  a  switch  or  branch 
line.  After  the  tests  on  the  line  on  the  30th  of  May  were  com- 
pleted, the  deotromagnet  was  detached  from  the  car,  taken  into 
the  workshop,  and  run  over  the  magnetic  rail  containing  a  branch 
line.  The  current  colleoting  apparatus  acted  perfectly,  and 
there  was  no  failure  to  maintain  the  circuit  either  on  the  main  or 
on  the  branch  line. 

EOONOMT  or  WOBKINO. 

I  have  now  to  consider  the  amount  of  power  lost  by  under- 
ground and  surface  leakage.  The  former  takes  place  over  the 
whole  length  of  the  line,  and  is  independent  of  the  number  of  cars 
in  use  at  any  time,  whilst  t^e  latter  is  confined  to  the  three 
charged  sections  of  magnetic  ridl  under  each  car,  and  is  therefore 
proportional  to  the  number  of  cars  in  use  at  anv  time.  The  insu- 
Uition  resistance  of  the  conductor  was  tested  both  by  the  bridge 
meiJiod  (48Leclanch^  cells.  Post  Office  pattern  bridee,  and  mirror 
galvanometers),  and  by  passing  the  leakage  current  torough  a  volt- 
meter. The  two  methoos  gave  fairly  accordant  results,  but  the  in- 
sulation varied  on  different  days  considerablv.  The  highest  read- 
ing I  recorded  by  the  voltmeter  test,  when  tne  full  pressure  of  230 
vdts  was  on  Uie  conductor,  was  5,400  ohms,  and  the  lowest  8,550 
ohms.  In  order  to  maintain  the  underground  conductor  in  a 
proper  working  condition,  I  consider  it  desirable  and  possible  to 
morease  its  insulation  resistance.  But  for  the  determination  of 
loss  of  power  by  leakage  I  take  the  figures  as  I  find  them,  disre- 
garding any  future  poedble  improvements  in  insulation.  From 
tnese  &uree  it  appears  that  the  average  insulation  is  4,475  ohms. 
Since  the  line  is  220ft.  long  the  insulation  resistance  of  one  mile  of 
similar  line  will  be  186  ohms.  Assnmine  the  working  pressure  to 
be  300  volts,  the.leaksffe  current  would  do  1*61  amperes,  and  the 
power  thus  lost  wouldoe  482  watts,  or  about  two-tmrds  of  a  horse- 
power. This  loss  in  itself  is  not  an  important  item.  It  is,  in  fact, 
negligible  in  comparison  with  the  power  which  is  required  for  the 
propulsion  of  the  ears  on  a  mUe  of  line. 

AnotJ^er  source  of  loss  of  power  in  deotric  traction  is  surface 
lealu^^.  To  ascertain  this,  I  also  applied  the  voltmeter  test,  and 
f ouncTthe  f ollowinghisulation resistances  of  three ohaiged sections 
of  magnetic  raU.  \Vith  the  line  dear  and  moist  4,183  ohms ;  with 
the  line  very  wet  and  covered  with  mud  and  horse  droppings,  980 
ohms.  Taking  2,000  ohms  as  an  averaee  I  find  that  at  a  working 
pressure  of  300  volts  the  loss  of  power  oy  surface  leakage  per  car 
amounts  to  45  watts,  which  is  quite  insignificant. 

As  regards  the  question  whether  it  will  be  possible  to  maintain 
the  line  in  proper  order  when  subjeoted  to  the  wear  and  tear  of 
ordinary  street  traffic,  I  am  of  opinion  this  can  only  be  decided  by 
actud  trial  extending  over  a  considerable  time.  As*  far  as  it  was 
possible  to  do  so  in  an  experiment  extending  over  a  few  dajs,  I 
nave  tested  the  line  both  as  regards  mechanicd  strength  and  insu- 
lation. I  have  dready  mentioned  that  the  resistance  varied  be- 
tween 5,400  and  3,350  ohms  during  the  time  over  which  my  experi- 
ments extended.  An  aven«e  insulation  of  4,475  ohms  per  2190ft., 
or  186  ohms  per  mile,  woulcTnot  be  too  low  if  the  only  considera- 
tion were  that  of  the  waste  of  power  entailed  b^  leakage,  but  ex- 
perience shows  that  when  the  insulation  of  a  line  is  initially  low, 
Uiere  is  probability  of  its  becoming  still  lower  in  the  future,  and 
for  this  reason  I  consider  it  desirable  to  improve  the  insulation  of 
the  line.  I  am  of  opinion  that  this  can  be  done  in  two  ways : 
first,  by  an  dteration  in  the  shape  and  arrangement  of  the  earthen- 
ware supports  of  the  oonductor,  and,  secondly,  by  blowing  dry 
air  through  the  channeL  This  will  necessitate  the  employment 
of  air  compressor  at  the  power  station,  but  the  additional  oapitd 
outUy  and  working  expenses  will  be  trifiing  in  oomparison 
with  the  advantages  of  good  insulation,  which  will  be  obtained 
thereby.  The  mechanical  strength  of  the  closed  channel  was 
tested  by  taking  a  steam  roller  both  across  and  dong  the 
line.  Since  the  magnetic  rail  is  slightly  higher  than  the  runnine 
rail,  and  surrounding  pavement,  the  whole  wdght  on  one  of 
the  driving  wheels  of  the  steam  roller  (which  I  estimate  at  five 
tons)  was  thus  supported  by  the  magnetic  raiL  The  steam  roller 
was  driven  backwuds  and  forwards,  over  and  across  the  magnetic 
rail,  to  see  whether  any  mechanicd  damage  could  thus  be  done  to 
it.  I  could  not  detect  any  ddormation  or  other  damage  done 
either  to  the  magnetic  rail  or  the  bitumen  channel,  and  so  far 
the  steam  roller  test  was  entirely  satisfactory.  There  remained 
still  the  possibility,  that  through  the  application  of  a  concentrated 
pressure  of  five  tons,  minute  cracks,  invisible  to  the  naked  eye, 
might  have  been  devdoped  which  would  admit  moisture  and  thus 
impair  tbe  insulation.  To  test  this  point,  I  had  the  line  drenched 
with  water,  but,  as  shortly  afterwards  it  bezan  to  rain,  I  discon- 
tinued the  artificial  application  of  water.  Tne  rain  lasted  on  and 
off  during  the  remainoer  of  the  dav  and  following  night,  and  in 
the  afternoon  of  the  following  day  I  had  the  insulation  of  the  line 
again  tested  by  my  assistant.  He  reported  3,400  to  3,800  ohms. 
JBefore  taking  the  steam  roller  over  the  line  the  insulation  was 
3,400  ohms.  If  the  mechanicd  strdn  had  developed  cracks  in  the 
bitumen  there  would  have  been  sufficient  time  for  water  to  perco- 
late in  the  intervd  of  26  hours  which  elapsed  between  the  two 
resistance  tests.  Since,  however,  the  second  test  showed  the  same, 
if  not  a  higher,  insulation  than  the  first,  it  is  evident  that  no 
damage  was  done  to  the  line  by  the  steam  roller,  and  I  consider 
the  result  of  this  t^t  very  satis&ctory. 
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FISE   BISKS. 

The  letter  of  Mr.  Verity  and  the  correspondence 
that  has  ensued  thereon  shows  there  still  exists  a 
feeling  of  insecurity  as  to  the  rules  to  be  followed. 
It  must  be  remembered  that  from  time  to  time  new 
firms  are  entering  into  electrical  work,  and  especially 
into  wiring  operations.     Many  of  these  firms  know 
nothing  of  the  history  of  the  fire  office  rules,  and 
are  troubled  as  to  what  rules  to  use  to  guide  them. 
Mr.  Verity  points  out  that  it  frequently  happens 
three  or  four  companies  are  concerned  in  the  risk, 
and  as  each  company  may  have  rules  of  its  own  it  is 
difficult  to  know  what  to  do,  as  these  rules  may 
insist  upon  the  same  thing  being  done  in  different 
ways.    The  plain  way  out  of  the  difficulty  is  for 
all  the  companies  to  acknowledge  one  set  of  rules, 
say  the  Phoenix  rules,  as  suggested  by  Mr.  Howard. 
Unfortunately,  there  seems  to  be  something  of  the 
'^  Old  Adam"  abounding  among  the  fire  insurance 
companies  or  their  inspectors.     A  few,  we  believe  a 
very  few,  prefer  to  walk  alone.    No  matter  how 
good  a  bridge  has  been  constructed  at  great  labour 
and  under  experienced    constructors,  they    prefer 
their  own  construction,  following,  perhaps,   some- 
what the  same  lines,  but  meandering  occasionally. 
One  man  thinks  it  derogatory  to  his  dignity  to 
follow  exactly  in  the  footsteps  of  a  predecessor, 
hence  he  must,  to  show  his  own  knowledge  and 
especially  his  own  importance,  cut  out  a  path  for  him- 
self.    Mr.  Verity  suggests  following  the  Institution 
rules ;  Mr.  Howard  fears  that  they  would  be  found  more 
or  less  unsuitable.    It  must  not  be  forgotten  in  this 
controversy  that,  whatever  be  the    weight  of  the 
opinion  of  the  Institution,  the  industry  can  hardly 
hope  that  the  insurance  companies  will  accept  any 
other  rules  than  their  own.     The  companies  have  to 
take  the  risk,  they  have  to  pay  the  piper,  and  we  are 
bound  to  confess  that  scientific  knowledge  and  skill 
stating  one  thing  is  insufficient  to  prevail  agamst 
the  private  history  of  fires  as  shown  by  the  books  of 
the  companies,  which  say  another  thing.    Further, 
whatever  rules  are  used  require  constant    super- 
vision    and    modification.      Every    new    departure 
requires  either  a  relaxation  or  a  more  stringent 
rule  to  meet  it.    If  the  Institution  rules  are  to  be 
followed,   some    provision    must    be    made    for    a 
permanent  committee  to  hear  and  consider  all  the 
objections  and    suggestions    put    forward.      Rules 
satisfactory      to-day      may     not     be     satisfactory 
"  next "  year.  The  insurance  companies,  again,  would 
be  reluctant  to  open  their  private  reports  to  any 
such  committee,  and  yet  upon  these  private  reports 
rules  have  to  be  devised.     According  to  our  view 
then,  the  subject  is  one  of  considerable  difficulty. 
The  surveyor  or  inspector  in  his  ordinary  duties  con- 
tinually comes  across  the  weak  points,  and  in  the 
interests  of  his  office  he  has  to  see  that  these  weak 
points  are  strengthened.    What  may  be  regarded  as 
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Table  C. 


Date. 


1889. 
Joly  10th 


tt 


July  11th 


ft 

tf 
i> 
i« 
•f 

ft 


Joly  12th 


•• 

» 

•I 

It 


Joly  13th 


t« 
If 

t» 
>t 
tt 
ft 

tt 


Hra.  min. 

1  10 
11  20 

16  55 

21  6 

22  50 

7  55 

8  60 

11  38 
15  10 

19  50 

20  25 

21  42 
6  40 

6  20 

7  60 
10  30 

12  40 

17  45 

21  30 

0  22 

2  55 

3  52 

3  58 

10  20 

12  0 

14  20 

15  30 


Cell  under  test. 


State. 


Charged  

Duo£urged 

Charging 

If        •• 

Charged  

Difloharging   

Disoharged. 

Charging 

If        • » 

Cha^pred  ."!!!."!!'.!!!!.*.7.! 

XMscharging   

If  •••  •  •••■•■ 

Diiobarged 

Charging 

•»        • ••• 

Changed !!!.!.!!'!!!!!.!. 

DiBoharging   

If  • 

«> 

Discharged 

Just  started  charging 
Charging 

II 

II 

Charged 


Temp. 


Deg.C. 
10-95 
18-6 

19^ 
19-9 
20*2 

18-65 
18-8 

19-06 
19-3 
19-7 
20-1 

19*95 
18-72 
18-72 

19-3 
19-5 
19-61 
20-40 

19-95 

19-7 
19-73 

•• . 

19-78 

20-0 

20-05 

20-30 

20-6 


Temperature  off 


Air. 


Deg.C. 
1875 
18-6 

191 
19-0 

18*8 

18-25 
18-5 

18-6 
18-8 
19-0 
19-0 

18-95 
18-75 
18-75 

18-65 
19-0 
191 
19-26 

19-25 

191 

19-2 

•  ■  • 

19-08 

19-2 

19-2 

19-26 

19-4 


IdleoelL 


Time  from 

beginning  of 

jdischarge  or 

charga 


Deg.C. 
18-6 
18-5 

18-84 

18-9 

18-9 

18-1 
18-2 

18-4 
18-5 
18-7 
18-73 

18-85 
18-76 
18-75 

18-7 
18-78 
18-77 
101 

19-1 
19-1 
19*16 

•  • 

19-15 
19-16 
19-16 
19-2 
19  2 


Hrs.  min. 

0      0 

10    10 


5    35 

0    46 

11    30 


9      5 
10      0 


2  48 

6  20 

11  0 

11  35 


1  22 
9  20 
9    55 


1  30 

4  10 

6  20 

11  26 


3  45 

6  37 

9  10 

10  7 


0  8 

6  28 

8  8 

10  28 

11  38 


Difference  between 
temperature  of  cell 
under  test  and  tem- 
perature of  idle  cell. 


Deg.C. 
1-36 
01 

0-76 

1-0 

1-3 

0*55 
0-6 

0*65 
0*8 
1-0 
1-37 

1-10 
-0-03 
-0-03 

0-6 
0-72 
0-84 
1-30 

0-85 

0-6 

0-57 

•* 

0-63 

0-86 

0-00 

1-1 

1-4 


Rise  or  fall  of  temperature 

duringacompletecQsoharge 

or  charge  compared  with 

temperature  of  idle  cell. 


V  -  1*25  during  discharge. 
+ 1*2       „       chargOt 


} 


I  -  0-70 


+  0-77 


-  1-40 


Hhl-33 


If 


•I 


•I 


II 


•  -  0-67 


II 


discharge. 


charge. 


discharge. 


charge. 


discharge. 


+  0*77 


11 


charge. 


From  Table  G  we  sec  that,  while  during  the  charge  the 
eell  rises  in  temperature,  during  discharge,  on  the  contrary, 
it  Mtually  falls ;  hence,  in  spite  of  the  production  of  heat 
due  to  renatance,  the  cell  is  actually  cooler  at  the  end  of  a 
disehaxige  dian  at  the  beginning — a  result  possibly  due  to 
the  splitting  up  of  the  sulphuric  acid  during  the  diiBcharge. 
This  cooline  of  accumulators  during  discharge,  which  we 
Dotked  ear^  in  our  experiments,  was  also  observed  at 
ibout  the  same  time  by  Prof.  Duncan  and  H.  Wiegand  in 
Ammca  and  described  in  their  joint  investigation  abready 
referred  to. 

From  the  last  table  we  see  that  the  rise  of  temperature  of 
the  cell  during  charging  may,  after  allowing  for  changes 
ol  temperature  of  the  room,  be  either  about  l'3d^.  C.  or 
0-77deg.  C,  while  the  fall  of  temperature  during  discharging 
may  have  either  of  the  two  preceding  values.  It  is  further 
mfceresting  to  notice  that  the  rise  of  temperature  during  the 
chaiging  has  tiie  higher  or  the  lower  of  these  two  values 
ieeordixig  as  the  f ul  of  temperature  during  the  previous 
djidhaige  had  the  higher  or  the  lower  value. 

On  plotting  die  differences  between  the  temperatures  of 
the  worhins  and  the  idle  cell  and  the  corresponding  times 
given  in  ike  lart  table,  we  obtain  the  dotted  une  24 
(fig.  8)  for  the  time  b31  of  temoerature  during  the  first 
and  third  diseharge,  eurve  25  for  tne  time  rise  of  tempera- 
tore  daring  the  first  and  third  charge,  curve  26  for  the 
time  Ul  of  temperature  during  the  second  and  fourth  dis- 
charge* and  curve  27  for  the  time  rise  of  temperature 
doling  the  second  ai^  fourth  chaises.  Twenty-four  is 
dotted  since  temperature  readings  were  only  taken  at  the 
beginning  and  end  of  the  first  and  third  of  these  dis- 
ehiigee.  In  the  case  of  the  seeond  and  fourth  ef  the  dis- 
ehsrgOB  here  referred  to,  as  well  as  in  all  the  four  charges, 
terenl  observations  of  temperature  were  made.  From  the 
cunrea  it  appears  that  towards  the  end  of  the  discharge 
ud  at  the  bc^ginning  of  the  charge  one  or  other  of  two 
things  may  happen— either  the  temperature  in  the  dis- 
charge may  go  on  falling,  as  in  the  dotted  line  24,  or  it 
may  bedn  to  rise  again,  as  in  26 ;  whereas,  in  the  charge, 
either  t£e  temperature  at  the  beginning  may  rise  consider- 
ahly,  as  in  eorve  25,  or  it  may  only  increase  slightly,  as  in 
curve  27. 

It  would  therefore  appear  that  during  the  latter  part  of 
the  discharge  one  or  other  of  two  chemiod  actions  oan  take 
place;  and  these  two  actions  have,  for  some  reason  or 
other,  taken  place  alternately  in  the  four  diachar^  under 


consideration.  But,  curiously  enough,  these  four  dis- 
charges— ^which  took  place  on  July  IQth,  11th,  and  12th, 
1889 — occurred  with  extreme  regularity;  so  that  when 
time  curves  were  drawn,  even  on  a  large  scale,  for  each  of 
th^  discharges,  they  coincided  exacuy  and  produced  a 
single  curve,  which  is  shown,  greatly  reauced,  as  curve  10 
on  the  sheet  of  curves  given  in  the  earlier  part  of  the  paper. 
And,  similarly,  for  the  four  corresponding  charges  the  four 
time  curves  all  coincided  exactly,  producing  a  single  curve, 
which  is  shown,  greatly  reduced,  as  curve  11  on  the  same 
sheet.  It,  therefore,  seem<4  as  if  one  or  other  of  two 
chemical  actions  might  take  place  during  the  latter  portion 
of  the  discharge  and  during  the  earlier  part  of  the  charge, 
and  yet,  curiously  enough,  when  the  current  is  kept 
absolutely  constant  the  tim^  variation  of  the  P.D.  is 
exactly  the  same,  no  mMe^  wI^Ilo^  these  two  chemical 
actions  takes  place.        Q  ...  \j  \J 0 '  ) 

About  a  year  later  another  set  of  continuous  temperature 
observations  was  made  for  many  days  and  nights  with  the 
same  cells,  the  cuirent  in  dischaiging  and  chandng  being, 
as  before,  10  and  9  amperes  respectively.  The  higher 
P.D.  limit  was,  as  before,  2*4  volts  per  cell,  but  the  dis- 
charge was  in  each  case  in  this  second  set  of  continuous 
discburges  and  charges  stopped  at  1*9  instead  of  1*8 
volts  per  celL  As  the  regulation  of  the  current  day  and 
night  was  in  these  later  experiments  in  1890  effected  by 
himd,  it  was  not  kept  quite  as  constant  as  when  the  auto- 
matic regulator  was  employed.  Hence  the  time  curves  for 
the  excess  temperature  m  discharging  and  charging,  when 
plotted,  were  not  found  to  be  as  regular  as  in  the  previous 
case.  But  they  were  quite  regular  enough  to  give  the 
general  shape  of  the  sets  of  temperature  curves  for  dis- 
charge and  charge  which  are  shown  in  Fig.  9. 

It  will  be  observed  that  in  these  experiments  not  merely 
does  the  excess  of  tlie  temperature  of  the  working  cell  over 
that  of  the  idle  cell  fall  during  the  discharge,  but  it  actually 
continues  to  fall  at  the  commencement  of  the  charge. 

The  times  of  discharging  and  charging  are  less  than  those 
given  for  curves  10  and  11,  partly  because  the  P.D.  was 
not  allowed  to  run  down  lower  than  1*9  volts  per  cell  in 
the  kter  observations,  and  partly  because  the  times  of  dis- 
chai^ing  and  charging  had  be^  diminished  by  the  con- 
tinued experimental  rests  to  which  these  cells  had  been 
subjected  in  a  charged  state  during  1889. 

The  mean  temperature  of  one  of  our  cells  is  during 
charging  and  disohaii^ing,  roughlyi  0*7deg«  0.  higher  thiMi 
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uk)  8 ;  whereas^  when  C^  were  being  discharged,  mercury 
cup  7  was  joined  to  9  instead  of  to  8.  In  l^th  cases  the 
conrent  paned  along  the  thick  lines  through  an  A.  and  P. 
magnifying  spring  ammeter,  whose  indications  furnished 
ao  approximate  measure  of  the  current,  through  an  adjust- 
able carbon  resistance  and  a  platinoid  strip  which  could 
carry  the  maximum  current,  10  amperes,  used  in  these 
t«8t8,  without  its  resistance  being  perceptibly  alteied.  To 
two  points  of  this  strip  were  soldered  two  wires  going  to 
the  mercury  cups  10  and  13 :  these  were  joined  respec- 
tively to  11  and  12  in  charging,  and  to  12  and  11  in  dis- 
charging, so  that  the  current  always  went  through  the 
D'A^onval  galvanometer.  A,  in  the  same  direction.  This 
galvanometer  then  measured  the  charging  or  discharging 
carrent^  its  sensibility  being  such  that  for  a  current  of  nine 
amperes  passing  through  the  circuit  a  deflection  of  600 
scale  divisions  was  proauced  when  the  resistance  in  d  was 
1B5  ohms,  that  of  the  galvanometer.  A,  itself  being  52  ohms. 
By  joining  the  mercury  cupe  1  and  2  with  a  bridge- 
piece,  the  P.D.  between  the  terminals  uf  the  accumulators 
nnder  t^  C^,  could  be  measured  with  the  voltmeter,  Y ; 
the  eensibUty  beins  such  that  with  a  resistance  of  791  ohms 
in  0,  and  63,696  onms  in  6,  a  deflection  of  600  scale  divi- 
sions corresponded  with  a  P.D.  of  12  volts.  By  connecting 
the  mercury  cup  1  with  3  instead  of  with  2,  the  resistance, 
K  was  cut  out  of  the  circuit,  and  the  sensibility  of  the  volt- 


wards  the  end  of  a  charge,  while  it  fell  to  7*6  volts  at  the 
end  of  a  discharge.  In  the  former  case  the  E.M.F.  of  four 
cells  and  a  portion  of  the  fifth  of  the  compensating  accumu- 
lators, Gj,  was  employed,  while  in  the  latter  the  E.M.F.  of 
three  and  a  portion  of  the  fourth  sufficed.  Hence,  during 
the  charge  mercury  cups  4  and  5  were  connected  together, 
while  during  the  discharge  it  was  4  and  6  that  were  con- 
nected together.  The  portion  of  the  E.M.F.  of  the  last  of 
the  compensating  cells  was,  as  shown  in  the  figure,  obtained 
bv  shunting  this  cell  through  a  platinoid  wire,  W  W,  of 
about  two  ohms  resistance,  and  making  contact  with  a  point 
of  this  wire  farther  from,  or  nearer  to,  the  positive  pole  of 
this  cell.  This  adjustment  of  the  position  of  S  caused 
very  little  change  in  the  resistance  of  the  voltmeter  cir- 
cuit, because  the  resistance  of  W  W  was  but  a  small  por- 
tion of  the  entire  resistance  in  the  voltmeter  circuit. 

This  method  of  measuring  the  resistance  of  accumulators 
was  applied  by  three  of  the  students  of  the  Central  Insti- 
tution— ^Messrs.  Miiller,  Stephens,  and  Wightman — to  de- 
termine the  variation  of  the  resistance  during  the  entire 
discharge  of  the  cells  with  10  amperes,  and  charge  with  9; 
further,  during  May  and  June  of  this  year  Mr.  Miiller  has, 
with  great  perseverance,  been  making  an  uninterrupted 
series  of  observations,  day  and  night,  to  determine  the  re- 
sistance during  the  entire  discharge  and  charge  for  various 
currents.    For  each  of  these  currents  the  cells  are  being 
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Fio.  10. — Apparatus  for  Measaring  the  Resistance  of  the  Accnmnlators  Ci. 


meter,  V,  was  increased  60  times.  If  now  4  were  connected 
^th  5  or  with  6,  and  the  sliding  contact,  S,  moved  along 
the  thick  wire,  W  W,  a  point  could  be  found  such  that  no 
carrent  passed  through  the  voltmeter,  V.  Next,  the  main 
eircQit,  indicated  by  the  thick  wires,  was  broken,  when  the 
spot  of  light  would  move  quickly  across  a  portion  of  the 
scale,  and  then  continue  moving  right  across  the  rest  of  the 
Kale.  The  first  part  of  this  motion  was  of  course  due  to 
the  sudden  variation  of  the  P.D.  at  the  terminals  of  the 
accaottlators  Ut  on  the  current  through  them  being 
stopped,  while  the  continuation  of  the  motion  was  due  to 
the  subsequent  variation  of  the  E.M.F  of  these  accumulators 
after  the  current  was  stopped.  And  the  value  of  the  E.M.F. 
at  any  moment  was  equal  to 

0'2d 

^*   600' 

vhere  d  was  the  deflection  of  the  voltmeter  spot  of  light  at 
the  moment  in  question,  and  V  was  the  P.D.  between  the 
terminals  of  the  cells  C|  just  before  the  main  circuit  was 
Vroken,  and  which  was  measured  by  the  voltmeter  deflec- 
tion when  mercury  cup  1  was  connected  with  2.  In  dis- 
charging the  +  sign  was,  of  course,  used,  and  in  charg- 
ing -  sign. 

This  P.D.  at  the  terminals  of  the  four  accumulators 
luider  test,  Cj,  and  which  had  to  be  balanced  by  the 
E-M.F.  of  the  accumulators  C^  approached  9*6  volts  to- 


brought  to  a  steady  working  state  by  many  discharges 
and  charges  being  successively  and  without  interruption 
made  with  each  current  In  the  case  of  the  small  current 
the  time  of  a  charge  and  discharge  is  tediously  long,  the 
charge,  for  example,  with  three  amperes,  requiring  40 
hours  to  raise  the  P.D.  from  1*9  to  2*4  volts  per  cell,  so 
that  several  weeks  have  to  be  spent  obtaining  the  resis- 
tance for  this  current.  This  investigation  of  resistance  is 
not  yet  completed,  and  therefore  we  do  not  propose  in  this 
paper  to  refer  to  the  variation  of  the  resistance  of  a  cell 
with  different  currents  when  the  cell  is  brought  to  a  skady 
working  skUefor  each  current.,  'Such  an  experiment  has  not, 
as  far  as  we  are  aware,  ever  before  been  attempted  with 
accumulators,  former  observers  having  contented  themselves 
with  merely  observing  the  variation  of  the  resistance  when 
the  current  during  discharge  or  charge  was  abruptly 
changed  from  one  value  to  another.  This  is  a  very  diffe- 
rent thing  from  ascertaining  how  the  resistance  of  an 
accumulator  varies  with  the  current  when  each  of  the 
different  currents  employed  is  steadilv  used  for  some  weeks 
in  the  discharging  and  chaining  of  the  cell,  until  the  cell 
has  arrived  at  a  steady  woimng  state  tor  the  current  in 
question. 

We  give  in  Fig.  11  an  example  of  the  time  fall  of 
the  K]£F.  on  breauEing  the  circuit  for  eight  periods  of  20 
seconds  during  the  charge.  The  curves  are  all  drawn  to 
the  same  scale,  but,  in  order  to  get  the  curves  into  a 
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and  loflB  aocount,  and  the  important  part  of  the  profit  and  loss 
accoant  is  that  tJie  balance  carried  to  the  credit  of  that  account, 
after  making  every  fair  and  proper  charge  against  it  for  the  work- 
ing expenses  of  the  undertaking  and  proper  depreciation  of  plant, 
and    so    forth,     presents    the    very    respectable     balance    of 
£61,115,  enabling  the  Ck>mpany  to  divide,  upon  the  recommenda- 
tion of  the  Directors,  if  you  see  fit  to  approve  of  it,  the  full  7  per 
cent,  upon  the  capital,  and  a  very  considerable  contribution  in 
respect  of  those  years — which  were  sadly  too  long  at  the  time,  I 
remember^when  there  was  no  dividend  to  pay  at  all.    You  know 
that  the  dividend  upon  the  ordinary  stock  to  the  extent  of  7  per 
cent,  per  annum  is  cumulative— that  is  to  say,  in  the  years  when 
it  is  not  secured  by  theprofits,  any  balance  is  carried  forward  as  a 
claim  on  the  future.     We  have  waited  a  good  many  years  for  that 
dividend  to  be  found,  and  last  year  was  the  first  time  that  we  were 
able  to  take  some  portion  of  the  profits  to  wipe  out  the  arrears ; 
this  vear  we  shall  oe  happy  to  ta!ke  a  much  lareer  portion.    Now, 
the  details  of  the  accounts  are  these :  You  will  see,  beginning  on 
the  debtor's  side,  stock  on  hand  brought  forward   to  July   1, 
£25,085,  and  I  may  as  well  remind  hon.  proprietors  from  time  to 
time  that  the  character  of  this  business  demands  that  a  very  large 
amount  of  capital  should  be  locked  up  in  stock.    These  lamps,  as 
you  know,  are  of  great  variety  of  form  and  power,  and  a  great 
many  people  have  a  great  many  different  ideas  as  to  what  quality 
and  what  form  they  want,  and  in  order  to  be  ready  to  supply  the 
demand  we  must  have  a  very  great  stock  of  the  various  lamps  on 
hand  in  anticipation.     If  you  will  cast  yonr  eye  to  the  opposite 
side  of  the  account — I  may  as  well  exhaust  the  subject  of  stock  at 
once — you  will  find  that  a  very  large  increase  has  arisen,  from 
£25,985  to  £56,266  ;  but  I  will  reUeve  your  minds  at  once  by  say- 
ine  that  of  that  large  increase  only  a  small  portion  is  attribut- 
able   to    the   increased    number    of   lamps,  that    having    kept 
pace    almost    in    arithmetical    proportion    with   the   increased 
sales.    A  verv  large  portion  of  that  increase  is  the  price  of  obtaining 
platinum,  which,   with  a  certain  amount  of  forecast,  we  have 
availed  ourselves  of  the  opportunity  of  buying  at  prices  which  have 
been  already  very  considerably  exceeded,  and  that  platinum  is 
carried  to  the  account  at  cost  price  and  is  held  in  reserve ;    I 
think  it  will  account  for  £21,000  of  the  increase.     We  found  that 
the  demand  for  platinum  was  increasing.    The  supply  of  it  to  the 
market  does  not  appear  to  keep  pace  with  the  increase  m  the  demand, 
and  putting  two  and  two  togetner  we  thought  the  price  might  go 
up ;  therefore  we  laid  hands  on  a  considerable  amount  of  it  to  put 
away,  and  the  price  has  gone  up  considerablv  since.    It  stands  in 
the  account  at  its  cost  price.    Well,  then  there  are  wages,  pur- 
chases, ete.,  £73,719 ;  the  cost  of  conducting  the  business— salaries. 
Directors'  fees,  rent,  office  expenses,  insurance,  income  tax,  general 
and  law  charges,  £13,915 ;  depreciation  on  plant,  eto.,  £1,838.  Then, 
on  the  other  side  of  the  account,  we  have,  by  sale  of  lamps,  fittings, 
eto.,  £118,865;  interest,  ete.,  £l,442,'and  the  stock  on  hand,  which 
I  have  already  adverted  to,  £56,266.    Carrying  your  eye  down, 
you  will  see  that  the  difference  between  the  sales,  the  interest, 
value  of  the  stock,  and  the  value  of  tlie  stock  on  the  other  side, 
plus   the   expenses   of   the  year's  business,  leaves  the  balance 
of  £61,115.     Then,  if  you  will    kindly  follow  that   down,  you 
will    see   a    statement    showing    the    proposed    appropriation 
of  the  profite ;  that   is   a   very   simple   account.    On  one  side 
is  the  balance  of  profit  for  the  current  year,  £61,115;  on  the 
opposite  side  you  will  see  what  we  propose  to  do  with  it,  which  is 
as  follows :  Dividend  for  the  year  ending  June  30,  1890,  £24,743— 
you  will  see  that  £12,371  was  paid  as  an  interim  dividend  in 
February.    Then  comes  the  claim  on  the  further  profit  in  respect 
of  the  arrears.    We,  of  course,  keep  the  aocount  from  year  to 
year,  and  we  wipe  out  the  debt  against  each  year,  beginning  with 
the  most  remote  one.    Therefore  we  propose  the  payment  of  the 
balance  of  cumulative  preferential  dividend  on  the  "  A"  shares  for 
the  year  ending  June  30,  1884,  at  the  rate  of  4  per  cent.,  which 
comes  to  £14,139.     That  does  not  exhaust  it,  and  therefore  we 
carry  it  on  a^ain  and  make  a  payment  on  aocount  of  cumulative 
preferential  dividend  on  the  **  A"  shares  at  the  rate  of  4  per  cent, 
for  the  year  ending  June  30,  1886.    That  means  that  in  the  year 
ending  June  30,  Im,  we  paid  3  per  cent.,  which  left  4  per  cent, 
in  arrear  ;  that  is  balanced  in  the  first  appropriation.    Then  in 
the  following  year  we  carry  4  per  cent,  to  June  30,  1885.    Having 
done  that,  we  still  have  £8,093,  which  we  propose   to  carry 
to    the   reserve   fund.       Now,    coming     to    the  balance-sheet 
again,    there   is    no   substantial    alteration   in  any  part  of  it. 
The  capital  remains  exactly  as  it  was  in  the  last  account ;  the 
only  figure  which  will  be  affected  will  be  that  one  in  the  teble  '*B" 
shares,  which  you  will  see  are  entitled  to  one-fourth  of  the  profit 
after  the  cumulative  7  per  cent,  on  the  "A"  shares.  The  particular 
part  of  that  entry  pertinent  to  the  present  occasion  is  the  state- 
ment that  the  preferential  cumulative  dividend  of  7  per  cent, 
amounted  on  June  30,  1890,  to  £110,769  ;  it  is  the  balance  of  the 
amount  still  to  be  wiped  off  out  of  future  profits.    Then  there  are 
sundry  credit  balances,  £26,257 ;  reserve  fond,  £4,595— which,  if 
^ou   are  pleased  to  confirm   our   proposition,  will   be   further 
increased  by  £8,093  ;  and  then  the  balance  of  this  £61,000,  after 
having  accounted  for  the  £12,371  already  received.    On  the  other 
side  comes  whatyou  have  got  for  that  capital — cost  of  patents, 
goodwill,  ete.,  £235,614 ;  that  has  from  time  to  time  been  subject 
to  diminution  by  writing  down  to  realisations  of  property,  and  so 
forth ;  if  you  go  back  a  few  years  you  will  find  a  considerably 
larger  total  sum.    Then  against  that  is  ''further  expenditure 
thereon"     during     the     year,     £2,139.      That     is     in     rela- 
tion   to    the    extension    of    works,  or   for   expenditure   fairly 
chargeable   to   capital.      Then    there   is   the    amount    realised 
by  sale  of  plant,  £2,030 ;  that  is  a  set-off  again,  and  so  we  bring 
it  down  to  £236,022.     As  to  the  amount  of  "B"  shares  issued  as 
per  cmara^  you  know  the  history  of  that.    The  shares  were  given 


to  Mr.  Edison  and  his  friends  as  valuation  of  interest  in  this  con- 
cern, and  some  day  or  other — let  us  hope  at  no  distant  dav,  for 
the  sake  of  ourselves — will  come  in  for  one-fourth  of  the  profits  of 
the  undertaking  after  the  payment  of  7  per  cent.    That,  with  the 
considerable  sum  we  have  to  clear  off,  is  more  or  less  remote,  bat 
I  do  not  think  it  so  verv  remote  as  might  appear.    Then  we  oozne 
te  the  other  assete  of  the  concern — the  shares  of  the  Manchester 
Edison-Swan  Company,    £12,000;    freehold  property,   £33,306; 
plant  and  stock,  £77,221,  including  that  large  amount  which  I 
nave  called  vour  attention  to ;  deotors,  £15,203 ;  investments* 
£27,600 ;  and  cash  at  bankers,  £31,563.    Thus  we  may  say  that 
not  an  inconsiderable  amount  of  the  capital  of  the  Company  really 
is  in  the  shape  of  solid  pudding.    The  freehold  property  (£33,306) 
is  the  property  of  the  going  concern,  embracing,  as  it  does, 
the   lamp   factory  at   Pender's   End,   which  we   bought  very 
cheaply  mdeed,  on  which  we  have  spent  a  sum  of  money,  and 
whicn  ifrom  time  to  time  will  have  to  be  extended  in  order  to  meet 
the  very  great  demand  for  these  lamps  in  the  future ;  that  is  put 
in  at  a  very  safe  figure,  for  a  going  concern  could  only  get  tnat 
land  and  building  now  for  a  great  deal  more  than  that  amount. 
The  same  may  be  said  of  the  other  investments  of  that  kind.  Then 
the  plant  and  stock,  of  course,  mean  value.    Office  furniture  is  an 
item  which  will  disappear ;  it  is  not  very  large  now.    The  invest- 
ments of  £27,500  are  chiefly  in  consols  and  cash  at  bankers.  That, 
I  think,  appears  a  tolerably  satisfactory  account,  and  unless  you 
wish  me  to  go  into  any  very  great  detau,  I  Uiink  it  would  be  wise 
to  end  what  I  have  got  to  say  upon  it  by  commending  to  you  the 
recommendation  of  the  Board  to  disperse  these  dividends,  giving 
you  the  assurance  that  in  the  details  of  these  several  sums  a  very 
liberal  allowance  has  been  made  under  all  heads  on  the  debit  side, 
and  that  the  balance  which  has  been  brought  forward  is  a  balance 
which  is  absolutely  without  charge  upon  it  in  respect  of  any 
cutting  down  or  holding  down  of  the  responsibilities  which  the 
current  revenue  ought  to  bear.    I  will  now  move  t^at  the  report 
and  accouttto  for  the  year  ending  June  30,  1890,  be  received  and 
adopted. 

Kr.  Frederiek  StidiArd  Leylaad  (the  deputy-chairman) 
seconded  the  motion,  which,  there  being  no  discussion,  was  pat 
and  unanimously  agreed  to. 

The  Chairman  proposed  :  **  That  a  dividend  at  the  rate  of  7  per 
cent,  per  annum  bis,  and  is  hereby,  declared  on  the  '  A '  shares  of 
the  Company  for  the  half-year  ending  June  30th,  1890  (making  7 
per  cent,  for  the  year),  and  4  per  cent,  in  completion  of  payment 
of  arrears  of  cumulative  preference  dividend  for  the  year  ending 
June  30th,  1884,  and  of  4  per  cent,  in  respect  of  arrears  of  cumula- 
tive preference  dividend  for  the  year  enaing  June  30th,  1885 — all 
to  be  distributed  in  accordance  with  the  provisions  of  clause  87  of 
the  articles  of  association." 

The  motion  was  seconded  by  Vx,  Loylud,  and  carried. 

The  retiring  Director  (Mr.  Shelford  Bid  well,  F.R.S.)  was  pro- 
posed for  re-election  by  the  Chalmuui. 

BCr.  J.  Wilson  seconded  the  motion,  and  it  was  carried. 

Ifr.  Donoran  moved  a  vote  of  thanks  to  the  Chairman  and 
Directors. 

Mr.  Davey  seconded  the  motion,  which  was  agreed  to. 

The  dMlrmaa  expressed  his  thanks,  and  said  the  real  reason 
why  this  Company  had  emerged  from  what  at  one  time  seemed 
a  perilous  position  was  the  strong  conviction  which  they  all  had 
at  the  Board  that  it  was  worth  fighting  for,  and  they  had  exercised 
a  good  deal  of  courage,  combinea  with  foresight  and  prudence,  in 
insisting  on  the  rights  of  the  Company  being  upheld.  Those  rights 
might  not  have  been  upheld,  and  if  so  the  difficulties  of  the  Com- 
pany would  have  been  very  great.  In  virtue  of  the  anxieties  and 
cares  which  rested  on  them — which  proprietors  could  scarcely 
appreciate — he  felt  personally  very  much  indebted  to  his  colle^ues 
for  their  consistent  support  and  care  for  the  interesto  of  the  Com- 
pany. If  they  had  not  felt  they  had  a  proprietary  who  trusted 
them  through  good  and  evil  report,  they  might  have  broken  down ; 
it  was  their  confidence  of  the  shareholders'  confidence  in  them 
which  kept  them  going,  and  he  was  very  glad  to  hnd  they  were 
now  in  smooth  water. 

The  proceedings  tiien  terminated. 


MANCHESTER  EDISOK-SWAN. 

The  eighth  annual  meeting  of  the  shareholders  of  this  Company 
was  held  on  Monday  at  the  Memorial  Hall,  Manchester,  Mr.  V.  iC 
Armitage  (chairman  of  the  Companv)  presiding. 

The  Clialmuui,  in  moving  the  adoption  of  the  report,  said  the 
Directors  were  not  as  satis&d  as  they  might  be  witii  the  result  of 
the  year's  operations.  Instead  of  making  something  over  10  per 
cent.,  as  they  did  last  year,  they  had  only  made  something  over  5 
per  cent.  They  had  worked  just  as  hard  in  making  the  6  per  cent, 
as  they  did  last  year  in  making  10.  The  real  fact  was  that  at  this 
moment  there  was  a  manifest  falUng  off  all  over  the  country  in 
the  demand  for  small  s^iarate  wstallations.  IChere  was  no 
doubt  whatever  that  electric  lighting  would  increase  enormously 
in  the  near  future ;  but  their  strong  impression  was  that 
the  increase  would  be  in  lighting  from  central  stetions.  Par- 
liament had  been  issuing  provisional  orders  for  central  stetions 
broadcast  all  over  the  countrv,  and  there  could  be  no  doubt  that  many 
people  who  wished  to  have  the  electric  light  were  now  waiting  to  see 
what  would  be  the  outcome  of  these  provisional  orders.  Before  they 
went  to  the  expense  of  securing  private  plant,  they  were  waiting 
to  see  whether  they  could  not  draw  their  suroly  of  electric  light 
from  a  central  stotion,  as  they  did  now  in  the  case  of  gas.  At 
the  same  time  he  had  not  Uie  smallest  doubt  that  in  the  very 
near  future  there  would  be  an  enormous  increase  in  the  electric 
lighting  industry,  and  with  the  experience  the  Edison-Swan  Com« 
pany  had  had  in  this  district,  and  with  the  name  they  had  acquired 
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for  doing  good  work,  he  had  not  the  smallest  doubt  that,  when  the 
iscreaae  came,  the  Companv  wonld  reoeive  at  least  its  fair  share 
of  the  work  that  had  to  oe  done. 

The  motion  for  the  adoption  of  the  report  was  seconded  by  IKr. 
L  C.  WaterlMiifle,  and  carried  unanimoaBly. 

On  the  motion  of  the  dtalrmaa,  seconded  by  Mr.  WateirlionM, 
it  was  farther  resolved  that  the  profit  of  £1,647.  6s.  be  appro- 
priated to  payment  of  a  dividend  at  the  rate  of  6  per  cent,  per 
innam  (£1,000),  carrying  forward  the  balance  of  £647.  6s. 


GLOBE  TELEGRAPH  AND  TRUST. 

The  seventeenth  ordinary  general  meetingof  the  Globe  Tel^raph 
ftud  Trust  Company,  Limited,  was  held  on  Tuesday  at  Winchester 
House,  Old  Broad-street,  Sir  John  Pender  presiding. 

The  dialmiAn  stated  that  during  the  last  three  years  they  had 
been  steadily  prc^essing,  but,  as  the  shareholders  were  aware, 
they  were  dependent  in  this  respect  on  the  progress  of  the  sub- 
marine telegraph  companies  in  which  they  were  interested.  On 
the  whole,  they  were  in  a  very  satisfactory  position ;  and,  as  he 
foreshadowed  at  the  last  meeting,  they  now  proposed  a  dividend 
making  5  per  cent.,  tax  free,  for  the  past  year,  compared 
with  4f  per  cent,  for  the  previous  year.  During  the 
last  financial  year  they  received  £198,466,  the  balance, 
after  deducting  working  expenses,  being  £193,499,  of  which 
£130,806  had  been  already  distributed,  leaving  £64,700  now 
to  be  dealt  with  for  the  final  dividends  recommendra.  Taking  the 
combined  dividends  paid  on  the  preference  and  ordinary  snares 
daring  the  17  years  of  their  existence,  he  found  that  the  average 
retarn  had  been  £4.  6s.  per  cent.  For  the  past  year,  as  he  bad 
nid,  they  proposed  a  dividend  on  the  ordinary  shares  of  5  per  cent. , 
and  they  hoped  they  mieht  retain  the  level  which  the  past  year 
had  given  them.  Wita  reference  to  Uieir  investments,  the 
Atlantic  cable  companies  found  that  thev  were  carrying  as  many 
messages  at  the  shilling  tariff  as  they  had  previously  been  reoeiv- 
Isg  at  the  sixpenny  rate.  This  had  materially  contributed  to  the 
Globe  Company's  exchequer.  They  were  also  largely  interested 
in  the  Eastern  and  Eastern  Extension  Companies,  respecting  which 
he  might  state  that  the  result  of  the  recent  Paris  Telegraph  Con- 
ference had  not  been  unfavourable.  A  good  deal  had  been  heard 
lately  of  the  Imperial  British  East  Africa  Company,  who  held  a 
meeting  the  other  day  in  London,  when  information  was  given  as 
to  the  work  thej  were  engaged  upon.  Unfortunately  they  over- 
looked mentiomng  that  the  Eastern  Company  had  laid  a  cable  to 
ooomect  the  East  Africa  Company's  important  port  of  Mombasa 
with  the  more  important  port  of  Zanzibar  ;  a  work  done  entirely 
at  the  cost  of  the  fSastem  Company,  and  entirely  in  the  interest  of 
the  East  Africa  Company.  He  concluded  by  moving  the  adoption 
of  the  report  and  the  payment  of  the  dividends  recommended. 

The  llarqiils  of  Twaeddale  seconded  the  motion. 

In  answer  to  Dr.  Pocook,  the  Clialmuui  said  that  the  Directors 
of  the  Eastern  Telegraph  Companv,  of  which  he  was  shairman, 
hoped  that  the  traffic  on  the  caole  that  they  had  laid  from 
Zanzibar  to  Mombasa  would  repay  them  for  the  outlay.  They 
had,  however*  at  all  events,  done  what  they  had  considered  it 
their  duty  to  do — ^to  follow  the  flag  and  encourage  as  far  as  they 
could  the  development  of  the  country.  They  would  continue  this 
policy  wherever  they  could  do  so  with  effect. 

The  motion  was  unanimously  adopted,  and  the  retiring  Directors 
uid  Auditors  were  re-elected. 


DIRECT  UNITED  STATES  CABLE  COMPANY,  LIMITED. 

The  half-yearly  meeting  of  this  Company  was  held  on  Friday 
last,  at  Winchester  House,  Sir  John  Pender  in  the  chair. 

The  CbalriBMi  said  that  at  the  last  half-yearly  meeting  he  gave 
a  very  fall  exposition  of  the  position  of  the  Company,  and  stated 
that  he  was  a&aid  it  would  be  necessary  to  draw  special  attention 
to  the  resttve  fund.  During  the  active  competition  they  had  been 
drawing  upon  that  fund  to  some  extent  to  supplement  the  divi- 
dends and  ^<^ynfAin  them  at  3  per  cent.  He  now  found  that  it 
wonld  not  be  necessary  to  appeu  in  any  way  to  the  shareholders 
nspecting  the  fund.  It  seemed  to  have  tamed  the  comer,  and 
for  the  fint  time  during  the  past  two  or  three  years  thev  had  been 
adding  to  it  instead  of  taking  from  it,  and  it  now  stood  at  aeood 
round  vam,  which  he  hoped  might  be  still  further  increased.  They 
>tood  in  a  thoroughly  independent  position.  Their  cable  stood  at  a 
far  lower  cost  than  any  other  in  the  Atlantic ;  and,  although  it  was  a 
single  cable,  they  were  guaranteed  by  six  others,  so  that,  even  if 
it  were  tiboken  for  three  years,  they  would  get  a  small  return.  At 
the  prerant  moment,  with  the  smiling  tariff,  they  were  carrying 
quite  as  manv  messages  as  at  the  sixpenny  tariff,  but  they  were 
not  getting  that  amount  of  money  which  such  a  risky  occupation 
waa  entitloi  to,  and  he  hoped  something  would  occur  to  effect  a 
insterial  economy  in  the  working  of  the  cable.  It  was  a  imu^ifi- 
osDt  property,  and  it  would  be  a  reflection  on  all  concerned  ifthey 
did  not  manaee  in  some  way  to  give  a  fair  return  to  their  share- 
holders on  wnat  had  become  a  great  commercial  and  political 
DeoesBity. 

The  report  was  seconded  by  Kr.  W.  Ford,  and  adopted. 

The  retiring  Directors  and  Auditors  were  re-elected,  and  a  vote 
of  thanks  was  paraed  to  the  Chairman. 


Ctty  of  London  Snliwny. — We  understand  that,  bv  an  Act  of 
Parliament  recently  passed,  the  City  of  London  ana  Southwark 
Suhway  Company  wul  in  future  be  kno^n^  aB  the  City  and  South 
wndon  Railway  Company. 


COMPANIES'  REPORTS. 

EXETER  ELECTRIC  LIGHT  COMPANT. 

Directors:  Wm.  Horton  Ellis,  J.P.  (chairman);  Joseph  J. 
Darke;  Laurence  J.  Kennaway;  Walter Prine,  J.P. ;  C.  J.  B, 
Sanders ;  G.  F.  Truscott ;  Henry  Woodgates,  M.D.  ;  and  Henry 
George  Massingham  (managing  director). 

The  following  is  the  report  of  the  Directors  presented  to  and 
adopted  at  the  second  annual  general  meeting  held  at  Exeter  on 
Tuesday  last : 

The  numerous  difficulties  which  are  inseparable  from  the  oom- 
mencement  of  every  electric  light  supply  company  have  been  suc- 
cessfully overcome.  The  property  which  your  Directors  secured 
on  such  advantageous  terms  as  a  site  for  the  central  station  has 
been  thoroughly  adapted  and  fitted  opfor  the  purpose,  for  which 
its  position  makes  it  most  valuable.  The  plant  laid  down,  which 
has  been  selected  with  great  care  by  Mr.  Massineham,  the  manag- 
ing director,  and  the  electrician  in  charge,  is  of  the  highest  pos- 
sible efficiency  and  in  excellent  working  order,  as  is  testified  by 
the  fact  that  during  the  last  six  montns  no  customer  has  been 
deprived  for  a  single  hour  of  the  light  for  which  he  pays.  The 
accounts  show  a  profit  of  £165.  6s.  yd. ,  which  your  Directors  re- 
commend should  DC  carried  forward.  That  any  profit  should  have 
been  made  must  be  considered  satisfactory,  seeing  the  short  time 
that  the  station  has  been  in  anything  like  workine  order,  and  that 
neither  the  arc  nor  incandescent  dynamos  are  yet  oeing  worked  to 
their  full  capacity.  The  Company  being  now  well  established, 
and  the  supply  of  the  electric  current  perfect,  there  is  ever^ 
reason  to  expect  that  during  the  next  six  months  all  the  addi- 
tional lights  which  the  machines  are  capable  of  supplying 
will  be  t^ken  up  by  customers,  which  wonld  produce  a  good 
dividend,  to  be  augumented  as  the  demand  for  light  in- 
creases and  additional  plant  laid  down.  It  has  been  con- 
sidered desirable  to  apply  to  the  Board  of  Trade  for  a 
provisional  order  authorismg  the  Company  to  supply  electricity  in 
fiixeter,  and  the  necessary  preliminary  notices  nave  accordingly 
been  given.  This  order  wUl  place  the  Company  in  a  more  advan- 
tageous position  for  extending  its  operations,  and  will  empower  it 
to  place  the  mains  underground.  The  auditor,  Mr.  James  Knill, 
retiree,  but  is  eligible  for  re-election  and  offers  himself  accordingly. 

Profit  and  Loss  Aooouirc  to  Junk  30,  1890. 
Db.  £    8.    d. 

By  rent  for  lamps  and  current,  electrical  apparatus, 
etc.,  sold,  ana  installations  carried  out,  mcluding 

£779.  Is.  3d.  not  yet  paid  2,789    1    7 

By  stock  in  hand  to  June  30,  1890  249  17    8 


To 


Cb. 
salaries,  offices,  etc. 

Wf 


waees. 

COfU.... 


materials  for  installation 

renewals  and  repairs 

oil  and  waste 


installation  work 1,239 

printing  and  stationery 

carriage 

insurance 

rates 

posta^  and  telegrams  

sundries 

bank  interest  i 

Profit  balance 


£3,038  19 

3 

£  s. 

d. 

232  15 

0 

264  4 

7 

284  16 

0 

523  18  11 

78  18 

7 

75  4 

1 

1,239  13 

0 

9  2  10 

11  4 

2 

8  7 

6 

33  7 

9 

19  9 

8 

15  12 

1 

76  18 

6 

165  6 

7 

£3,038  19    3 
Balakcx  Sheet. 

ZdahUUiea  £     s^  d. 

To  shareholders £9,150    0    0 

Less  unpaid 186    0    0 

8,964    0  0 

,,  sundry  creditors 2,207  18  8 

„  bankers 3,364  15  8 

.  „  profit  and  loss  account 165    6  7 

£14,702    0  II 

Assets,  £      s.  d. 

By  land,  plant,  machinery,  etc 13,673    2    0 

„  outstanding  accounts 779    1    3 

„  stock  in  hand 249  17    8 

£14,702    0  11 

CHILI  TELEPHONE  COMPANT,  LIMITED. 

Report  of  the  Directors  to  be  submitted  to  the  first  ordinary 
meetmg  on  Friday  next. 

The  %oard  submits  to  the  shareholders  its  first  axmual  report 
and  the  accounts  of  the  Company  to  March  31, 1890,  duly  audited. 
The  whole  of  the  40,000  shares  offered  in  August  last  were  sub- 
scribed for  and  allotted,  and  the  full  sum  of  £5  has  been  since 
received  on  each  share.  The  purchase-money  of  the  properties  in 
Santiago,  ValparaiBO,  Concepcion,  Iquique,  ChUlan,  Talcahuano, 
Talca,  irisagua,  Serena,  Coquimbo,  Tom^,  Pence,  Coronel,  and 
Lota,  has  not  yet  been  paid  in  full  to  the  vendors.  The  transfer 
of  these  properties  was  m  due  course  made  to  this  Company  by 
the  vendor  company  in  America ;  but  some  shareholders  of  that 
Qompany,  resident  in  ChUif  obtahied  an  injunction  to  restrain  the 
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legal  reglBtratlon  of  the  traiufer,  with  a  view  apparently  to  secure 
to  themselves  a  larger  proportion  of  the  vendor  oompanv's  assets 
than  would  fall  to  tnem  upon  a  pro  rata  division  witn  tne  share- 
holders in  America.  The  action  in  the  Chilian  Court  is  between 
the  vendor  company  and  a  small  minority  of  its  shareholders.  This 
Company  is  not  a  party  to  it,  but  the  Board  has  used,  and  is  using, 
its  best  endeavours  to  remove  the  impediment  to  the  legalisation 
of  the  transfer.  Kegotiations  are  reported  to  be  pending  to  settle 
the  differences  by  compromise  or  arbitration  ;  either  mode  would 
raise  the  injunction,  and  fdlow  registration  ,to  be  completed. 
After  much  correspondence  and  considerable  loss  of  time,  the 
vendor  company  appointed  this  Company's  General  Mana- 
ger in  ChiU  to  be  the  general  manager  of  the  vendor 
company  there,  and,  oonaeauently,  since  that  appointment  the 
business  has  been  oonductea  without  serious  inconvenience.  The 
business  has  been  carried  on  for  this  Company  since  May  1,  1889, 
and  the  net  profit  to  March  31, 1890  (after  providin^^  for  the  extra- 
ordinary depreciation  in  currency)  amounts  to  £5,520.  8s.  Id. 
The  Directors  recommend  a  dividend  of  2b.  6d.  per  share,  beine  a 
fraction  more  than  at  the  rate  of  5  per  cent,  per  annum  from  tne 
time  the  capital  has  been  received  to  Maron  31  last ;  this  will 
leave  £520.  8s.  Id.  to  be  carried  forward  to  the  account  of  the 
next  year.    The  business  is  progressing  saUsfactorily. 

May  1,  1889.    March  81,  1890.    Increase. 

The  number  of  subscri- 
bers was 2,070  2,868  798 

The  gross  revenue  was 
at  tne  rate  per  annum 
of $225,357  $300,346  $74,989 

The  mileage  was 2,623  3,320i  797} 

The  above  increases  were  during  11  months  onlv.  The  General 
Manager  in  Chili  has  everv  connnence  that,  in  the  current  year, 
very  much  more  favourable  results  will  be  shown,  and  his  esti- 
mate of  improvement  is  confirmed  by  a  continuous  and  rapidly- 
increasing  aemand  for  telephones.  Negotiations  have  lately  been 
opened  for  the  sale  to  this  Company  of  the  property,  plant,  and 
business  of  the  National  Telephone  Company  oi  ChiU  (National 
Co.  Telephones  Chile),  in  Santiago  and  Vidparaiso,  and  the  Direc- 
tors have  been  advised  by  cablegram  of  the  purchase  of  the  whole 
for  £36,000.  That  company  was  the  only  competitor  with  this 
Company,  and  the  Directors  having  now,  practically,  the  con- 
trol of  the  telephone  business  in  Chili,  anticipate  that  the 
Company's  revenue  will  be  considerably  increased ;  while  the 
requirements  of  the  public  will  be  fully  met  by  necessary  exten- 
sions and  moderate  and  more  uniform  charges.  In  accordance 
with  the  articles  of  association,  the  Hon.  F.  Ernest  Allsopp  and 
Mr.  Thomas  Greenwood  retire  from  the  Board  of  Directors,  but, 
being  eligible,  offer  themselves  for  re-election.  The  auditor,  Mr. 
Thomas  A.  Welton,  also  retires,  and  offers  himself  for  re-election. 
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CITY   NOTES. 


BraiilUui  Sniimarliia  Telegrai^h  CempttDF.— The  receipts  for 
the  past  week  amounted  to  £4,750. 

Westem  and  BraiOlMi  Compaay.— The  traffic  receipts  of  this 
Company,  after  deducting  the  fifth  payable  to  the  London  Platino- 
Brazilian  Company,  were  £3,679. 

Ghlli  T^lepbone  Compaiisr,  Limited.— The  Directors,  in  their 
report  to  March  31  last,  recommend  a  dividend  of  2b.  6d.  per 
share,  leaving  £520  to  be  carried  over. 

West  Coast  of  Amerlea  Tetograph   Company,  Limited.— An 

interim  dividend  of  3s.  per  share,  has  been  declared  by  the  Board 
of  the  West  Coast  of  America  Telegraph  Company,  Limited. 

Aaglo-Amarloaa  Telegraph  Company.— The  report  shows  that 
the  total  receipts  from  the  1st  of  January  to  the  30th  of  June, 
1890,  including  £2,247  brought  forward,  were  £152,989.  This 
amount,  however,  is  subject  to  revision,  as  the  lawsuit  between 
this  Company  and  the  Paris  and  New  York  Telegraph  Company  is 
still  pending.  The  total  expenses  amounted  to  £53,945.  One 
quarterly  interim  dividend  of  12s.  6d.  per  cent,  on  the  ordinary 
stock  and  of  25s.  per  cent,  on  the  preferred  stock  was  paid  on  the 
1st  of  Mf^,  1890,  absorbing  £43,750,  and  a  second  quarterly  divi- 
dend of  Ids.  per  cent,  on  the  ordinary  stock  and  £1.  lOs.  per  cent, 
on  the  preferred  stock  will  be  paid  on  the  1st  August,  amounting 
to  £52,500,  leaving  £2,703  to  be  carried  forward. 


PROVISIONAL  PATENTS,  1890. 

July  21. 

11402.  ImprovamaBtalBoonpliDgBtoreloetrlorailwajTetaiOlea. 

Louis  Pfingst,  45,  Southampton-buildings,  London.    (Com- 
plete specification.) 

Jx7Ly22. 

11438.  Improyamaata  la  tlie  meaas  of  layiag  telegrapli  and 
otber  wires,  or  oaUoa,  or  pipes  oBdergroimd  to  fkoilitate 
inspeotlon  or  repair  and  to  avoid  diatnrliaaoe  of  road  or 
patbwaya.  Samuel  King-Church,  43,  Southampton-build- 
ings, London. 

11440.  Bloetrio  rattwaars.  Frank  Mansfield,  Norfolk  House, 
Norfolk-street,  London.    (Complete  specifioation.) 

11465  ImprovmB«Bta  rofattag  to  rlvetlBg  by  tlie  aid  of  eleo- 
trletty.  Mark  Wesley  Dewey,  45,  Southampton-buildings, 
London,    (Complete  specification.) 


11480.  ImprovamantaiBdyBamo-OlaotrlomaOliineaaadOlaetro- 
motors.  Elihu  Thomson,  45,  Southampton-buildings, 
London.     (Complete  specifications.) 

July  23. 
11490.  Improvements  ia  armatures  for  sleetrioal  apparatus 

saob  as  dynamos,  motors,  sad  traasfbrmers.     Frederick 

Henry  Royoe,  Cook-street,  Hulme,  Manchester. 
11499.  Improvsmsnts  in  dynamo^^leotrio  maohiass.     Arthur 

Ernest  Wadley,  Winchcombe,  Gloucester. 
11520.  An  improved  Oloetrie  iMfh  hnuOt.    John  Pitt  B^ly,  18, 

Fulham-plaoe,  Paddington,    London.     (Robert   WilUama 

and  Wilbur  Shook,  Umted  States.) 
11533.  An  improved  eleetrOlytlo  apparatos  fbor  forming  oopper 

ingots.     Moses   Gerrish   Farmer,    151,    Strand,    London. 

(Complete  specification.) 

July  24. 
11577.  An  improved  method  of  propelling  oarrlagos  liir  msaaa 
of  oloetrie  motors.    John  Walker  Newall,  United  Univer- 
sity Club,  Pall  Mall,  London. 

July  25. 

11853.  Improvements  in  and  eoaaseted  with  tba  elaotrle  pr»- 
pnlsion  of  vehlOles  on  railways  and  tramways.  William 
Edwin  Hoys,  70,  Market-street,  Manchester.  (Jean  Jacques 
Heilmann,  France.) 

11657.  Improvomeats  in  oloetrto  dental  plnggers.  William 
Edwin  Gibbs,  6,  Lord-street,  Liverpool.  (Complete  speci- 
fication.) 

11679.  An  improved  oloetrie  eonnsotlon.  William  Wilson  Horn, 
151,  Strand,  London.    (Hercules  Sanche,  United  States.) 

11680.  An  Improved  apparatos  fbr  prodneing  Oheets  of  matal 
by  eleotro-deposition.  Moses  Gerrish  Farmer,  151,  Strand, 
London.    (Complete  specification.) 

July  26. 

11690.  Improvements  in  Oloetm-magnotle  separators  tor  ex> 
traeting  metal  from  Olsg  aad  tlio  like.  Philip  Unwin 
Askham  and  William  Wilson,  Snnbridge-chambers,  Brad- 
ford. 

11699.  PrnoesB  fisr  oMalninc  oUorino  aad  bromine  by  tlio  aid 
of  Olootrioity.  Georj^e  Nahnsen,  89,  Chancery-lane,  Lon- 
don.   (Complete  specification.) 

11720.  Improvements  in  oooneetion  with  Oleotrlesl  tasaa. 
Reginald  John  Jones  and  George  Worrall,  on  behalf  of 
Woodhouse  and  Rawson  United,  Limited,  88,  Queen  Vic- 
toria-street, London. 

11737.  Improvements  in  posts  or  ^Ipedestsls  tor  oloetrie  ara 
lamps,  ia  the  arrangement  and  meOhanism  of  are  regu- 
lators, in  gnide  apparatus  fOr  oarhon  holders,  and  in 
apparatus  fOr  antomatioally  ontting  an  are  lamp  ont  of 
olronit.  Frank  William  Allchin  and  John  Lea,  55,  Chan- 
cery-lane, London. 


SPECIFICATIONS  PUBLISHED. 

1889. 
11332.  Dynamo  eloetro  maohines.    Hedges.    8d. 
11425.  Xlootrio  are  light  lamps.    Fischinger.    8d. 
11519.  meotrio  lamps.    Faiquhar  and  Doulton.    fid. 
11997.  Kleotrio  meters.    Emmott  and  Ackroyd.    fid. 
13001.  Beotrio  filre  alarms.    I)e  Poulpiquet.    8d. 
13282.  Beotrto  lamps.    SUtter.    8d. 
13838.  Beotrioal  onrrents.    Heaviside  and  Jackson.    8d. 
14086.  Xleotrioal  transformers,  *e.    Johnson  and  Phillips.     8d 

1890. 

4191.  Oonerating  heat,  dw.,  by  eleotrioity.    FarralL    8d. 

4949.  Oalvanio  battoHes.     Weigert.    4d. 

5764.  Bleotrioal  interoommnnioation.     Thompson  (Berne  and 
another).    6d. 

6124.  Undergronnd  eleotrio  oondnits. 

6125.  Undergronnd  oondnits.    Munsie. 
74.33.  TUophones.    Vogel  and  Calkins. 
8362.  Blootrio  looomotives.    Dnmmer.    8d. 
8578.  Kleotrio  aoenmnlators.    Johnson  (Bering).    8d. 
8703.  Xlootrio  welding.    Thompson  (Clkiffin).    6d. 
8730.  Kleotrio  soldering  irons.    Miner.    6d. 


Munsie.    8d. 
8d. 
8d. 


COMPANIES'  STOCK  AND  SHARE  UST. 


Anglo-American  Brush  

—  Pref.    

India  Rubher,  Qutta  Percha  k  Telegraph  Co 

House-to- House      

Metropolitan  Electric  Supply   

London  Electric  Supply    

Swan  United    

Grompton  &  Co.,  Pref. 

National  Telephone    

Electric  Con8truciiou...M-M-M.M*t       m-vm 


Price 

Paid. 
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day 

2 

— 

2 

10 

n 

5 
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61 
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2 

34 
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H 

5 
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10 

10 
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NOTES. 


Why  It  CkMta, — The  expenses  of  an  electric  company, 
njB  a  comic  journal,  may  bo  summed  up  as  current  ez- 

peDMS. 

A  Large  ladiuitfy, — It  is  stated  that  over  8,000  per- 
aoDs  are  employed  in  Ohicago  in  electric  railway,  telegraph, 
telephone,  and  electric  light  service. 

4 

WiKilianieal  BngliMem. — ^At  the  summer  meeting  oi 
the  Society  of  Mechanical  Engineers  at  Sheffield  this  week, 
i  paper  will  be  read  on  "The  Elihu  Thomson  Electric 
Welding  Process." 

Inereaae  of  Telaphones. — ^The  number  of  American 
Bell  telephones  for  the  month  to  June  20Ui  last^  shows  an 
increase  of  1,414.  The  total  number  of  telephones  in  use 
vas  466,334,  as  against  430,476  in  1889. 

PenonaL — ^The  Hon.  A.  B.  Coffin,  of  the  Massachusetts 
Gas  and  Electric  Light  (Commission,  is  now  on  a  European 
tour.  It  is  his  intention  to  visit  the .  principal  gas  and 
electric  plants  in  this  country  and  France. 

The  Brltisli  Asaoolatloii. — ^At  a  meeting  hdd  in  the 
Council  chanabers,  Edinburgh,  the  Lord  Provost  presiding, 
it  was  resolved  to  renew  the  invitation  to  the  British 
Aasociation  to  meet  in  Edinburgh  in  1892. 

Aaglo-Froiidh  Tetograi^hs*— The  Paris  Ohamber 
agreed  on  July  81,  without  opposition,  to  a  vote  of 
400,000f .  for  a  new  four-conductor  cable  between  Calais 
aod  Folkestone,  and  an  electric  wire  between  Paris  and 

Calais. 

Bttotrlo  Street  Signe* — ^In  St  Louis  the  name  of  the 
Btnet  is  arranged  on  the  electric  light  globes  so  that  the 
ihadow  falls  on  a  suitable  blank  wall  or  other  blank  space, 
to  be  read  by  people  passing.  The  letters  aie  formed  by 
ihaiows  about  5ft.  high. 

Hew  Tel^i^one  Sxoluuige  In  Torkehlre.— A  new 

telephonic  system  outside  the  present  company  is  being 
attempted  for  Yorkshire.  It  is  intended  to  commence  in 
Leeds,  Bradford,  Halifax,  Dewsbury,  and  Huddersfield, 
eoopling  these  towns  together  and  extending  to  others. 

Pitivlidonal  Orders, — One  hundred  and  sixty-one 
ai^lieations  for  electric  lighting  Acts  have  been  made  to 
the  Board  of  Trade  during  the  past  year.  Forty-five  were 
made  by  local  authorities,  116  by  companies  or  individuals, 
and  23  related  wholly  or  in  part  to  the  County  of  London. 

An  deotrio  Bailwasr  In  Asia. — ^It  is  reported  that 
an  electric  railway  is  to  be  built  in  Siam,  from  Bangkok  to 
Paknam,  a  distance  of  30  miles.  This  road  is  to  cost 
^,000,  and  Siamese  capital  will  be  used.  An  electric 
light  company  has  also  been  organieed,  and  the  plant 
ordered  for  &uigkok. 

Beotrlo  Works  for  Bromley, — ^The  local  syndicate 
for  the  electric  public  lighting  at  Bromley,  Kent,  have 
reaolved  that  they  will  not  favour  any  particular  company 
in  the  carrying  out  of  their  scheme,  but  will  employ  their 
own  engineer  to  get  out  estimates  and  then  invite  tenders 
from  some  of  the  best  firms. 

Ssftlmatee  for  Slieemeae.^*Mr.  Whalebone  has  given 
notice  to  the  Sheerness  Local  Board  of  Health  that  at  the 
next  meeting  of  the  Board  he  will  move  a  resolution  that 
communication  be  opened  with  electric  lighting  companies 
for  the  purpose  of  ascertaining  terms  for  the  lighting  of  the 
public  streets  of  Shoemess  with  electricity. 


FerrantI  v.  Weetinghomei — ^The  interference  appeal 
case  between  Ferranti's  application  of  April  18, 1887,  and 
Westinghouse's  patent  of  July  12, 1887,  for  improvements 
in  electric  converters  has  been  decided  in  favour  of  West- 
inghouse,  under  ruling  that  a  British  invention  cannot  be 
said  to  be  patented  until  the  final  act  of  affixing  the  seal 

Who  Owns  the  Earth  T— The  question  of  who  owns 
the  earth  in  an  electrical  sense  is  a  moot  point  between 
electric  railways  and  telephone  companies  in  the  States, 
and  often  comes  into  the  local  courts.  It  is  generally 
decided  the  earth  is  free  to  whoever  likes  to  use  it,  and  the 
telephone  companies  put  up  metallic  circuits,  leaving  the 
electric  railwajrs  in  possession. 

Lead  Polaonlnff. — A  suit  has  been  brought  in  New 
Orleans  for  10,000dols.  damages  by  a  married  woman  who 
accepted  service  in  trimming  lead  in  an  accumulator  factory 
without  being  informed  it  was  dangerous.  Lead  poisoning 
set  in,  and  her  health  became  completely  ruined.  The 
Board  of  Health  have  oidered  more  ventilation,  and  the 
matter  is  expected  to  go  farther. 

TelegranuB  to  Knglanrt, — ^The  Minister  of  Com- 
merce, when  submitting  to  the  Chamber  of  Deputies  a 
Bill  authorising  a  credit  of  400,000f .  for  laying  a  new  cable 
between  France  and  England,  drew  attention  to  the  fact 
that  the  number  of  words  transmitted  over  the  existing 
cables  during  the  past  year  amounted  to  19,930,000,  as 
against  17,717,000  in  1888.  Another  credit  of  296,000f. 
is  asked  for  to  defray  the  expense  of  laying  new  special 
wires  for  telephonic  communication  between  Biris  and 
London. 

.  Bleetrleltj  In  Spain.— The  second  number  of  La 
Gimaa  ElMriea  of  Madrid  contains  a  ocmtinuationy  with 
illustrations,  of  the  description  of  the  Madrid  central  station, 
with  other  articles.  This  number  also  conunencea  a  treatise 
upon  submarine  telegraphy  by  M.  \^^msohendor,  transited 
into  Spanish  by  the  editor,  Don  JosA  Casas  Barbosa.  Illus^ 
trations  of  the  machines  of  prominent  Switt  and  IVenoh 
manufacturers  appear,  and  it  may  form  a  valuable  medium 
for  British  electrical  engineers  to  set  forth  their  specialities 
to  Sn<^niih*sp^^^"g  people. 

The  Uffhting  of  Dneeeldorl— The  KoehUsche  Zeiiung 
in  a  report  from  Dtisseldorf  states  that  the  Corporation  of 
this  town  have  resolved  to  erect  a  central  electric  lighting 
station  for  20,000  incandescent  lamps,  at  a  cost  of  2,000,000 
marks,  with  direct  current  and  aceumidators.  The  main 
station  is  to  be  built  near  the  new  gas  works,  and  two 
smaller  stations  in  the  Bleiehstrasse  and  GrUnstrasse.  After 
a  paper  read  by  the  consulting  electrician,  Ptoi  Kittler, 
of  Darmstadt^  the  execution  of  the  plant  was  laid  in  the 
hands  of  Messrs.  Schuckert  and  Co.,  of  Nuremberg. 

Bleetrio  Cabe. — ^According  to  our  Pittsburgh  corres- 
pondent, the  latest  project  there  is  an  electric  cab  company, 
for  which  all  the  preliminary  steps  of  organisation  have 
been  taken.  There  seems  to  be  more  of  politics  than  of 
practical  science  in  the  scheme,  but  no  good  reason  can  be 
found  why  electric  cabs  should  not  be  run  successfully 
where  the  streets  are  good.  Our  recollection  of  Pittsburgh 
is  that  its  street  paving  is  poor,  not  offering  many  oppor- 
tunities for  easy  traction.  However,  the  city  is,  it  is  said, 
to  have  no  fewer  than  40  electric  cabs. — ^N.Y.  EUdrical 
Engineer. 

Westtnghonee  Altematinff-Cvrrent  Motor.— The 
long-looked'for  altematsHsurrent  motor  s^eios   to   hav^ 
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•furived'  at  kuit  It  ia  reported  that  the  Westiiighouse 
ChMapany  §jid  now'  making  a  new  motor  for  alternating 
cUrrento,  which  'they  olaini,  owing  to  its  many  advantages 
over  any  similar  mbtbr,-  is  bound  to  become  a  great  success. 
As  it  does  not  require*  any  higher  tension  than  an  ordinary 
SO-Toh  alternating  eoirent,  its  usefuhiess  makes  it  especially 
commendable  fpr  the  running,  of  sewing  machines  and  other 
minor  requirementcf  of  power.  The  company  has  alr^y 
receiyed  orders  for  500  motors. 

Tlio  Volt  Defined. — ^A  dailjr  nowqpaper  in  one  of  the 
American  western  cities  undertakes  to  inform  its  readers  in 
unscieo^fio  t^rms  as  to  the  real  value  of  a  volt^  and  does  it 
in  this  graphic  way :  '*  The  volt  gives  one  a  blow  of  a  specified 
f orc^.  As  volts  are  added  together  the  force  of  the  blow  is 
increased  until  the  endurance  limit  is  reached.  It  takes 
aboui  i5  volts  to  make  a  perceptible  tingling  sensation. 
"Wlien^O  volts  pass  through  the  body  the  tingling  sensa- 
tion becomes  unmistakable,  but  not  strong,  while  100  volts 
feels  lively,  200  voltfl  strong,  300  volts  powerful,  400  volts 
11tani<^  and  600  volts  will  knock  a  man  flat." 

West  ef  XngUuid  Telephones. — ^We  have  received 
tile  ktest  edition  of  the  West  Counties  and  South  Wales 
Telephone  Company's  list  of  exchange  subscribers.  The 
Hat  has  grown  to  a  book  of  336  pages,  and  is  evidence  of 
the  continual  energy  and  enterprise  of  the  company  in  the 
extensidn  6f  their  system.  The  trunk  lines  radiating  from 
Bristol  now  ate  shown  on  one  side  to  Cheltenham  and  Bath, 
and  on  the  other  to  Cardiff,  S?ranse&,  and  Mdrthyr  Tydvil. 
Lines  are  proposed  to  connect  this  centre  to  London,  Ports- 
modth,  and 'Plymouth ;  to  Falmouth,  to  Milford  ahd  north 
to  Liverpool  and  Lancashire,  to  Birmingham  and  the  Mid- 
landf-r-the  latter  line  being  now  actively  in  progress. 

aueetvle  BBeontleii. — ^The  murderer  Kemmler,  after 
many  respites  "or  delays,  was  at  last  executed  by  electricity 
at  Auburn  Prisoni  New  York,  on  the  morning  of  August  6. 
The  event  was  the  oeoasion  of  a  disgraceful  display  of  ex- 
citement not  less  unworthy  than  that  of  a  bull  fight,  per- 
faotly  degrading  both  to  the  people  and  the  authorities, 
andweshoukl  hope  little  likely  to  occur,  again.  •  The  man 
WW  pmioped,  and  the  current  at  1,800  volts  turned  on. 
There  was  yet  evidence  of  respiration,. and  tiie  current  was 
again  turned  on  twioe  more,  till  smoke  appeared  from  his 
back  and  "  odour  of  burning  flesh  "  spread  over  the  apart- 
ment in  which^  26  persons,  including  newspaper  corres- 
pondents^ watched  the  sickening  experiment. 

:  OffOirden«-rThe  Board  of  Trade  .have  addiessed  a  letter 
to  tih&.OoydonCouBtyCouncil  stating  that  they  are  willing 
to  aUow  the  Crystal  Pdaoe  District  Electric  Lighting  Older 
V>ptOoeed,  leaying  it  to  the  London  County  Council  to 
0[ipQie  it  in  Parliament;  but  that  the  promoters  have 
requested  the  Board  to  amend,  the  order  by  striking  out 
the  portion  o(  the  borough  of  Croydon  embraced  in  the 
area  of  supply.  Under  these  circumstances,  the  Board  of 
IVade  state  that  they  can  only  give  effect  to  the  wishes  of 
the  promoters,  and  agree  to  the  order  being  amended  as 
proposed.  At  the  meeting  of  the  Council,  some  regret  was 
expressed  that,  this  being  the  case,  the  portion  of  Upper 
Norwood  which  is  within  the  borough  will  not  be  included 
in  the  district  of  supply  under  the  provisional  order. 

Therme  -  Maffnetto  Apparatus, — Two  pieces  of 
laboratory  apparatus  ha.ve  been  devised^  says  the  Electrical 
IForld^  by  J.  Stefan,  to  exhibit  thermo-magnetic  pheno- 
mena. The  fiist,  a  thermo-magnetic  pendulum,  consists  of 
Kf  nickel  ii^gteentriftlatfhed  to  the  end  of  a  strip  of  brass, 
whidi  i»'  mofable  roond  a  horiaontal  axis,  and  is  provided 


above  this  axis  with  a  sliding  weight.  When  at  rest  the 
nickel  segment  lies  between  the  poles' of  a  horseshoe  magnet. 
On  heating  one  end  of  the  segment,  however,  that  end 
immediately  moves  upward,  and  if  the  heating  is  continued 
a  regular  oscillation  may  be  started.'  The  second  piece  of 
apparatus  is  merely  a  nickel  disc,  which  can  rotate  around 
an  axis  passing  through  its  centre  of  gravity.  The  poles 
of  a  horseriioe  magnet  covto  a  portion  of  the  rim,  and  on 
heating  another  portion  the  wheel  commences  to  rotate, 
and  under  favourable  conditions  can  be  made  to  revolve  at 
the  rate  of  60  revolutions  a  minute. 

Sleettlo  miners*  Lamp. — ^A  new  electric  miners' 
lamp  is  reported  from  Paris,  devised  by  M.  Constant 
Bousseaii,  manufacturer  of  electrical  apiNLratus,  and  is  ex- 
pected to  "  solve  at  last  the  problem  so  long  sought  of  a 
portable  electric  lamp  for  miners."  It  does  not  appear, 
however,  to  be  vastly  different  from  several  fairly  well- 
known  lamps  of  this  description,  whose  descriptions  we  have 
given  from  time  to  time.  The  lamp  of  M.  Sousseau  con* 
tains  a  Plants  accumulator,,  arranged  after  the  manner 
proposed  by  M.  Pollak.  Externally,  it  ^orms  an  upright 
square,  divided  into  four  cells  diagonally,  and  is  about  the 
same  size  as  an  ordinary  miner's  lamp.  It  carries  a  very 
small  incandescent  lamp,  protected  by  a  second  glass  bulb. 
The  weight  is  about  4^1b.,  and  the  duration  of  lighting  is 
11  hours.  The  charge  required  is  12  hours.  The  price  of 
the  lamp  at  present  is  30f.  (24s.)  each,  but  this  will  be  less 
when  made  in  quantity.  A  specimen  lamp  has  been  sub- 
mitted to  the  Soci^t4  de  ITndustrie  Min^rale,  and  has  been 
favourably  reported  upon. 

Ugbt  of  the  Firefly. — ^The  nature  and  source  of  the 
light  e^iv^en  out  by  the  firefly  has'  long  been  a  puzzle  to 
scientists.  Prof.  S.  P.  Langley,  of  New  York,  has  lately 
been  investigating  this  question,  largely  by  the  use  of  the 
spectroscope.  He  finds  the  light  is  substantially  from  the 
green  side  of  the  spectrum.  It  is  of  oxceedingly  narrow 
r^Qge  of  refrangibilityj  extending  <^ly  from  F  to  C,  and 
culminating  in  the  green,  so  that  it  contains  no  appreciable 
heat .  The  amount  of  heat  yielded,  as  measnred  with  Prof. 
Langley's  wonderfully  delicate  "bdoscope,"  is  less  than 
1  per  cent  of  that  given  out  with  an  equal  amount 
of  light  from  the  candle  and  other  common  combustible 
illuminants.  That  the  light  produced  by  the  firefly  is  a 
chemical  product  would  seem  to  be  indicated  by  the  fact, 
established  by  Prof.  Langley,  that  it  decreased  by  the  pro 
cesses  which  checked  combustion,  and  increased  by  the 
opposite  that  nitrogen  quenches  it  and  oxygen  stimulates  it, 
while  the  product  of  the  operation;  whatever  it  may  prove 
to  be,  is  apparently  carbon  dioxide.  It  may  prove,  however, 
so  far  as  can  be  judged  at  present,  that  these  effects  are 
simply  those  of  variation  of  the  vital  powers  and  a  resulting 
variation  in  intensity  of  the  light.  ' 

Fear  Dynames  Driven  Direct. — A  method  of  direct 
driving  of  dynamos  proposed  by  M.  'Hamon  is  described 
and  illustrated  in  Cosmos^  in  which  four  dynamos  can  be 
driven  without  countershafting  from  one  engine,  doing 
away  With  belts,  shafting,  or  pulleys.  The  engine  is  sup* 
posed  to  be  of  the  speed  ordinarily  met  with  in  factories, 
about  100  revolutions  per  minute.  On  each  side  of  the 
engine,  on  the  axles,  is-  arranged  fricdonal  wheels, 
in  the  form  of  large  hollow  cones — ^an  inner  and 
an  outer — ^revolving  in  opposite  directions,  by  means 
of  cogs.  Each  of  these  pair  of  friction  cones 
drives  two  dynamos,  gripping  the  pulley  of  the  dynamo 
between  the  revolving  cones.    The -dynamos  are  arranged 
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diagonally  to  the  baae  of  the  engine  at  the  four  corners  of 
its  base,  and  the  employment  of  the  mechanical  disposition 
istfaoaght  to  give  advantages  which  should  warrant  its 
idoption  in  certain  cases  where  the  use  of  belts  is  not 
adviaable.  We  should  have  thought  the  use  of  a  larger 
dynamo  driven  direct  would  have  sufficiently  fulfilled  the 
conditions,  but  if  any  engineers  are  convinced  in  the  words 
of  the  description  that  the  method  suggested  is  *'  a  veritable 
{ffogresB,"  it  will  be  interesting  to  hear  of  its  employment. 

OpeninflT  of  the  Southend  Tramway. — Messrs. 
Crompton  and  Co.,  Limited,  have  started  running  an 
electric  tiamcar  along  the  pier  at  Southend.  The  engine, 
boiler,  and  dynamo  are  situated  under  the  arches  a  foot 
from  the  entrance  of  the  pier,  and  the  current  is  conducted 
along  the  central  rail  for  three-quarters  of  a  mile  down  the 
pier.  The  car  holds  about  40  persons,  and  travels  at  the 
nte  of  about  16  miles  an  hour,  doing  the  journey  in  about 
three  and  a  half  minutes,  which  takes  nearly  15  minutes  by 
horse  traction.  The  line,  which  has  been  carried  out  in  a 
very  expeditious  manner,  was  certified  by  Dr.  Hopkinson 
on  Friday  last,  when  he  expressed  himself  highly  gratified 
at  the  result.  On  Saturday  afternoon,  after  a  few  trial 
nina,  it  was  handed  over  to  the  Local  Board  for  public  use 
at  four  o'clock.  Immediately  large  numbers  of  people 
availed  themselves  of  it,  and  all  day  on  Monday  (Beaik 
Holiday)  the  car  was  well  patronised.  As  this  is  a  highly 
atisfactoiy  exhibition  of  cdectric  traction,  situated  a  short 
distance  from  London,  it  will  no  doubt  be  visited  by  every- 
body interested  in  this  particular  work.  Messrs.  Cromp- 
tons  inform  us  that  they  are  willing  to  give  any  informa- 
tion to  those  who  require  it  and  will  call  at  their  offices, 
Mansion  House-buildings,  before  proceeding  to  Southend. 

Inatitiate   of  Medloal    Eleotrlolty. — ^Larger   and 
more  commodious  premises  have  been  taken  by  the  Insti- 
tate  of  Medical  Electricity,  Limited,  at  35,  Fitzroy-square, 
W.    Increasing  work  and  the  need  for  being  nearer  the 
f^t  medical  centres  of  Harley-street  and  Wimpole-street, 
induced  the  directors  to  make  the  change.   They  have  taken 
one  of  the    old-fashioned  substantial  residences  on  the 
Grafton-street  side  of  the  square.    This  contains  many 
lai^ge  light  and  airy  rooms,  well  adapted  to  the  purposes  of 
the  institute,  and  the  house  has  been  redecorated  from  attic 
to  basement.     The  apparatus  has  been  carefully  removed 
from  the  old  quarters  at  34a,  RegentHstreet,  and  new  ap- 
paratos  has  been  added,  so  that  greater  facilities  for  elec- 
trical treatment  are  now  available.    We  understand  that 
inereasing  use  is  being  made  of  treatment  by  what  is 
termed  "  Cataphoric  Medication,"  or  the  passage  of  drug 
■olutions  through  the  skin  by  means  of  electric  currents. 
This  method  of  obtaining  strongly  localised  action  has  been 
developed  from  its  experimental  stage,  and  first  brought 
into  practical  use  at  the  institute  under  the  auspices  of  Dr. 
Arthur  Harries  and  Mr.  H.  Newman  Lawrence,  and  we  are 
told  that  it  has  already  proved  very  successful.    There  is 
eTidently  large  scope  for  the  work  of  the  institute,  and  the 
tQcceas  already  attained  promises  further  progress. 

BleotFolytlo  Maniifiaotiire  of  Vermillion. — ^The 
following  process  is  given  in  the  Moniieur  Industrid  for  the 
production  of  vermillion  by  electrolysis :  On  the  interior 
rorface  of  a  wooden  vessel,  3ft.  in  diameter  and  6ft  high, 
circular  shelves,  about  6in.  deep,  are  arranged,  upon  which 
mercury  is  placed  to  the  depth  of  fin.  These  plates  are 
connected  to  the  positive  pole  of  a  dynamo.  At  the  bottom 
of  the  vessel  is  a  plate  of  copper,  electroplated  with  steel, 
uul  connected  witii  the  positive  [9  negative]  pole,    The 


vessel  is  filled  with  an  8  per  cent,  solution  of  ammonic 

nitrate  and  8  per  cent,  solution  of  sodic  nitrate.    A. syphon 

pierced  with  holes  conveys  a  constant  and  regukr  current 

ot  gaseous  hydric  sulphide  ;  the  excess  of  this  gas  escaping 

through  a  tube  traversing  the  cover.    A  helical  agitator 

maintains  the  components  of  the  fluid  in  a  state  of  perfect 

admixture.    When  the  electric  current  passes,  a  red  pre* 

oipitate  of   sulphide  of  mercury  is  immediately    formed. 

An  attempt  has  been  made  to  dispense  with  the  hydric 

sulphide  by  making  the  bath  consist  of : 

Water 100  litres 

Ammonic  nitrate  8  kilogrammes, 

Sodic  nitrate 8  „ 

Sulphide  of  sodium  8  „ 

Sulphur 8  „ 

Under  these  conditions  it  is  only  necessary  to  add  sulphur 
and  mercury  in  order  to  obtain  at  the  end  of  the  operation 
vermillion  which  is  comparable  with  that  obtained  by 
means  of  ammonic  sulphide. 

Boston  Cleotrio  Railway. — The  West  End  Railway 
Co.  is  making  good  progress  in  its  work  of  equipping  street 
railway  lines  in  Boston,  U.S.,  for  electric  traction.  The 
system  when  completed  will  have  a  total  extent  of  over 
250  miles,  covering  a  territory  nearly  100  square  miles  in 
extent  The  new  rails  weigh  741b.  per  yard,  and  are  laid  on 
stringers  resting  on  cross-ties.  Up  to  date  the  company 
has  laid  about  100  miles  of  this  track,  52  of  which  have 
been  laid  during  the  present  year.  About  800  men  are 
now  engaged  in  the  work  of  track  reconstruction.  The 
following  details  of  the  central  power  station  are  given  in 
the  N.T.  Engineering  News,  The  foundations  will  be  of 
heavy  masonry  resting  on  piles.  The  chimney  will  be 
250ft.  high,  27ft.  8in.  outside  diameter  at  the  base  and  17ft. 
at  the  top.  About  SOft.  have  now  been  completed.  Power 
will  be  furnished  by  13  triple-expansion  Beynolds-Gorliss 
engines,  each  of  1,750  h.p.  Each  engine  will  run  four  300 
h.p.  dynamos,  or  a  total  15,600  e.h.p.  Another  cen- 
tral station  of  about  9,000  h.p.  will  be  located  in  East 
Cambridge,  where  works  have  been  purchased  by  the  com- 
pany. The  temporary  stations  erected  to  furnish  power 
for  the  lines  now  in  operation  while  the  new  lines  are  being 
erected  are  of  no  small  capacity.  On  the  night  of  July  4, 
when  the  great  crowd  who  went  out  to  witness  the  fire- 
works was  riding  home,  the  ammeter  is  stated  to  have 
showed  a  total  of  about  3,900  h.p.  generated  at  the 'central 
station. 

Unit  of  Self-Indaotioii« — The  Ameiican  Institute  of 
Electrical  Engineers  are  intending  to  take  up  the  question 
of  the  name  Henry  as  a  unit  of  self-induction.  At  the  last 
meeting  it  was  resolved  that  the  name  of  Henry  should  be 
given  to  the  practical  unit  of  self-induction,  since  he  was 
the  discoverer  and  greatest  investigator  of  this  phenomenon, 
and  because  this  unit  at  the  present  time  is  called  a  quad- 
rant)  which  is  merely  a  numerical  value,  and  not  a  suitable 
name;  and  that  the  institute  recommend  to  electrical 
societies  and  electrical  engineers  the  general  use  of  the 
name  Henry  for  the  unit  of  induction  as  being  the  quickest 
and  surest  way  to  secure  its  final  adoption.  It  is  unfortu- 
nate, says  the  official  note,  that  the  name  of  Henry  for  the 
unit  of  induction  was  not  adopted  at  the  Paris  Electrical 
Congress  of  1889.  If  the  attention  of  the  congress  had 
been  forcibly  called  to  the  fact  that  Henry  discovered 
self-induction,  and  that  his  work  on  both  self  and  mutual 
induction  was  of  the  greatest  importance,  his  name  would 
probably  have  been  adopted  then.  Henry's  discovery  of 
s^lf-iuduQtion,  wl|ich  is,  of  course,  the  fact  that  gives  the 
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strongest  olaim,  was  made  in  1832,  and  published  the  same 
year  in  SiUman's  Jornnal,  In  that  paper  he  described 
experiments  showing  that  the  spark  obtained  by  breaking  a 
circuit  composed  of  battery  and  a  long  wire  is  greater  than 
with  a  short  wire,  and  that  the  spark  is  further  increased 
by  coiling  the  wire.  He  then  clearly  states  that  the 
phenomenon  is  due  to  the  action  of  the  current  on  itself, 
all  of  which  is  perfectly  correct,  and  would  be  a  good  state- 
mentof  the  facts  even  at  the  present  time. 

■leotrio  Canal  Traotion. — ^An  electrical  engineer  of 
Buffalo  has  been  suggesting  a  scheme  for  reducing  the  cost 
of  transportation  on  the  Erie  Canal.  His  plan  is  to  apply 
an  overhead  line  and  trolley  in  the  same  way  as  for  street 
railways  to  the  canal.  If  the  overhead  trolley  system  can 
be  applied  to  street  railways  at  a  cost  of  about  half  that  of 
horse  power,  he  argues,  why  can  it  not  be  made  to  take  the 
place  of  canal  horses  with  a  similar  reduction  in  cost  1  The 
poles  and  other  appliances  for  the  overhead  wires,  and,  infact^ 
the  whole  plant,  covering  the  entire  length  of  the  canal, 
could  be  readily  arranged  without  hindrance  to  navigation. 
Power  stations  could  be  placed  as  to  work  sections  of  30 
nules  on  either  side,  being  60  miles  apart,  and  at  some 
points  water  might  be  utilised.  To  obviate  the  wash  from 
propellers  he  suggests  the  use  of  a  twin  screw  wheel  or  a 
wheel  working  low  in  the  water.  The  electricity  might  be 
used  to  light  the  canal  as  well  as  the  boats,  and  a  telegraph 
system  could  be  arranged  on  the  poles  used  in  supporting 
the  trolley  wires.  One  man  could  handle  the  trolley,  and 
at  the  same  time  care  for  the  rudder.  In  Paris,  we  remem- 
ber, there  is  a  long  canal  line  with  a  constantly  moving 
overhead  steel  cable  for  canal  boats  to  hitch  themselves  to. 
U  such  a  method  as  that  paid  with  the  constant  and  heavy 
loss  of  power,  it  is  certainly  possible  that  canal  traffic  might 
be  propelled  electrically.  There  is  a  tendency  at  the  present 
to  revive  canal  traction  for  heavy  work.  If  such  a  scheme 
as  that  suggested  could  be  tried  on  the  large  canals  in  the 
States,  it  might  demonstrate  the  way  in  which  other  coun- 
tries could  utiUse  electricity  for  canals. 

CHiiia-Sdifloii  Torpedo.— The  following  details  are 
givttd  of  the  Sims-Edison  torpedo,  recently  tested  before 
naval  and  military  experts  in  America.  The  torpedo 
has  a  long,  thin,  cigar-shaped  body,  which  contains 
at  its  point  the  dynamite  charge;  in  the  centre  a 
drum  of  two  miles  of  electric  cable,  and  at  the  rear 
the  motor  to  which  the  propeller  is  fastened  direct. 
The  cable  is  paid  out  as  the  motor  progresses,  and  no  drag 
is  therefore  experienced  by  the  conductor.  A  float  like  a 
long,  thin  racing  boat^  is  connected  to  the  torpedo, 
and  keeps  it  a  few  feet  under  water,  this  float  being 
hinged,  and  made  raking  so  that  it  can  dive  under  logs  or 
similar  obstacles.  Two  flags  or  posts  serve  as  guiding 
marks.  On  the  trial  the  torpedo  ran  out  into  Long  Island 
Sound,  a  distance  of  one  mile,  in  three  minutes,  and  was 
under  the  complete  control  of  the  dynamo  man  on  the  shore 
station.  A  speed  of  22  miles  an  hour  has  been  obtained. 
The  motor  at  full  speed  can  absorb  30  h.p.,  available  for 
propulsion.  Tne  torpedo  is  built  in  four  sections,  which 
can  be  taken  apart  or  put  together  in  15  minutes ;  and  none 
of  these  parts  weigh  over  5001b.  In  working  from  a  shore 
station  the  length  of  reach  would  be  two  miles.  On  a  war- 
ship the  idea  would  be  to  have  two  torpedoes  to  accompany 
the  vessel,  driven  from  its  dynamos,  and  on  approaching  an 
adverse  vessel  to  stop  the  sUp  itself  and  send  forward  the 
torpedoes  to  blow  up  the  enemy.  When  the  torpedo  strikes 
and  its  motion  is  arrested  the  extra  strain  thrown  on  the 
motors  is  indicated  at  oncQ  on  the  ammeters,    The  charge, 


of  2501b.  to  6001b.  explosive,  is  exploded  by  reversing  the 
current.    The  steering  is  done  by  a  polarised  relay. 

Theory  of  BKagnetic  Unes  of  Foroe. — ^The  fol- 
lowing abstract  is  given  in  the  Journal  of  the  Institution  of 
a  paper  by  EL  Eahle, ''  On  the  Theory  of  Magnetic  Linea 
of  Force,"  in  the  EleUrotechnische  Zeiisehrift  (vol  10,  pp. 
466  and  527,  1889) :  The  author's  object  was  to  test  experi- 
mentally the  theory  of  electromagnetism  which  has  been 
developed  by  J.  and  K  Hopkinson  and  6.  Ejipp.  Two 
bars  of  soft  annealed  Swedish  iron  were  bent  into  the  form 
of  horseshoes  with  parallel  limbs,  and  each  limb  was  par- 
tially surrounded  by  a  magnetising  coil.  The  electromag- 
nets were  then  placed  with  their  poles  facing  each  other,  first 
in  contact,  and  then  separated  by  measured  small  intervals. 
The  numberof  linesof  force  forvarious  current-strengths  were 
then  determined  at  the  poles,  at  the  bend,  and  over  the 
magnetising  coils  by  means  of  secondary  coils  and  a  ballistic 
galvanometer.  The  distribution  of  the  lines  of  force  was 
also  observed  directly  by  means  of  iron  filings,  and  photo- 
graphs illustrating  the  results  obtained  are  given  in  the 
paper.  The  results  of  the  observations  were  in  agreement 
with  the  theory  under  consideration  when  the  interval 
separating  the  poles  was  small,  but  deviated  more  and 
more  from  those  calculated  from  theory  as  the  interval 
increased.  The  author  attributes  this  to  the  method  of 
measurement  employed  not  being  adapted  to  give  correct 
results  when  the  distribution  of  magnetic  force  is  of  the 
complicated  character,  indicated  by  the  iron  filings  for  con- 
siderable intervals  between  the  poles.  This,  however,  is 
not  of  very  great  practical  importance,  as  in  any  properly  con- 
structed dynamo  the  ratio  of  the  interval  between  the  polee 
to  their  cross  section  would  be  small  enough  to  bring  them 
within  the  limits  within  which  the  results  deduced  from 
the  observations  are  in  agreement  with  the  theory. 

A  Runaway  Bloottle  Car. — A  graphic  account  ia 
given  in  a  Baltimore  paper  of  a  runaway  electric  car  which, 
fortunately,  did  not  kill  anybody  or  even  do  any  damage, 
though  it  doubtless  well  frightened  the  passengers.  "It  was  a 
North-avenue  car,  leaving  at  8  o'clock  in  the  evening  and 
was  crowded  with  passengers,  who  were  packed  inside  and 
on  the  platforms  like  sardines.  The  conductor  on  the  rear 
platform  yelled  '  All  aboard  V  and  released  the  brake. 
The  machine  moved  ofi*,  gaining  speed  every  second.  It 
was  dusk,  and  persons  on  the  road  could  not  be  recognised 
from  the  car.  When  the  machine  got  a  start  of  a  couple 
of  hundred  f eet^  a  man  was  seen  running  after  it,  waving 
his  arms  frantically  and  yelling  vociferously.  The  conduc* 
tor  waited  awhile  to  see  if  the  man  wanted  a  ride  very 
much  before  he  touched  the  bell  cord.  The  man  acted  as 
though  his  life  depended  on  catching  the  car,  and  the  con- 
ductor pulled  the  rope.  On  sped  the  car  at  an  increased 
rate  of  speed.  A  second  passed,  two,  three,  four,  and  still 
the  car  did  not  slack.  The  conductor  pulled  the  rope  again 
viciously,  thinking  the  engineer  did  not  hear  the  first  ring, 
A  third  time  the  bell  was  rung,  and  still  the  machine  was 
increasing  in  speed  and  was  descending  a  long  and  steep 
grade.  The  conductor  leaned  over  the  side  of  the  platfonui 
and  yelled  at  the  engineer,  but  received  no  response.  The 
posts  along  the  route  flew  by  rapidly,  and  the  car  was 
moving  at  the  rate  of  30  miles  an  hour.  The  conductor 
tumbled  over  the  persons  standing  in  the  car  as  he  rushed 
through  to  the  front  platform.  No  engineer  was  there. 
The  brakes  were  found  to  be  unmanageable,  and  the  car 
could  not  be  stopped  until  it  ran  some  distance  up  the  next 
bill    The  car  stood  there  five  minutes,  when  the  engineer, 
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Geoige  Olenn,  reached  it,  out  of.  breath.  He  was  the  man 
seen  waving  at  the  car  at  the  terminus,  and  the  car  rushed 
maaterless  at  a  terrific  rate  of  speed  down  a  steep  grade  for 
more  than  half  a  mile."  The  car  wanted  an  automatic 
brake  to  act  beyond  a  certain  speed  like  that  recently 
tested  at  Grimsby.  An  arrangement  of  this  kind  is  a 
necessity  where  there  are  steep  inclines. 

Cluunbar  of  Commeroe. — On  Wednesday  the  Elec- 
tric Trades  Section  of  the  London  Ghamber  of  Commerce 
held  their  last  summer  meeting  before  the  holidays.    The 
first  business  was  to  receive  the  resignation  of  Mr.  Trotter, 
who  had  accepted  an  appointment  elsewhere.    The  regret 
of  the  members  was  expressed  for  the  loss  of  his  services, 
and  their  indebtedness  for  a  great  deal  of  irksome  work 
and  investigation  in  the  matter  of  railway  rates,  screw 
cutting  gauge  and  other  questions.  Major  Flood  Page  said 
that  he  and  Mr.  Garcke  would  have  something  to  propose 
as  to  the  further  carrying  on  of  the  duties  next  meeting. 
The  next  question  dealt  with  was  the  Board  of  Trade  regu- 
lations for  overhead  wires,  especially  as  regards  regulations 
9  and  12.    These  stipulated  that  every  high-pressure  aerial 
conductor  must  be  insulated  to  the  thickness  of  at  least 
^th  of  an  inch,  and  that  when  the  pressure  exceeds  2,000 
volts  the  thickness  of  insulation  must  be  not  less  in  inches 
than  the  number  obtained  by  the  volts  divided  by  20,000. 
This  regulation,  it  was  found  in  the  case  of  parallel  alter- 
nate transformer  distribution,  produced  a  monstrosity — ^the 
No.  13  and  14  wire  used  on  some  installations  with  ^in. 
insulation  was  a  ridiculous  object,  while  the  regulation 
would  in  some  cases  cause  the  cost  to  be  raised  from  £28  to 
£75  per  mile,  which  in  a  contract  of  40  miles  was  a  serious 
matter.    The  Board  of  Trade  has  been  written  to,  and  had 
replied  that  they  must  refuse  to  change  the  regulations,  as 
the    safety    of   the    public    was  their  first  consideration, 
but  any  installation  would  be  considered  on  its  merits. 
It  was  decided  to  form  a  committee  of  professors  with 
manufacturers  and  users  of  wire  to  meet  the  Institution  of 
Electrical  Engineers, and  the  followingresolution  was  moved: 
"  That  the  chairman  be  requested  to  draw  up  a  short  state- 
ment of  the  disadvantages  and  hindrance  to  the  electrical 
trade  of  some  of  the  Board  of  Trade  regulations,  together 
with  the  resolution  which  has  been  also  sent  to  the  Board 
of  Trade,  and  with  a  copy  of  the  letter  from  the  secretsKry 
of  Ae  Board  of  Trade,  and  send  them  to  the  Institution  of 
Electrical   Engineers,    with   a    request   that    they    will 
appoint  a  committee  to  meet  a  committee  of  this  sec- 
tion to  discuss  the  questions  involved,   with  a  view  to 
getting   the   Board    of   Trade   to  reopen  the  subject" 
The  request  of  the  Chemical  Section  to  consider  the  amend- 
ment of  the  disclaimers  in  patent  law  was  considered,  the 
point  being  that  a  person  could  now  patent  a  number  of  things 
he  had  not  tried — chemical,  or  other  combinations — and 
afterwards  disclaim    them.     Mr.  Swinburne  advised  the 
total  abolition  of  the  disclaimer  rule.    It  was  resolved  that 
if  the  Chemical  Section  held  a  committee  the  Electric  Section 
should  send  representatives.     The  Frankfort  Exhibition 
was  the  next  question  on  the  agenda,  and  it  was  stated  that 
proposing  exhibitors  should    notice    that    the   time  for 
receiving  foreign  exhibits  had  been  extended  to  September 
30.    In  answer  to  the  request  for  appointment  of  jurors 
at  the  Edinburgh  Exhibition  it  was    resolved    that  the 
notice  was  too  late  for  anything  now  to  be  done,  and  the 
section  could  not  therefore  undertake  to  nominate  jurors. 
The  report  with  reference  to  the  decision  as  to  railway 
rates  by  the  Board  of  Trade  was  presented  by  Mr.  Trotter. 
The  gist  of  the  recommendations  c^  inflecting  electrical 


trades  we  give  elsewhere.    The  section  will  n«t  meet  again 
till  October. 

St.  PaaonuB :  Tonderft  Aooopted. — ^A  special  meet- 
ing of  the  St.  Pancras  Vestry  was  held  on  Wednesday  to 
consider  the  report  of  the  Electricity  Committee  recom- 
mending the  acceptance  of  tenders  amounting  in  the  aggre- 
gate to  £50,946.  4s.  3d.  for  the  establishment  of  an  electric 
light  station  and  distribution  for  10,000  incandescent  lights 
of  16  c.p.  and  40  arc  lights.  Mr.  W.  H.  Preece,  F.RS., 
who  had  examined  the  plans  and  specifications  prepared  by 
the  Vestry's  engineer.  Prof.  Robinson,  and  approved  by  Dr. 
Hopkinson,  regarded  them  as  "  very  complete,  thoroughly 
considered,  and  well  worked  out."  Mr.  Preece  commended 
the  course  pursued  by  the  Vestry  as  "  wise,"  and  the  system 
— the  direct  continuous-current  system — which  they  had 
adopted  was,  he  said,  likely  to  '*  obtain  all  the  results  that 
have  been  foreshadowed.  The  ratepayers  will  secure  the  b'ght 
at  the  cheapest  rate,  and  the  profits  accruing  from  private 
lighting  can  be  devoted  either  to  the  reduction  of  rates 
or  to  the  expense  of  public  lighting."  Replying  to  Mr. 
Clements,  Mr.  Andrew  Sweet,  the  chairman  of  the  com- 
mittee who  had  moved  the  adoption  of  the  report^  said  the 
Vestry  by  its  provisional  order  was  empowered  to  charge  7d. 
or  8d.  per  unit  It  was  allowed  to  make  7  per  cent,  profit, 
and  when  this  was  reached  the  consumers  were  entitled  to  a 
reduction  of  the  cost  of  the  light.  In  one  of  the  com- 
mittee's reports  it  was  suggested  that  the  electric  light 
could  be  supplied  at  4^  per  unit  The  London 
County  Coundl  had  abready  lent  the  Vestry  £10,000 
to  acquire  the  site  in  Stanhope-street  for  the  pur- 
pose of  an  electric  station.  Mr.  Clements  said  the 
promises  and  hopes  on  which  the  Vestry  were  induced  to 
accept  the  scheme  of  electric  lighting  had  been  already 
falsified.  Originally,  Mr.  Gibb,  their  vestry  clerk,  estimated 
the  entire  cost  at  £50,000.  That  was  to  provide  10,000 
incandescent  and  90  arc  lights.  The  90  arc  lights  had 
dwindled  to  40.  They  had  no  estimate  in  the  latest  report 
of  what  the  profit  would  possibly  be.  Including  the  cost, 
repaying  principal  and  paying  interest  on  the  loan  to  be 
secured — ^the  loan  being  for  30  and  not  42  years — and 
allowing  £5,000  for  extras,  he  estimated  that  the  Vestry,  if 
they  adopted  the  report,  would  commit  itself  to  an  expen- 
diture of  £71,000.  He  doubted  whether  the  County 
Council  would  be  able  to  advance  the  Vestry  a  loan  for 
£50,000  for  the  purposes  of  electric  lighting.  Mr.  Crow 
proposed  an  amendment  that  the  report  of  the  committee 
be  referred  back  to  the  committee,  and  that  the  further  con- 
sideration of  the  report  be  adjourned  until  a  fresh  estimate 
has  been  presented.  He  contended  that  a  private  company 
could  supply  the  electric  light  better  than  a  public  body, 
and  that  private  individuals  could  do  so  better  than  either. 
Upon  a  division  after  discussion,  the  amendment  was  nega- 
tived by  47  to  7,  and,  in  the  result,  the  original  motion  for 
the  adoption  of  the  committee's  report  was  carried,  and  the 
necessary  tenders  were  accepted.  The  tenders  are  as  follows: 
1.  Buildings,  Kirk  and  Randall,  £4,629 ;  2.  BoUers,  etc.. 
The  Babcock  and  Wilcox  Company,  £3,674.  10s.  6d.  3. 
Engines,  dynamos,  etc.,  Willans  and  Robinson,  £16,327. 
4.  Switchboards,  Electric  Construction  Corporation, 
£1,313.  Is.  9d.  5.  Batteries,  Electric  Construction  Cor- 
poration, £2,745.  12s.  6.  Trenches  for  five  miles  of  mains, 
Mowlem  and  Co.,  £9,501;  and  7.  Electrical  conductors, 
five  miles  for  private  lighting,  and  five  and  a  half  miles 
for  public  lighting,  Clark,  Muirhead,  and  Co.,  £12,756 ; 
total,  £50,946.  4s.  3d. ;  add  for  royalty,  £909  ;  total, 
£51,855.  4s.  34, 
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INCANDESCENT  SYSTEM  AT  WETBBID6E. 

BY  ABTRUR  F.  OUT,  A.M.I.B.E. 

Arc  lamps  tre  all  yery  well  where  the  lighting  is  for 
large  and  populous  towns,  or  even  small  ones,  provided  that 
the  streets  are  of  a  nature  to  justify  a  good  illumination  ; 
but  in  districts  where  there  is  scarcely  any  vehicular  or 
pedestrian  traffic  this  sort  of  lighting  is  unnecessary  and 
entirely  out  of  the  question.  As  a  rule,  the  inhabitants  of 
such  places  retire  to  rest  at  early  hours,  and  towards 
10  p.m.  there  are  only  a  few  persons  scattered  about,  most 
of  them  making  their  way  homeward,  the  result  being  that 
at  midnight  one  might  walk  from  one  end  of  the  town  to 
the  other  without  scarcely  meeting  a  soul.  Owin^r  to  this 
fact,  a  great  number  of  towns  have  their  light  supply  cut  off 
at  midnight  whether  the  illuminant  be  gas  or  any  other. 

An  arc  lamp  gives  a  magnificent  light,  but  it  is  mostly 
wasted  until  it  mlfils  some  purpose  ^ere  its  light  can  be 
utilised  to  the  full.  What  is  required,  therefore,  is  a  smaller 
light  placed  at  smaller  distances  apart,  and  one  that  should 
give  an  illuminating  power  superior  to  that  of  a  single  gas 
jet. 

This  desideratum  is  supplied  by  the  incandescent  lamp, 
and  its  utilisation  is  ezcellentlv  shown  by  a  new  system 

B'  ist  introduced  into  England  by  the  Laing,  Wharton,  and 
own   Construction   Syndicate.     The   system,  in  a  few 
words,  consists  in  running  incandescent  lamps  in  series  from 


there  is  only  one  boiler,  Although  there  is  room  for  two 
more.  It  is  of  the  Babcock  and  Wilcox  type,  capable  of 
developing  90  i»h.p.,  at  pressure  of  1401b.  per  square  inch. 
Feed  water  is  available  from  two  sources ;  it  can  be  brought 
from  the  River  Wey  by  a  donkey  pump,  or  else  from  the 
water  works.  In  the  latter  case  an  injector  can  be  used  in 
addition  to  the  donkey  pump.  The  feed  water  passes 
through  a  steam  heater  before  entering  the  boiler. 

Motive  power  is  supplied  by  a  duplicate  set  of  steam 
engines,  of  a  vertical,  compound,  non-condensing  type, 
manufactured  by  Messrs.  Brownlett  and  Lindley,  of  Sal- 
ford.  Each  is  capable  of  indicating  75  h.p.,  piston  stroke 
being  llin.,  connecting  steam-pipes  are  in  duplicate.  A 
grooved  flywheel  of  6ft  diameter  transmits  power  to  the 
alternators  by  means  of  an  endless  cotton  rope  of  three 
quarters  of  an  inch  diameter,  consisting  of  eight  turns. 
Midway  between  the  flvwheel  and  the  dynamo  pulley  a 
jockey  pulley  is  bolted  down  at  an  oblique  angle  to  a 
concrete  block  just  below  the  floor :  this  serves  to  guide 
the  rope  from  the  extreme  right-hand  groove  of  the  fly- 
wheel to  the  extreme  left-hand  groove  of  the  dynamo 
pulley.  A  plunger  is  provided,  worked  by  hand,  to  eject 
any  condensed  steam  that  may  have  collected  in  the  pipes 
from  the  previous  night's  run.  One  particidar  feature  in  tiiis 
engine  is  that  the  oiling  is  effected  by  sight  feed  lubri- 
cators, so  arranged  that  every  part  can  be  oiled 
whilst  running.    A  relief  valve  is  situated  at  the  top 
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off  a  constant-potential  high-tension  alternating  current  on 
the  Thomson-Houston  system.  The  whole  arrangements 
are  most  novel  and  complete,  and  give  a  solution  to  the 
troublesome  pttilbletn  how  to  run  a  constant  load  with  a 
constant  curtenti  such  m  for  the  town  lights,  and  how  to 
run  a  variable  load  at  a  constant  potential,  such  as  for 
private  supply,  both  supplies  to  be  from  one  and  the  same 
machine,  and  high- pressure  alternating  currents  to  bo  used 
in  both  cases. 

The  details  of  this  system!  are  given  further  on.  The 
central  station  has  been  designated  as  a  model  one,  and  it 
deserves  the  name.  The  town  of  Weybridge  was  first  - 
publicly  lit  up  on  February  1,  1890,  and  claims  to  be  the 
first  town  in  the  United  Kingdom  lighted  throughout  by 
electricitv,  previous  to  which  the  town  had  no  light  what- 
ever, and  it  must  be  most  gratifying  to  the  syndicate,  as 
well  as  to  the  electrical  profession  generally,  to  know  that 
the  inhabitants  are  charmed  with  the  light.  This  can  be 
understood  when  it  is  stated  that  not  a  hitch  or  failure  of 
anv  kind  has  occurred  since  the  commencement,  and  this 
will  ^o  far  towards  restoring  public  confidence  in  the  elec- 
tric light 

The  generating  station  is  close  by  the  bank  of  the  Wey, 
and  at  some  little  distance  from  the  centre  of  the  town. 
The  building  is  of  brick,  and  about  80ft.  by  40ft.  and 
divided  into  four  parts — 1.  Boiler-house.  2.  Dynamo- 
W«».     3.  Stores  and  workshop.     4,  Office.    At  present 


of  both  high  and  low-pressure  cylinders,  and  the  governor 
employed  is  of  a  very  light  make,  having  a  sensitive  action. 
Each  engine  drives  a  Thomson-Houston  alternator  of  500 
lights  capacity.    Each  alternator  has  its  own  exciter. 

The  alternators  in  question  are  of  a  new  type,  and 
exhibit  many  interesting  features.  The  connections  are 
shown  in  Fig.  1.  The  field-magnets  are  stationary,  and 
comprise  10  poles,  projecting  inwards  and  radially  from 
the  yoke.  The  coils  are  wound  on  spools  of  brass,  which 
are  slipped  over  and  fastened  firmly  in  position,  the  coils 
being  connected  up  in  series  by  a  contact  screw.  Thus 
each  coil  can  be  easily  removed  by  taking  off  the  upper 
half  of  the  field  casting.  The  journals  contain  a  spherical 
box,  so  as  to  secure  perfect  alignment  of  the  shaft  in  its 
bearings.  The  armature  is  of  a  drum  shape,  and  has  only 
one  layer  of  wire.  In  consequence  of  this  there  is  ample 
room  for  insulation  and  ventilation.  The  method  of  wind- 
ing for  the  field  is  entirely  novel.  The  field  is  made 
what  is  termed  ''composite,"  that  is,  it  is  produced 
by  two  separate  windings^  so  as  to  make  the  alter- 
nator self -regulating,  just  like  a  continuous  -  current 
compound  dynamo.  Upon  referring  to  Fig.  1,  the 
nature  of  the  winding  can  be  at  once  understood.  The 
exciter  is  shunt  wound  and  has  a  rheostat  in  both  the 
external  circuit  and  in  the  shunt  circuit ;  the  rheostats  are 
worked  by  hand,  and  serve  to  vary  the  current  strength 
delivered  by  the*  exciter,    The  object  of  hi^vin^^  one  in  tbe 
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■bant  cotla  is  to  obtain  a  greater  range,  eince  a  miall  varia- 
tion of  ret'istance  in  the  shunt  ie  equivalent  to  a  leu-ge  one 
in  the  external  circuit.  Running  at  a  speed  of  2,200,  its 
maximum  capacity  is  100  volts  and  24  amperes;  to  main- 
tain a  potential  diS'erence  of  1,000  vjlts  in  the  primary 
circuit  of  tho  alternator  when  there  is  a  full  load  on,  re- 
quires a  current  of  5*6  amperes  in  the  field.  The  con- 
tinuous current  of  the  exciter  is  sent  round  eight  of  the  10 
magnet  coils,  the  two  exceptions  being  the  extreme  top  and 


volts  for  house  lighting.  Transformers  suimly  to  the  secon- 
dary circuit  with  a  variable  current  of  50  volts  pressure, 
provided  that  lamps  of  50  volte  are  used.  B  is  also 
at  a  constant  pressure  of  1,000  volte,  because  it  is  in 
parallel  with  A.  Now  the  current  of  35  amperes  will  divide 
srcordinR  to  the  number  of  lighte  in  each  parallel ;  since 
the  pii1)1ic  lamps  are  of  20  volte,  therefore  there  must  not 
be  more  thun  ^>out  40  of  them  in  series,  allowing  for  loss 
of  potential  through  line  resistance.    The  lamps  take  a  cur- 


coils,  as  shown  in  Fig.  1.  These  two  coils 
are  excited  by  a  portion  of  the  current  from  the  alternator, 
for  which  piurpoae  it  is  first  led  to  a  commutator,  which  is 
fixed  on  the  same  spindle,  beyond  the  collector.  The  collec- 
tor hu  one  pair  of  brushes  and  the  commutator  two  pairs. 
Across  the  terminals  .of  the  commutator  is  placed  a  fixed 
resistauce  to  form  a  shunt;  this  is  to  provide  ac;ainst 
loss  or  drop  of  voltage  along  the  line  as  the  current 
rises,  and  is  adjusted  so  as  to  compensate  within  4  per  cent. 
The  rest  of  the  armature  current  passes  into  the  collector, 
and  BO  on  to  the  external  circuit.  This  compounding  of 
the  field  makes  the  alternator  self-regulating,  but  when  the 
load  is  varied  suddenly  and  very  much — such  as  when  half 
the  lamps  are  cut  out — then  the  alternator  requires  some 
little  assistance  for  regulation,  and  so  the  rheostate  in  the 
main  and  shunt  circuits  of  the  exciter  are  brought  into  an 
and  the  current  delivered  varied.  The  rheostats  can  fulfil 
another  duty,  since  should  it  be  .requisite  to  suddenly  cut 


down  the  current,  owing  to  any  emergency,  it  can  be  done 
instantaneously  by  their  means. 

Fig.  2  shows  the  connections  for  running  town  lighte  and 
private  lighte  off  the  same  alternator.  The  method  of  doing 
this  is  as  follows  :  the  alternator  gives  a  maximnm  current  of 
35  amperes  at  1,000  volte  pressure  in  the  primary;  two 
parallel  circuite  are  teben  from  the  mains. 

A  represente  private  supply  mains, 
B         „         town         „  „ 

A  most  be  kept  at  a  constent-potential  difference  of  1,000 


rent  of  3'5  amperes,  so  that  mere  must  be  a  number  of  cir- 
cuite in  parallel  with  B,  each  of  which  can  feed  40  lamps 
and  absorbs  3*5  an^ros. 

In  the  case  of  Weybridge  there  are  111  incandescent 
kunps,  taking  20  volte  and  3-5  amperes,  hence  there  are 
three  circuite  springing  from  the  town  supply  mains.  In 
each  circuit  there  are  37  lamps,  and  a  rheostet  is  in  circuit 
to  regulate  the  current,  whicn  must  always  be  kept  at  3*6 
amperes ;  this  is  shown  by  a  suitable  current  indicator, 
whose  needle  is  perfectly  perpendicular,  opposite  the  scale 


mark  when  the  current  strength  isrigbt  Should  alanip":o  out 
then  tho  current  tends  to  rise  Blightly,  but  out  of  37  lamps 
yr  increase  scarcely  affecte  tiie  rest  However,  the  indicator 
IS  so  sensitive  that  it  swings  on  one  side,  and  therheostetfor 
that  circuit  compensates  for  the  lamp.  Of  course,  if  there 
wereno  private  supply,  then  the  whole  current  could  be 
used  in  B,  and  so  10  circuite,  each  teldn^  3-5  amperes  and 
feeding  400  lamps,  would  be  available.  Since  there  are  three 
circuite  at  Weybridge,  therefore  this  leaves  35  - 105  =  24-S 
amperes  for  the  private  lighting  mains  A,  and  since  the 
ratio  of  transformation    is   20,  this  leaves,   allowing  for 


114         THE  ELEOTRICAL  EKGINEER,  AUGUST  8,  1890. 


line  resistance,  about  400  lamps  of  20  c.p.  ronning  at  50 
Tolts  pressure  for  private  house-lighting.  Hence  in  this 
system  both  styles  of  lighting  can  be  run  from  off  one 
machine,  besides  which,  owing  to  the  street  lamps  being  in 
series,  there  is  a  very  great  saving  in  copper.  This  is  an 
important  item,  for  15  miles  of  wire  are  used  for  the  111 
street  lamps.  No.  14  B.W.G.  wire  is  used,  having  a  depth 
of  A^'V  ^Qsulation.  The  supporting  poles  are  from  35ft.  to 
50ft.  high,  and  the  lamps  are  hung  on  every  other  pole  in 
the  outlying  districts,  and  on  every  pole  in  the  centre  of 
the  town,  distance  apart  of  poles  being  about  50  yuds. 
Steel  wire  suspenders  are  used  throughout  The  height  of 
the  lamps  are  15ft.  above  the  ground.  A  light  iron  bracket 
abuts  from  the  pole  so  as  to  throw  the  lamp  forward. 
White  pot  reflectors  are  used. 

Improved  and  novel  constructed  measuring  instruments 
are  adopted,  being  of  the  Thomson-Houston  type.  Fig.  3 
shows  a  current  indicator.  The  deflecting  coils  are  carried 
by  a  pair  of  circular  brass  bobbins,  dimensions  being 
similar  3  they  are  fixed  in  the  same  plane,  but  their  axes 
do  not  coincide,  although  their  horizontal  diameters  are  in 
the  same  line.  Parallel  with  and  between  the  two  coils  is 
fixed  the  deflecting  needle.  The  advantages  of  this  con- 
struction is  that  there  is  no  iron  in  the  bobbins,  and  they 
never  require  any  recalibrating.  The  current  indicators 
are  wound  with  thick  wire  and  the  potential  indicators  v.  ith 
fine  wire.  Each  bobbin  has  a  radial  slit,  in  the  bottom  of 
one  and  the  top  of  the  other ;  this  serves  to  diminish  eddy 
currents.  Thomson-Houston  double-pole  switches  are  used  ; 
they  are  of  the  knife-blade  pattern,  and  provided  with 
springs  to  hold  the  lever  firnuy  in  a  horizontal  position 
when  switch  is  open.  They  are  designed  so  as  to  permit  of 
a  change  over — ^tnat  is,  by  raising  the  lever  to  a  vertical 
position  throws  one  machine  into  circuit,  and  by  simply 
bringing  the  lever  downwards  to  a  vertical  position  sub- 
stitutes the  other  machine. 


+ 


Fio.  5. 

A  very  valuable  addition  to  the  system  is  the  Thomson- 
Houston  lightning  arrester ;  it  is  absolutely  essential  that 
every  centnd  station  should  be  provided  with  some  sort  of 
arrester,  otherwise  great  danger  is  incurred,  for  not  a  few 
stations  have  been  wrecked  by  lightning.  Fig.  4  shows  the 
pattern  used.  The  principle  of  its  action  depends  upon  the 
fact  that  an  arc  is  repelled  from  the  poles  of  a  magnet. 
The  coils  of  an  electromagnet  are  inserted  in  the  main 
circuity  and  one  pule  of  the  electromagnet  is  connected  to 
earth,  while  the  other  is  connected  to  tne  Une ;  thus  an  arc 
produced  by  lightning  is  immediately  broken.  The  most 
important  feature,  perhaps,  in  this  system  is  the  series  in- 
candescent lamp,  and  the  novelty  lies  in  the  cut-out.  Fig.  5 
gives  a  diagram  of  the  connections,  a  and  b  denote  the 
two  brass  terminals  of  the  socket,  one  being  in  the  form  of 
a  screw  thread,  a,  and  the  other  a  spring  plate,  b ;  when  the 
lamp  is  screwed  home  on  the  socket,  it  presses  down 
the  spring  plate,  and  so  breaks  connection  at  (2,  the 
current  entering  at  +  passes  by  a  into  the  lamp  filament, 
/,  and  by  b  back  to  - ;  c  shows  a  by-pass  or  short  circuit^ 
and  it  is  kept  open  by  a  thin  piece  0!  parchmentised  paper, 
one  terminal  of  the  short-circuit  being  a  point  pressing  on 
the  paper  by  means  of  a  spring,  the  paper  resting  on  the 
other  terminal — a  disc.  When  the  lamp  is  burning  no 
current  passes  through  c,  owing  to  the  high  resistance  of 
the  paper  insulator,  but  shoula  the  lamp  fail  or  become 
broken,  then  the  high  pressure  of  1,000  volts  breaks  down 
and  pierces  through  the  paper  resistance,  thus  finding  a 
path  for  the  current 


In  the  running  of  the  exciter  and  alternator  there  is  a 
remarkable  absence  of  sparking,  scarcely  any  wear  being 
perceptible  on  the  commutators  and  collector.  For  house 
circuits  okonite  wire  is  used,  and  a  word  for  its  good  in- 
sulating qualities  may  be  given,  when  it  is  stated  that  an 
alternator  was  run  for  a  week  through  a  circuit  of 
okonite  wire  placed  in  the  Biver  Wey.  This  wire  is 
composed  largely  of  indiambber  mixed  with  one  of  the 
last  residuums  of  petroleum,  the  result  being  that  it  has 
very  high  insulating  qualities  coupled  with  the  fact  that  it 
is  unaffected  by  heat  or  atmospheric  actions. 

In  conclusion,  it  may  be  stated  that  Weybridge  affords 
an  excellent  example  of  how  our  towns  and  villages  may  be 
lit  by  incandescent  lamps.  Owing  to  the  short  period  dur- 
ing which  it  has  been  running,  no  details  can  be  given  as  to 
cost  of  maintenance,  although  it  mav  be  stated  that  each 
lamp  costs  the  town  £2  burning  until  1  a.m.,  or  £222  per 
annum  for  the  total. 


ELECTBOLTSIS   OF   ANTIMONY  SALTS. 

BY  ALEXANDBR  WATT. 

(Concluded  from  page  34-) 

28.  Chlorides  of  Antimony  and  Ammanmm  by  Electrolysis. 
A  solution  was  first  prepared  as  follows:  Sal-ammoniac 
(240  grains)  was  dissolved  in  10  ounces  of  water,  and  to 
the  solution  was  then  added  half  an  ounce,  by  measure,  of 
hydrochloric  acid.  An  anode  of  antimony,  connected  to 
the  positive  pole  of  a  two-cell  Daniell  battery,  was  then 
immersed  in  the  liquid,  while  a  brass  plate  attached  to  the 
negative  pole  served  as  the  cathode.  In  about  15  minutes 
after  the  immersion  of  the  brass  plate  it  was  found  that  a 
film  of  a  pinkish  hue,  interspersed  with  shades  of  blue,  had 
formed  upon  its  surface,  the  edges  of  the  plate  being  strongly 
marked  by  the  latter  colour.  This  coloured  film  adhered  very 
firmly  to  the  brass,  and  presented  a  very  pleasing  appearance. 
It  was  noticed  that  when  the  film  was  briskly  rubbed  with  the 
finger,  metallic  antimony  of  the  usual  colour  came  into 
view.  It  was  also  a  noticeable  fact  that  red  and  blue  were 
the  onlv  colours  which  appeared  under  the  circumstances 
referred  to,  the  same  peculiarity  presenting  itself  when 
other  plates  were  subsequently  immersed  in  the  same  liquid 
during  its  electrolysis.  It  is  probable  that  a  solution  of 
this  kind  might  b«  uaeful  for  colouring  smaU  fancy  articles 
of  brass.  A  freshly-prepared  plate  was  now  placed  in  the 
bath  and  allowed  to  remain  undisturbed  for  about  half  an 
hour,  when  it  was  removed  and  examined,  and  found  to  be 
coated  with  a  film  of  a  dark  brown  coloiir.  On  rubbing 
the  plate  with  the  finger,  the  brown  film  readily  became 
removed,  exposing  a  metallic  film  of  antimony  of  a  dark 
blue-grey  tint  When  decomposing  a  solution  of  sal- 
ammoniac  by  a  powerful  current,  Marchand*  observed  that 
faint  detonations  were  heard  "  arising  from  the  formation 
of  antimoniuretted  hydrogen."  The  explosive  character  of 
antimony  during  electro^sis  has  since  been  rediscovered 
by  others. 

29.  Acetates  of  Antimony  and  Ammonium. — ^An  acid 
solution  of  acetate  of  antimony,  prepared  by  electrolysis, 
was  partiaUy  neutedised  with  carbonate  of  ammonia,  and 
the  solution  then  tried  with  the  current  from  two  Daniell 
cells.  A  brass  cathode  being  immersed,  this  was  soon 
coated  with  a  film  of  a  brown  colour,  which  was  next 
succeeded  by  a  similar  play  of  colours  to  that  noticed  in 
the  foregoing  experiment,  but  after  a  time  the  deposit 
asdumed  a  metallic  aspect,  and  a  fairly  good  film  of  a  blue- 
grey  colour  was  obtained.  It  was  constintiy  observed 
during  the  entire  series  of  these  experiments  that  the 
colour  of  the  deposit,  even  when  the  metal  was  of  a 
strictly  reguline  character,  varied  considerably,  from  a  colour 
nearly  as  white  as  cobalt  to  that  of  a  very  dark  iron-grey. 
A  further  addition  of  acetate  of  ammonia  was  next  given  to 
the  bath  in  the  hope  of  improving  the  colour  of  the  deposit, 
when  it  was  found  that  while  the  metal  deposited  somewhat 
quicker  after  the  addition  of  the  ammonia  salt,  the  character 
of  the  film  was  also  greatiy  improved,  provided  the  plate 
was  left  undisturbed  in  the  bsUfh.    If,  however,  the  plate 

*  Jour,  fUr  Praht.  Ghem.^  xzxiv.,  p.  381,  and  Brande's  '*  Manual 
of  Chemistry,  vol.  i.,  p.  877  (1848). 
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was  remoyed  from  the  bath  after  a  few  secondfl'  immersion, 
it  first  assumed  a  brown  colour,  quickly  changing  to  pink, 
then  to  a- dark  blue,  but  on  re-immersing  the  plate  it  soon 
received  a  bright  deposit  of  antimony  of  a  good  colour, 
which  retained  its  brightness  during  a  long  immersion.  A 
steel  plate,  in  the  same  solution,  became  coated  with  a 
blight  film  of  antimony  perfectly  free  from  the  colourations 
which  had  been  noticed  on  the  brass  surface.  The  metal 
adhered  very  firmly  to  the  steel. 

30.  Chlorides  of  Antimony  and  Potassium. — ^A'  bath  was 
prepaied  by  adding  to  a  moderately  strong  solution  of  chlo- 
ride of  potassium  one  of  protochloride  of  antimony  prepared 
by  electrolysis,  as  before  described,  and  the  resmtmg  solu- 
tion was  then  electrolysed  with  the  current  from  two 
Datuells,  when  a  prompt  deposit  of  antimony  of  a  steel-grey 
colour  was  obtained,  which  adhered  firmly  to  the  brass  sur- 
face. Although  the  film  was  somewhat  darker  in  tone  than 
some  of  those  previously  noted,  a  fairly  good  depositing 
bath  might  be  prepared  from  the  salts  named. 

31.  Oikates  of  AnMmony  a/nd  Amrnonimn, — ^To  form  an 
electrolyte  a  moderately  strong  solution  of  citrate  of  am- 
monia was  added  to  a  solution  of  citrate  of  antimony 
obtained  electrolytically,  as  described  in  experiment  8, 
the  resulting  solution  being  then  tried  with  the  current 
from  two  cells,  under  which  conditions  a  clean  plate  of 
brass  received  a  deposit  of  antimony  of  good  colour  soon 
after  immersion.  There  was  a  rather  brisk  evolution  of 
hydrogen  at  the  negative  electrode,  but  the  metallic  deposit, 
however,  adhered  well  to  the  brass  surface. 

32.  OxyeUoride  of  AnJ^ftnony  in  GausHo  Soda. — ^To  a  hot 
and  strong  solution  of  caustic  soda  was  added,  a  little  at  a 
time,  moist  oxy chloride  of  antimony,  and  the  mixture 
boiled  for  a  few  minutes.  The  undissolved  oxide  was  then 
allowed  to  subside,  and  the  dear  liquor  afterwaids  poured 
off,  and  when  cold  electrolysed  with  the  current  bom  two 
cells.  There  was  a  brisk  evolution  of  hydrogen,  and  the 
metal  deposited  very  slowly ;  a  third  ceU  was  then  con- 
nected, and  the  solution  moderately  diluted,  when  deposi- 
tion became  somewhat  quicker ;  the  solution,  however,  was 
a  bad  conductor  and  failed  to  yield  satisfactory  results. 

33.  Sidphoeyanide  of  Antimony. — ^A  bath  was  formed  by 
addifig  a  strong  solution  of  protochloride  of  antimony  to 
one  of  sulphocyanide  of  potassium,  when  an  orange- 
coloured  precipitate  at  first  formed,  which  quickly  re- 
dissolved,  producing  a  reddish  solution,  which,  however, 
soon  became  colourless.  The  balA  thus  prepared  was 
now  tried  with  the  current  from  two  Daniells,  but  as 
the  deposition  was  slow,  a  third  cell  was  connected  in  series, 
when  a  deposit  of  antimony  quickly  formed  upon  a  brass 
plate,  the  upper  portion  of  which,  at  the  water-line,  was  of 
a  fine  blue  colour.  On  examining  the  film,  however,  it  was 
found  to  adhere  but  very  partially  to  the  brass  surface, 
which  was  probably  owing  to  the  rapidity  with  which  the 
film  formea  when  the  plate  was  first  put  into  the  baUi. 

34.  Protochloride  of  Antimony  in  Phosphate  of  Soda. — ^A 
solution  of  common  phosphate  of  soda  was  first  prepared, 
to  which  was  gradually  added  a  strong  solution  of  proto- 
chloride of  antimonv,  when  the  white  precipitate  at  first 
formed  became  nearly  all  dissolved.  After  allowing  the  un- 
dissolved precipitate  to  subside,  the  clear  liquor  was  poured 
off  and  electrolysed  with  the  current  from  three  cells,  when 
a  clean  brass  plate  soon  received  a  film  of  antimony  of 
good  colour,  which  was  found  to  adhere  very  well. 

DqMfsUion  of  Antimony  by  Simple  Immersion. — ^Many  of 
the  solutions  described  in  Uie  foregoing  experiments  were 
afterwards  brought  in  contact  with  perfectly  clean  plates 
of  brass,  copper,  steel,  and  zinc  respectively,  the  object 
beine  chiefly  to  ascertain  to  what  extent  these  solutions 
could  be  employed  for  imparting  metallic  or  other  stains  to 
the  surface  of  the  metals  named,  with  a  view  to  their 
application  for  decorative  purposes  to  certain  parts  of  art 
metal  work,  and  also  for  producing  various  coloured 
effects  upon  small  articles  of  brass  and  other  metals.  It 
ma^  be  remembered  that  in  former  papers  on  the  electro- 
lysis  of  solutions  of  metallic  salts,  I  called  attention  to 
certain  solutions  which  could  be  employed  in  the  way  in- 
dicated, and  also  pointed  out  a  method  bv  which  brass- 
work  more  especially  could  be  rendered  hignlv  ornamental 
by  coating  certain  parts  of  an  object  with  electrolytic 


copper,  to  be  afterwards  stained  in  parts  with  a  solution  of 
an  alkaline  sulphide,  while  other  portions  of  the  coppered 
surfaces  could  oe  protected  from  oxidation,  and  left  as  cop- 
per, by  a  film  of  colourless  lacquer.  With  respect  to  cop- 
pering portions  of  brasswork,  as  a  contrast  to  the  rest  of 
the  work,  I  have  been  pleased  to  notice  that  the  suggestion 
has  been  adopted  by  some  of  our  manufacturers,  many 
specimens  of  brasswork  thus  ornamented  being  now  visible 
in  the  shop-windows  and  warerooms.  Moreover,  this  ap- 
pears to  have  given  rise  to  a  kindred  improvement  in  orna- 
mental brasswork,  in  which  metidlic  copper  is  tastefully 
blended  with  the  brass,  with  which  it  forms  a  pleasing  con- 
trast of  colour.  During  a  recent  visit  to  the  Art  Metal 
Exhibition,  held  at  the  Armourers'  Hall,  Coleman-street, 
London,  I  observed  some  good  specimens  of  work  of  this 
class,  though  it  must  be  admitted  that  some  of  the  exhibits 
were  scarcelv  as  well  finished  as  could  be  desired. 

In  the  following  table  will  be  found  notes  of  the  effects 
produced  upon  the  metals  indicated  when  brought  in  con- 
tact with  solutions  of  antimony  salts,  and  in  those  cases  in 
which  a  warm  solution  has  been  employed  the  fact  is  noted; 
in  other  instances  cold  solutions  produced  the  desired 
effect. 


Names  of  salts. 


Acetate  and  ctulphate . . . 


Protochloride 


Metallic 
stain 
(warm 
solution) 
Violet  me 
t*UiQ  stain 
(warm) 
Ohlorides  of  antimony ISlight  stain 
and  ammoniam  (warm) 

Dark  stain 
(warm) 

Black   me 
tallio  stain 

(warm) 
Black   me 
tallio  stain 

(warm) 

Dark  br'wn 

stain 

Slight 

▼iolet  stain 

(warm) 


Sulphate.. 
Nitrate  .. 
Bitartrate 


Snlphide     in 
potash 

Terchloride 


oaostio 


Tartrate 


•••••■••• 


Tartrates  of  antimony 
and  sodium 

Chlorides  of  antimony 
and  ammonium  by 
electrolysis 

Acetate 


Acetates  of  antimony 
and  ammonium 

Chlorides  of  sntimooy 
andpetassinm 

Ozychloride  in  caustic 
soda 

« 

Citrate    of   antimony 
and  ammonium 


Sulphocyanide 


Protochloride  in  phos- 
phate of  soda 


On  brass. 


Very  slight 
stain 

(warm) 
Pink  stain 

(warm) 


MetaUio 
stain 

(warm) 
Violet  me 
tallic  stain 

(warm) 


Slight  me 

tame    ring 
(warm) 

Iridescent 

stain 

(warm) 

Metallic 

stain,  pink 

and  blue 

(warm) 


On  copper. 


Slight  stain 


Dark  stain 
(warm) 


Slight  me 
taluc  stain 

Slight 

▼iolet  stain 

(warm) 


Very  slight  Slight 
stain 

(warm) 
Pink  stain 

(warm) 


Metallic 
stain 

(warm) 
Violet  me- 
tallic stain 

(warm) 
Slight  stain  Grey  metal 


(warm) 

Slight  me- 

taliic  ring 
(warm) 

Iridescent 

stain 

(warm) 

Blue  metal- 
lic stain 
(warm) 


OnsteeL 


Metalfic 
stain 


Dark  me- 
tallio  stain 


Dark    mt 

tallic  stain 

(warm) 
Black  me- 
tallic stain 

Black   me- 
tallic stain 

Brown  me- 
tallic stain 

(warm) 
Dark  me- 
tallic stain 
(warm) 


stain 
(warm) 

Sli^t  me- 
talfic stain 


MetaUic 
stain 
(warm) 
Pfnkishme- 
tallio  stain 
(warm) 
Dark  me- 
tallic stain 


Uc  stain 
(warm) 
Metallic 
stain 
(warm) 
Darkstiin 
(warm) 

Grey  metal- 
lic stain 
(warm) 


On  sine. 


Grey  me> 
tallio  stain 


Same 
(warm) 

MetaUio 
stain 
(warm) 
Qrqr  me- 
tallic stain 

Same 


Brown  me- 
tallic stain 

(warm) 
Grsymetal- 

lie  stain 

BUok   me- 
tallio  stain 
Dark  me- 
tallic stain 

Grey  metal- 
lic stain 

MstaUic 
stain 

Dark   grey 
stain 

Greymetal- 
lio  stain 

Dark  me- 
tallic stain 

(warm) 
Brown  me- 
tallic stain 

MetaUio 
stain 

Black  me* 
taUic  stain 


It  will  be  observed  on  glancing  at  the  above  table  that 
the  action  of  tiie  respective  seditions  upon  the  various 
metallic  surfaces  was  in  most  cases  effected  by  warming  the 
liquid.  In  fact»  with  the  exception  of  zinc,  which  has  a 
powerful  reducing  action  upon  most  metallic  solutions,  there 
was  but  little  disposition  for  the  metal  to  deposit  b^  simple 
immersion,  unless  the  temperature  of  the  solution  was 
raised  to  from  130deg.  F.  to  the  boiling  point.  In  some 
cases  the  reduction  of  the  metal  was  very  (wompt. 
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EXHIBITION  JURORS. 

It  seems  that  the  recommendation  of  the  Electric 
Trades  Section  that  there  should  he  no  awards  in  the 
electrical  section  at  the  Edinhmrgh  Exhibition  will 
be  carried  out  after  all,  though  this  will  be  in  spite 
of  the  determination  of  the  executive  council  that 
awards  should  be  given.  Their  determination  has  come 
too  late  or  has  been  communicated  too  late  for  the 
jury  to  be  constituted,  and  at  the  meeting  of  the 
London  Chamber  of  Commerce  on  Wednesday  it 
was  decided  to  inform  the  authorities  of  the  Edin- 
burgh Exhibition  that  the  meeting  regretted  their 
determination  had  not  been  submitted  in  time  to  be 
discussed  earlier,  before  the  meeting  of  the  Institu- 
tion of  Electrical  Engineers  when  at  Edinburgh, 
and  that  the  section  could  not  now,  as  their 
members  were  all  dispersed,  see  their  way  to  nomi- 
nate a  jury. 

The  subject  of  jury  awards  at  exhibitions,  at  one 
time  expected  as  a  matter  of  course  by  the  exhibi- 
tors, has  lately  through  two  effects — ^the  multiplicity 
of  exhibitions  and  the  difficulty  of  getting  capable 
and  efficient  jurymen — ^become  quite  a  debateable 
question.  It  is  asked  whether  the  prizes  were  worth 
receiving  at  all,  or  whether  certain  well-established 
firms  were  not  risking  a  good  reputation  for  quite 
inadequate  gain.  The  recent  disclosures  of  the 
underhand  dealing  which  had  been  found  to  be 
present  at  certain  exhibition  awards  could  not  be 
but  a  powerful  fEustor  in  the  consideration  of  the 
worth  or  worthlessness  of  such  awards,  and  the 
recommendation  of  the  Electric  Trades  Section  when 
consulted  upon  the  subject  was  that,  in  their 
opinion,  there  should  be  no  awards  at  all ;  but  that 
if  it  was  decided  that  there  should  be  tests  of  the 
various  electrical  machinery,  that  the  section,  along 
with  the  Institution  of  Electrical  Engineers,  should 
appoint  the  members  of  the  jury.  The  executive 
council  of  the  exhibition  in  reply  to  this  de- 
clared that  they  agreed  to  this  opinion,  thus 
leaving  the  question  open.  We  believe  that 
the  fekct  was  the  executive  agreed  to  the  pros- 
pect of  no  awards,  and  intended  to  so  decide.  But 
it  was  found  that  some  exhibitors,  more  especially 
those  of  the  foreign  sections,  practically  refused  to 
exhibit  without  the  inducement  of  medals  offered — 
their  actual  trade  would  not  much  increase,  the 
reclame  achieved  was  the  only  inducement.  8o  it 
was  decided  finally  to  give  awards.  A  week  or  two 
ago  a  letter  was  sent  firom  the  executive  stating  this 
decision,  and  asking  for  the  promise  for  the  appoint- 
ment of  jurors  to  be  carried  out ;  power  and  all 
appUances  for  testing  would  be  provided,  but  the 
jurors  would  be  expected  to  pay  their  own  incidental 
expenses.  The  appointment  was  asked  of  three 
jurors  by  the  Electrical  Trades  Section,  and  the 
same  number  has  been  asked  from  the  Institutions 
of  Electrical,  Mechanical,  Civil,  and  Naval  Engineers. 
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This  letter  was  only  able  to  be  discussed  on  Wed- 
nesday. It  was  felt  that  the  application  was  now 
altogether  too  late ;  members  had  made  their 
arrangements  for  the  holidays,  and  could  hot  be 
called  upon  to  go  to  Edinburgh.  It  was  mentioned 
that  the  Institution  of  Electrical  Engineers  and  the 
Institution  of  Mechanical  Engineers  had  felt  it 
neceseaxy  to  refose,  and  the  Electric  Trades  Section 
therefore  did  likewise. 

We  are  a&aid  the  decision  will  not  prove  very 
acceptable  to  the  exhibition  authorities,  and  to  many 
of  the  exhibitors  who  have  been  preparing  for  the 
reception  of  awards.  The  exhibition  has,  owing  to 
the  great  energy  of  its  organisers,  earned  for  itself 
the  character  of  a  thoroughly  good  and  comprehen- 
sive electrical  exhibition,  and  awards  from  such  an 
exhibition  by  a  jury  constituted  as  was  proposed 
could  not  fail  to  carry  weight,  and  possibly  be  of 
great  service  to  certain  manufacturers.  This  being 
the  case,  if  the  careful  decision  of  the  executive 
council  was  that  awards  were  to  be  given,  it  is  a  pity 
that  the  care  and  forethought  that  they  have  dis- 
played in  the  exhibition  itself  did  not  extend  to  the 
matter  of  jury ;  for  it  would  have  been  evidently  only 
the  question  of  a  few  more  days  for  electrical  mem- 
bers when  at  Edinburgh  to  stay  and  superintend  the 
testing  which  was  desired.  The  principle  so  much 
desired  of  the  appointment  of  jurors,  from  sources 
which  would  carry  the  greatest  technical  weight 
has,  however,  thus  been  even  additionally  affirmed 
by  their  non-appointment,  and  we  suppose  that  the 
present  precedent  of  the  constitution  of  technical 
juries  will  be  carried  out  at  all  future  occasions. 


THE  UOHTING  OF  LONDON. 

"  When  are  we  to  have  the  electric  light  at  our 
doors  ?  "  has  been  the  continual  demand  of  the  un- 
believer.  Well,  if  the  light  is  tardy  at  arriving  at 
the  doors  of  dweUers  of  Brixton,  of  Hackney  or  St. 
John's,  it  is  no  more  than  might  be  expected,  for 
*'  unto  those  that  have  more  shall  be  given."  It  is 
to  Kensington  we  must  look.  At  your  doors, 
Eensingtoaians,  the  hght  is  now  laid  on.  You  have 
bat  to  send  a  note,  give  your  houses  into  the  hands 
of  the  contractor  for  a  brief  day  or  two,  and  after- 
wards pay  your  bills  regularly,  and  you  have  your 
demand.  In  other  words,  the  station  of  the 
Kensington  and  Knightsbridge  Electric  Company  is 
now  complete  in  all  details — engines,  dynamos,  and 
storage  ceUs — ^for  a  supply  of  60,000 10-candle  lamps, 
and  its  mains  stretch  in  branching  charmels  through* 
out  the  streets.  Lamps  to  the  extent  of  100,000 
may  now  be  put  on,  and  it  wants  but  the  addition 
of  another  engine  or  two,  for  which  the  room  is 
ready  as  the  demand  increases.  On  Friday  last,  at 
the  end  of  the  season,  Mr.  Crompton  issued  an 
invitation  to  the  inhabitants  of  his  district,  extend- 


ing throughout  that  wealthy  and  fashionable  district 
alongside  Kensington  Gardens,  and  stretching 
almost  from  Buckingham  Palace  down  to  Chelsea, 
where  his  wires  now  are  laid,  to  an  inspection  of 
the  station  in  its  finished  condition.  By  finished, 
we  mean  complete  in  building  and  in  all  arrange- 
ments, and  in  fall  working  order;  but,  as  we 
have  said,  there  is  still  space  to  erect  other 
machines.  The  dynamos  at  present  consist  of  four 
of  200  h.p.  and  three  of  90  h.p.,  and  the  batteries 
of  huge  storage  cells  are  capable  in  case  of 
need  of  giving  a  current  of  1,200  amperes  at  110 
volts.  It  is  found  well  to  keep  them  in  active 
operation,  and  often  in  the  evening  only  one  dynamo 
is  kept  going,  the  bulk  of  the  current  being  supplied 
from  the  batteries.  The  handsome  red  brick  building, 
the  neat  apparatus  for  switching  and  supervision, 
the  clean  and  airy  appearance  of  the  station,  lend  an 
air  of  thorough  arrangement  and  control ;  while  the 
knowledge  of  the  stored  supply  of  current  and  its 
low  voltage  is  one  of  great  satisfskotion  to  the  average 
householder.  The  Kensington  station  is  one  which 
every  electrical  engineer  ought  to  see. 


RAILWAY  RATES. 

The  important  matter  of  railway  rates  for  electric 
plant  has  now,  thanks  to  the  energetic  action  of  the 
London  Chamber  of  Commerce,  received  the  atten- 
tion it  deserves.  It  will  be  seen  from  the  new 
amended  rates,  which  we  give  elsewhere,  that 
dynamos,  accumulator  plates,  electric  cable  and  wire 
will  take  position  under  classes  to  which  they  belong. 
There  are  still  some  points  which  might  be  advan- 
tageously altered,  but  on  the  whole  the  electric 
trades  have  come  out  very  well  in  the  rearrangement 
of  rates.  The  manner  in  which  the  subject  has 
been  discussed  and  carried  out  is  this :  The  railway 
companies  were  asked  by  the  Board  of  Trade,  pur- 
suant to  the  Act  of  Parliament,  to  state  their  pro- 
posals as  to  the  fresh  rating  of  the  goods  traffic ; 
the  various  trades  sections  of  the  London  Chamber 
of  Commerce  were  to  do  likewise.  The  various 
sections  appealed  to  their  members  for  their  ex- 
perience and  ideas,  and  this  information,  under  the 
efficient  superintendence  of  Mr.  Musgrave,  the 
assistant  secretary  to  the  Chamber,  and  his 
staff,  after  daily  and  nightly  work,  were  cast 
into  shape.  The  Board  of  Trade  then  asked  the 
Chamber  to  first  negotiate  with  the  railway  com- 
panies direct.  This  negotiation  resulted  in  certain 
modified  proposals  by  the  railways,  and  it  is  upon 
these  modified  rates,  and  the  suggestions  of  the 
Chamber  of  Commerce,  that  the  Board  of  Trade  have 
reported.  This  decision,  or  report,  will  come  before 
the  Select  Committee,  any  further  necessary  altera- 
tions will  be  made,  and  the  rates  will  then  become 
law. 
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CORRE8PONDENOE. 


THE  LINEFF  TRAMWAY  SYSTEM. 
To  THS  Editor  of  thk  Electrical  Enginesil 

SiRy — ^To  miflunderstand  is  one  thing  and  is  pardonable, 
but  to  persistently  and  deliberately  misrepresent  is  quite 
another^  and  the  only  excuse  I  can  find  for  Mr.  Lineff  is 
the  disappointment  he  must  naturally^  feel  in  learning  that 
what  he  honestly  thought  originated  in  himself  had  been 
anticipated. 

I  ao  not  think  that  anyone  else  but  Mr.  Lineff  will 
suppose  that  by  a  continuous  articulated  conductor  I  meant 
600  distinct  switches  per  mile.  My  last  letter  was  suffi- 
ciently definite  to  leave  no  excuse  for  such  a  statement 

For  the  system  itself,  surely  Mr.  Lineff  must  see  that  the 
"  snake '[  overcomes  the  subsidiary  wave  theory  that  has 
been  pointed  out  as  possible  by  others,  and  unless  Mr. 
Linefi  s  experience  differs  from  mine  he  will  find  really 
exists  when  a  flat  strip  is  used.  Assume  you  are  at  the 
terminus  of  a  line,  and  four  or  five  cars  are  waiting  to  start 
and  they  all  pick  up  at  the  same  time,  what  becomes  of 
the  flat  strip  f  If  that  strip  has  reallv  lain  flat  before  the 
cars  were  there,  and  the  four  cars  whilst  close  together  try 
to  pick  up,  forming  four  waves  in  four  car  lengths,  and 
move  those  four  waves  along  as  they  proceed,  what 
happens  t  The  conclusion  I  arrived  at  as  the  result  of  m  v 
experiments  with  the  flat  strip  is  that  the  waves  either  will 
not  all  be  made  or  thev  will  not  all  be  unmade ;  one  or 
more  will  be  left  touchinff  the  upper  surface,  leaving  a 
positive  danger  to  the  public.  The  contact  maker  must, 
therefore,  be  articulated,  or  it  must  not  be  continuous.  It 
occurred  to  me  that  it  might  be  expedient  to  use  sectional 
strips,  each,  say,  of  two  car  leng^s,  but  seeing  the  possi- 
bility of  the  separate  lengths  of  strip  beins  gradually 
worked  forward  by  the  wave  action  and  overkpping  one 
another,  I  designed  a  simple  method  of  keeping  them  in 
position. 

I  have  read  with  interest  the  appendix  to  Mr.  Kapp's 
report,  and  thoroughly  endorse  his  opinion  that  it  will  be 
necessary  to  adopt  some  means  for  keeping  the  closed 
channel  dry.  I  went  into  the  matter  in  the  early  part  of 
1887,  and  found  the  addition  to  the  capital  outlay  was  not 
slight;  perhaps  my  details  were  unnecessarily  complete. 
An  initial  insulation  of  only  186  ohms  per  mile  is  too  low. 
Itemember  that  this  is  obtained  by  calculation  from  a  short 
sample  length  constructed  presumably  with  the  greatest 
care.  To  have  a  few  miles  of  line  laid  without  a  flaw  is 
more  than  can  be  reasonably  expected.  I  venture  to  pre- 
dict that  unless  some  system  of  diying  be  adopted,  or  the 
closed  channel  be  made  more  like  my  own,  the  insulation 
will  not  be  more  than  100  ohms  per  mile.  Now  for  two 
miles  of  street  with  double  line  this  would  only  give  25 
ohms  as  the  total  insulation,  without  adding  the  surface 
leakage  when  the  can  are  running. 


Measurements  taken  on  the  short  sample  line  cannot  be 
accepted  as  what  would  occur  in  practice,  where  points  and 
crossings  have  to  be  encountered.  Take  the  accompanying 
sketch  as  illustrating  what  frequently  occurs,  and  assuming 
that  the  by  no  means  easy  problem  of  maintaining  means 


of  communication  with  the  enclosed  conductor  and  avoiding 
short-circuit  with  the  intersecting  rails  is  overcome,  what 
will  be  the  surface  leakage  on  a  wet  day  with  cars  in  the 
positions  indicated  by  the  letters  A,  B,  C  wh^  the  charged 
region  behind  each  car  extends  as  far  as  8ft.  6iii.  1 

1  confess  that  I  failed  to  make  my  flat  strips  wave  round 
curves,  hence  my  reason  for  preferring  the  *' snake."  I 
also  confess  that  if  my  system  left  8ft.  6in.  of  live  contact 
rail  behind  the  car  I  should  hesitate  to  deal  with  the  con- 
ditions shown  in  this  sketch. 

There  is  a  point  not  yet  touched  upon  in  any  notices  I 
have  seen  on  this  system — viz.,  assuming  the  maximum 
current  to  be  passine  to  a  motor  on  a  car,  and  that  from 
some  accident  the  elector  magnet  ceases  to  be  energised, 
releasing  the  "  strip,"  it  won't  drop  suddenly  nor  will  it 
altogether  subside ;  the  wave  crest  will  simply  be  depressed, 
leaving  the  magnet  surface  bar  above  it,  and  so  breaking 
circuit  at  this  point.  I  leave  those  who  have  had  expe- 
rience in  switching  off  big  currents  to  say  what  would 
happen  inside  the  closed  channel  As  there  is  no  facility 
for  examination,  this  becomes  a  most  l^erious  matter. 

Taking  the  points  mentioned  and  others  into  considera- 
tion, it  seemed  to  me  that  the  svstem  was  only  applicable 
to  country  places,  where  it  is  to  be  hoped  English  authori- 
ties will  before  long  permit  overhead  conductors,  and  as 
tramway  companies  are  still  expecting  commercial  success 
with  batteries,  I  have  had  no  opportunity  of  testing  its 
merits  beyond  my  sample  line.  The  system,  therefore,  has 
from  necessity  as  well  as  from  choice  become  historic — 
Yours,  etc.,  M.  Holrotd  Smith. 

Halifax,  August  5,  1890. 


ELBCTROLTTIC  THEORIES.'' 

BY  PROF.  O.  F.  FTTZGKRALD,  F.R.S. 

Electrolysis  has  been  explained  on  two  different  theories 
by  Grotthiis  and  Clausius.  As  generally  received  they 
differ.  Grotthiis's  theory,  as  generally  given,  assumes  that 
the  molecules  in  an  electrolyte  are  both  polarised  and  moved 
by  the  electric  forces  within  the  liquid.  This  seems  so  far 
untenable  that  it  would  appcttur  that  double  the  electric  force 
would  double  both  the  polarisation  and  the  motion  of  the 
molecules,  and  so  should  produce  four  times  the  electrolysis. 
The  objection,  however,  assumes  that  we  know  the  causes 
resisting  the  motion,  and  with  proper  and  not  very  im- 
probable assumptions  as  to  the  resistance  to  motion  depend- 
ing on  it  and  on  the  polarisation,  a  linear  relation  between 
current  and  KM.F. — 1.0.,  obedience  to  Ohm's  law — seems 
possible.  A  modification  of  Giotthiis's  hypothesis 
in  the  direction  of  Clausius's  is,  however,  possible. 
Suppose  that  when  polarised  the  molecules  drew 
one  anofOyw  apart  at  a  rate  proportional  to  the  polarisation. 
This  at  once  makes  the  relation  between  electric  force  and 
the  decomposition  a  linear  one,  and  so  satisfies  Ohm's  law 
in  the  case  of  small  currents.  It  also  so  far  agrees  with 
Clausius's  hypothesis  that  it  explains  electrolysis  and  double 
decomposition  as  properties  of  the  same  kind.  The  mole- 
cules in  a  liquid  will  occasionally  be  arranged  by  accident 
in  the  proper  polarised  condition  in  a  closed  circuit  for 
drawing  one  another  apart;  and  if  the  circuit  includes  mole- 
cules of  different  kinds,  there  will  result  double  decomposi- 
tion. There  seem  to  be  very  serious  difficulties  in  suppos- 
ing that  uncombined  atoms  are  for  any  finite  time  free  in 
the  liquid;  and  the  supposition  that  it  is  a  particular 
arrangement  that  is  required  before  exchanges  take  place, 
and  that  with  this  arrangement  exdianges  take  place  of 
their  own  accord,  seems  to  explain  electrolysis  and  double 
decomposition  without  supposing  free  atoms  to  exist  within 
the  liquid.  I  have  not  assumed  Prof.  Armstrong's  sugges- 
tion that  the  proper  arrangement  for  double  decomposition 
is  a  double  molecule ;  but  it  seems  a  likely  hypothesis,  and 
one  that  should  be  investigated  from  the  chemical  rather 
than  the  physical  side. 

There  are  some  other  phenomena  that  have  been  explained 
upon  the  supposition  that  free  atoms  are  gadding  about  in  a 
liquid.    Such  are  the  lowering  of  the  boHing  and  freezing 

*  Communicated  by  the  SeoretarieB  of  the  Electrolysis  Committoe 
of  the  British  Association. 
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tion  between  them,  so  that  the  metals  constituted  a  voltaic 
couple,  the  negative  current  from  which  appeared  on  the 
iron.  The  positive  current  on  the  copper  was  consequently 
due  to  the  copper  wire  acting  with  the  iron  bolts  of  its  own 
insulators,  the  iron  bolts  of  the  neighbouring  insulators, 
and  the  iron  wire  which  they  supported.  The  negative 
current  on  the  iron  was  due  to  the  iron  wire,  its  bolts  and 
the  boltsof  the  neighbouring  insulators  acting  with  thecopper 
wire.  But  the  bolts  of  the  insulators,  Fig.  lY.,  were  partifdly 
earthed  by  the  damp  wood  of  the  poles  and  the  earth  wires 
which  ran  down  them.  If  the  earth  had  been  perfect  no 
current  could  have  got  to  the  galvanometer,  but  since  it 
was  only  partial  some  found  its  wav  by  that  route,  and  so 
the  difierence  in  strength  between  the  positive  and  negative 
currents  is  accounted  for.  The  positive,  depending  <miefly 
on  the  action  between  the  copper  wire  and  its  own  bolts, 
between  which  no  earth  intervenes,  is  necessarily  stronger 
than  the  negative,  which  depends  wholly  on  the  action 
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between  the  iron  wire  and  bolts  and  the  copper  wire, 
between  which  a  partial  earth  is  interposed.  Fig.  V.  So 
when  the  earth  is  cut  off  from  the  galvanometer,  Fig.  11., 
the  effect  of  the  earth  between  the  two  plates  is  neutralised, 
and  the  positive  and  negative  deflections  become  equal. 

A.  somewhat  unexpected  effect  of  the  recent  introduction 
of  copper  wires  for  telegraph  and  telephone  purposes  is  con- 
sequently the  establishment  over  the  country  of  a  vast 
number  of  voltaic  couples,  which  only  become  operative  in 
damp  or  wet  weather.  The  zinc  of  the  bolts  of  insulators 
carrying  copper  and  bronze  wires  may  reasonably  be 
expected  to  disappear  sooner  than  in  days  gone  by  when 
only  iron  wire  was  used,  and  when  copper  and  iron  wires 
are  run  on  the  same  poles  the  galvanising  of  the  iron  must 
suffer  sooner  than  of  yore.  The  Americans,  with  the  wooden 
pins,  wiU  escape  the  currents  due  to  the  difference  of  metal 
between  the  wire  and  its  supports ;  but  when  they  mix  wires 
of  different  metals  on  the  same  poles,  the  resulting  action  will 
be  stronger  than  with  us,  since  they  do  not  earth-wire  their 
posts. 

Telephonically,  the  existence  of  these  currents  is  of  little 
moment  With  metallic  loops,  when  both  wires  are  of  the 
same  metal,  they  tfiU  not  matter  at  all,  since  the  currents 
from  two  similar  wires  will  be  in  the  same  direction  and  of 
the  same  strength,  and,  meeting  in  the  telephone  or  trans- 
lator, will  neutralise  one  another.  On  single  wires,  so  long 
as  the  currents  remain  steady,  their  presence  does   not 


matter  much.  As  they  increase  gradually  as  the  insolators 
become  wet,  and  die  awayslowlyasthey  (u:y, they  do  not  give 
rise  to  any  disturbance  in  the  telephone.  If  any  confinna- 
tion  of  the  voltaic  origin  of  these  currents  were  needed,  it 
would  be  afforded  in  uie  fact  that  it  is  possible,  by  charging 
the  line  from  a  battery,  to  polarise  the  line  couple  even  to 
the  extent  of  obtaining  temporary  currents  of  the  opposite 
sign.  Thus,  the  copper  was  repeatedly  charsed  from  a  90- 
volt  battery  :  when  from  the  positive  pole  the  line  current 
was  increased,  when  from  the  negative  the  line  current  was 
decreased  and  sometimes  reversed. 

FIG  4- 
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The  following  are  particulars  of    several  tests  of  the 
copper  wire,  the  deflections  being  in  degrees : 

Charging  vfire/rom  90  voUs—to  line  §0  as  to  neiUraliie  and  overcome 

line  curretd. 

Line  current.    Duration  of  charge.  Resaltb 

*5+     lOseoondfl    Reversed  to  "2 - 

6+ 20  seconds    Reduced  to  5  + 

8*4+     4  minutes    Reduced  to  3*6  + 

12*5+     lOaeoonds    Rereraed  to -2- 

Spot  went  back  instantly  to 
5  +  ,  and  then  recovered 
slowly  to  12*6  +  . 

12*5+     20  seconds    Reversed  to -4 - 

Went  back  qui<^y  at  first 
and  then  slowly  recovered 
to  12*5  +  in  45  seconds. 

12*6+     1  minute     Reversed  to '8 — 

Went  back  instantly  to  3  *6  + , 
recovering  slowly  to  12*5  in 
70  seconds. 

12*6+     2  minutes    Same  as  1  minute 

12*5+     3  minutes    Same  as  1  minute 

The  same  effects  were  produced  with  the  experimental  arm. 
With  only  one  insulator  reversed,  the  cup  being  full  of 
water  and  the  surface  well  wetted,  a  deflection  was  got  of 
4deg.,  equal  to  '0027  miUiampere.  When  the  current 
from  this  insulator  was  reduced  to  *2  +  through  the  surface 
drying,  a  reversal  could  always  be  obtained  to  '4  - ,  and 
sometimes  to  *6  •«  by  charging  it  from  90  volts. 
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During  the  capacity  tests  already  mentioned  it  was 
obaenred  that  for  some  time  after  the  commencement  of 
rain  the  apparent  capacity  of  the  wire  invariably  rose 
instead  of  falling  with  the  decrease  of  insulation.  This 
eisct  has,  of  course,  been  noticed  before,  but  as  the  author 
m  not  aware  that  it  had  been  satisfactorily  accounted  for 
it  was  resolved  to  investigate,  and  the  result  of  the  investi- 
gation seems  to  point  to  several  contributory  causes. 
Firatlj,  no  doubt,  tne  line  current  due  to  the  voltaic  action 
already  described  will  increase  or  diminish  the  discharge 
according  to  the  direction  of  the  charging  current. 
Secondly,  the  polarisation  of  the  bolts  due  to  the  charging 
cairent  will  have  the  same  tendency.  But  the  capacity  of 
the  line  will  appear  too  high  when  the  moisture  on  the 
iDsoIators  is  too  slight  to  permit  of  voltaic  action.  To  seek 
the  cause  of  fhis,  12ft.  of  copper  wire  was  run  on  six  dry 
insulators  fixed  in  oaken  arms  in  the  test-room.    With  90 
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Tolta  the  wire  gave  a  discharge  of  '4deg.  The  tops  of  the 
iaralators  around  the  binding  wire  were  wiped  with  a  wet 
sponge;  the  discharge  then  rose  to  Ideg.  more  than  double. 
Wetting  more  of  the  surface  of  the  insulators  resulted  in  a 
still  fuiiber  increase;  several  discharges  could  be  got  without 
renewing  the  battery  charge.  It  would  therefore  appear 
tbat  wetting  the  insulators  is  equivalent  to  an  increase  of 
conductor  surface.  The  moisture  has  to  be  charged  as  well 
iu  the  wire,  and  the  consequent  discharge  is  greater  than 
with  a  dry  wire.  The  e£fect  is  only  dbservable  in  moderate 
1^0,  or  for  some  little  time  after  the  commencement  of 
kfiavy  rain ;  when  the  insulators  become  thoroughly  wet 
the  insulation  and  the  eapacity  fall  together,  and  then  the 
voltaic  action  and  polarisation  come  into  play  together  with 
another  phenomenon  which  has  not  yet  been  referred  to. 

Incidentally,  in  the  course  of  these  tests,  it  was  found 
^  when  a  wire  was  in  contact  with  moist  wood  and  is 
charged  from  a  powerful  battery  (90  volts  were  useii) 
the  discharge  is  several  times  stronger  than  when 
the  same  wire  is  supported  on  dry  or  partially  moist 
ioauktors.  Thus  a  length  of  wire  on  insulators  gave 
a  discharge  of  '9deg.  when  stapled  along  an  oaken 
&nn  not  sensibly  damp,  the  discharge  after  20  seconds 
charge  amounted  to  i'5deg.,  and  after  80  seconds 
to  5deg.  Then  a  residual  charge  appeared  to  remain  in  the 
▼ood,  as  the  wire  continued  to  yield  a  current  of  '5d^.  for 
vome  minutes,  then   gradually  dying  away  to  Qowng. 


Many  tests,  varied  in  details,  gave  the  same  results ;  30ft. 
of  wire  in  air  gave  a  discharge  of  '4deg.  When  the  same 
wire  was  stapled  on  a  deal  board.  Fig.  YI.,  not  sensibly 
damp,  with  staples  of  the  same  metal  as  the  wire,  the  dis- 
charge  became  3*5deg.,  falling  immediately  to  Ideg.,  and 
then  slowly  to  zero.  The  wire  and  the  wood  were  then 
sponged,  and  the  discharge  rose  to  7deg.,  falling  immedi- 
ately to  2deg.,  and  returning,  slowly  to  zero.  The  wire 
yielded  a  series  of  smaller  discharges  for  several  minutes 
without  any  fresh  contact  with  the  battery.  A  deal  box 
wetted,  having  some  bronze  wire  in  contact  with  it,  was 
well  insulated  by  being  suspended  by  guttapercha. 
Charged  for  20  seconds  from  90  volts,  it  gave  a  discharge 
of  r6deg.,  sinking  immediately  to  'Sdeg.,  and  then  gradu- 
ally to  zero.  The  same  box  standing  on  the  floor  ^ve  a 
discharge  under  the  same  conditions  of  12deg.,  sinking  to 
3deg.,  and  then  slowly  to  zero.  The  same  box  touched  by 
the  end  of  an  earth  wire,  also  of  bronze,  well  away  from  the 
bronze  wire,  gave  a  discharge  of  45deg.,  sinking  imme- 
diately to  26deg.,  and  thereaiter  slowly  to  zero.  In  the 
two  first  cases  only  one  metallic  conductor,  that  is  to  say, 
the  bronze,  through  which  the  charge  was  communicated, 
was  present,  and  the  source  of  the  return  current  is  not 
very  apparent 

The  last  case  closely  resembles  a  wet  telegraph  pole,  the 
earth  wire  of  which  does  not  touch  the  bolts.  Then  an 
expanse  of  wet  wood  intervenes  between  the  bolts  and  the 
earth,  and  a  powerful  charging  current  in  the  line  must, 
with  leaky  insulators,  result  in  back  currents.  As  it  is 
evident  that  moisture  in  wood  has  the  effect  of  increasing 
the  capacity,  it  may  not  be  unreasonable  to  deduce  that 
moisture  in  the  air  surrounding  the  wire  may  have  the 
same  effect.  The  foregoing  particulars  apply  whether  the 
line  is  of  copper  or  of  iron.  The  following  observation 
applies  to  iron  alone  : 

It  has  been  mentioned  that  no  current  between  a  gal- 
vanised iron  wire  on  a  wet  insulator  and  the  bolt  could  be 
detected.  But  if  such  a  wire  is  charged  by  90  volts,  the 
discharge  is  followed  by  a  counter  current  from  the  insu- 
lator. The  effect  can  be  produced  with  a  few  inches  of 
gUvanised  iron  wire  and  a  wet  insulator,  as  in  A,  Fig.  VIL 
hargine  such  an  arrangement  by  90  volts  yielded  a  dis- 
charge (3  *4deg.  and  a  counter  current  of  '3deg.,  which  did 
not  wholly  disappear  for  some  three  minutes.  Obviouslv, 
the  polarisation  of  the  bolt  following  on  electrolysis  of  the 
moisture  made  the  insulator  a  secondary  battery.  The 
effect  of  damp  wood  may  be  markedly  shown  by  shifting 
the  return  wire  to  the  bolt  of  an  adjoining  insulator,  as  in 
B,  Fig.  Vn.  The  discharge  then  became  l'5deg.,  and  the 
counter  current  Ideg.,  an  augmentation  of  nearly  four 
times.  Connecting  the  earth  wire  direct  to  the  bolts  will 
obviate  the  effect  of  moist  wood,  but  it  increases  the 
strength  of  the  voltaic  action  and  the  polarisation  of  bolts 
by  the  charging  current 

Although  the  Americans  escape  the  voltaic  action  conse- 
quent on  the  use  of  metallic  bolts,  the  damp  wood  of  their 
poles  cannot  be  without  its  effect  in  wet  weather  with  the 
insulators  they  use.  The  current  set  up  between  copper 
wire  and  iron  bolts  in  wet  weather  might  be  used  to  signal 
with.  The  experiment  has  not  been  tried,  but  it  seems 
plain  that  a  galvanometer  at  A,  Fig.  VIIL,  through  which 
the  line  current  circulates  in  its  full  strength  when  the 
wire  is  insulated  at  B,  would  be  affected  by  the  working  of 
a  key  between  the  line  and  earth  at  B,  for  the  Key 
when  closed  would  shunt  a  large  proportion  of  the  current 
away  from  galvanometer. 

It  will  be  observed  that  these  experiments  were  made 
with  the  distant  ends  insulated,  a  condition  which  does  not 
obtain  in  ordinuy  telegraphy.  The  practical  effect  of  the 
disturbances  noted  may  be  insignificant,  especially  with 
double-current  working,  but  still  it  is  well  to  know  that 
they  exist 

Note. — Since  reading  the  paper  it  has  occurred  to  the 
author  that  the  probability  of  this  conclusion*  is 
strengthened  by  considering  that  dry  and  moist  air  have 
very  different  capacities  for  heat    Tyndall  found  that  the 

*  That  arrived  at  in  paragraph  be^nin^  '  The  last  case  dear  y 
resomWiee," 
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abflorption  of  heat  by  dry  air  being  1,  that  of  the  air  of  hia 
laboratory,  not  specially  damp,  was  72,  while  that  of  air 
designedly  moistened  was  no  less  than  90.  Thermal  and 
electrical  vibrations  differ  only  in  frequency,  so  some 
common  absorptive  action  in  respect  to  air  may  be  looked 
for. 

The  heat  absorbed  by  the  moisture  in  the  air  is,  after 
the  withdrawal  of  the  source  of  heat,  radiated  or  discharged, 
not  instantly  but  gradually,  just  as  the  electrical  charge, 
after  the  cutting  off  of  the  battery,  is  parted  with  slowly 
and  by  degrees,  as  indicated  by  the  residual  charge.  It 
may  be  expected,  therefore,  that  the  apparent  capacity  o!  a 
conductor  will  be  least  when  contained  in  artificially  dried 
air. 


HOW  TO  ESTABUSH  A  CENTRAL  ELECTRIC 

LIGHTING  STATION. 

BT    STDNKT    F.    WALKER. 

In  the  following  the  writer  proposes  to  discuss  the  ques- 
tion of  how  best  to  proceed  in  establishing  electric  lighting, 
say,  in  a  town,  with  a  view  to  the  great  desideratum  in  sdl 
industrial  undertakings — ^viz.,  ensuring  an  adequate  return 
for  the  use  of  the  money  invested.  For  it  must  not  be  for- 
gotten, however  ignoble  it  may  seem,  that  success  or  failure 
will  ultimately  be  awarded  to  the  enterprise  solely  on  the 
ground  of  whether  it  earns  a  good  dividend  or  not.  Even 
philanthropic  shareholders,  who  profess  that  thev  invest 
their  savings  for  the  sole  purpose  of  helping  on  the  great 
inventions  of  the  age,  are  just  as  keen  on  the  matter  of 
dividends  as  their  more  worldly-minded  contemporaries, 
because,  don't  you  know,  so  much  more  good  can  be  done 
with  the  money  if  the  accruing  interest  is  added  to  the 
principal. 

Next  to  earning  his  dividend,  or  rather  as  a  means 
towards  earning  it,  the  engineer  or  manager  should  put  before 
himself  the  condition  thathe  musthaveabsolutely  nofaihires. 
Nothing  will  spoil  his  chances  of  earning  a  dividend  more 
than  fauure  of  his  lights,  because  it  will  lose  business,  and 
will  put  his  company  to  considerable  expense  in  addition. 
Gras  IS  not  to  be  compared  to  the  electric  light  for  almost 
every  quality  that  tends  to  sweeten  life,  yet  much  as  the 
British  householder  would  like  the  electric  light,  and 
heavily  as  in  very  many  cases  he  will  be  preparea  to  pay 
for  it,  he  will  not  have  it  at  all,  and  he  will  not  pay  for  it 
if  there  is  any  chance  of  its  leaving  him  in  the  dark. 

Therefore,  so  far  as  it  is  possible,  all  means  must  be 
taken  to  minimise  the  possibility  of  breakdowns. 

Next,  also  a  factor  in  the  matter  of  dividend-earning, 
keep  the  capital  account  as  low  as  possible  consistent  witn 
maintaining  a  service  free  from  breakdowns.  If,  for 
instance,  £10,000  will  establish  a  station  upon  which  a  net 
income  of  £600  per  annum  can  be  earned,  though  this  ia 
not  an  extravagant  profit,  shareholders  will  not  grumble  if 
it  is  maintained  pretty  constantly  year  after  year,  and  with 
care  there  would  be  a  very  good  chance  of  the  dividend 
being  increased  as  the  years  rolled  on.  But  if,  through 
wasteful  or  expensive  management,  the  amount  required 
to  be  sunk  was  £16,000  or  £20,000,  while  the  net  earnings 
were  the  same — £600  a  year,  or  possibly  less — shareholders 
would  grumble  very  considerably  indeed,  and  with  justice. 
The  engineer  must,  however,  be  very  careful  not  to  make 
the  mistake  of  saving  a  few  hundreas  or  a  thousand  .or  so, 
takincr  the  same  capital  figures,  and  thereby  endangering 
the  constancy  of  ms  service.  Suppose,  for  instance,  that 
by  neglecting  to  duplicate  some  portion  of  the  apparatus 
that  may  break  down  a  saving  of  £1,000  is  effectea.  Sup- 
pose the  engineer  says,  as  some  do,  "  I  don't  believe  m 
duplicating  machinery;  it  only  makes  men  careless ;  my  men 
must  look  after  their  apparatus  properly,  and  there  will  be 
no  breakdowns."  And  suppose  that  one  of  those  accidents 
occur  that  in  electrical  work — ^in  all  new  work,  at  any 
rate — scarcely  any  foresight  appear  to  be  able  to  guard 
against,  because  they  are  new  experiences^  and  a  break- 
down does  occur,  and  that  the  cost  of  this  breakdown, 
including  loss  of  business,  sops  to  consumers,  etc.,  is  £100. 
How  wifi  the  dividend  stand  then  >  The  capital  account 
is  £9,000,  the  dividend  £400 — ^not  quite  4^  per  cent,  in- 


stead of  6  per  cent. — and  with  the  certainty  that  the 
£1,000  must  now  be  expended,  if  not  more. 

Next^  as  to  the  choice  of  a  site  for  the  station.  Many 
considerations  must  be  taken  note  of  in  this  matter.  The 
station  should  be  in  as  central  a  position  as  possible,  in 
order  that  the  mains,  radiating  in  all  directions,  may  be  of 
as  small  a  section  as  possible.  But^  as  is  well  known,  cen- 
tral positions  are  always  the  most  valuable  to  rent  or  to 
buy.  In  fact,  the  difference  between  the  rent  of  a  station 
in  the  centre  of  a  large  town  and  of  one  in  the  outskirts 
would  often  amount  to  an  appreciable  percentage  on  the 
capital  employed.  Taking,  for  instance,  the  same  capital, 
£10,000 — which  is  equiv^ent  to  a  plant  for  from  4,000 
to  6,000  16-c.p.  lamps.  If  the  station  could  be  well 
out  in  the  suburbs  on  a  piece  of  waste  ground,  £60  a  year 
would  be  a  high  rent  to  pay,  unless  a  dwelling-hoase  suit- 
able for  the  resident  engineer  was  included.  In  the  centra 
of  the  town  £260  a  year  would  be  by  no  means  exorbitant. 
The  difference  between  the  two,  £200,  would  pay  a  divi- 
dend of  2  per  cent,  on  the  £10,000.  Added  to  this  is  the 
remarkable  fact  that  gas  works  are  invariably  placed  in  the 
suburbs,  though  their  mains  are  subject  to  much  the  same 
rules  of  supply  that  ours  are. 

Another  point  to  be  considered  is  the  supply  of  coal  and 
water  for  the  boiler.  This  may  seem  a  simple  matter,  and 
one  that  can  be  left  to  take  care  of  itself,  but  in  reality  it  is 
not  so.  The  difference  in  cost  of  running,  for  instance, 
between  taking  water  from  the  town  supply  and  from,  say, 
a  river,  may  again  have  an  appreciable  effect  on  the  divi- 
dend. Towns  water  is  always  dear,  even  for  domestic  pur- 
poses, and  it  is,  perhaps,  not  exaggerating  to  say  that  dear- 
ness  of  supply  is  one  of  the  principal  causes  why  small 
water  motors  are  not  more  used  in  small  industries. 

There  is  also  another  consideration  in  the  matter  of 
water — ^viz.,  its  action  upon  the  boiler.  As  is  well  known, 
not  only  sea  water,  but  some  spring  water  has  a  very 
serious  effect  upon  the  life  of  the  boiler,  unless  it  be  very 
caref ull  V  looked  after  and  protected  from  the  galvanic  action 
that  takes  place.  When  heated,  while  steam  is  being 
generated,  different  portions  of  the  boiler  are  in  different 
states  electrically,  there  being  actually  an  KM.F.  existing 
between  the  part  directly  exposed  to  the  fire  and  the  cooler 
portion  above ;  and  it  will  be  evident  that  the  more  the 
water  in  the  boiler  is  impregnated  with  metallic  salts,  up 
to  a  certain'  point,  the  lower  will  be  its  resistance,  the 
stronger  will  be  the  current  passing,  and  the  greater  the 
action  upon  the  shell  and  tubes.  Therefore,  in  certain 
cases,  it  might  even  be  cheaper  in  the  end  to  use  the  expen- 
sive towns  water  than  a  natural  supply,  such  as  that  taken 
from  a  river  or  canal. 

Then  as  to  coal.  This  and  water  are  really  the  food  of 
the  station.  If  either  fail  for  long,  the  electric  light 
service  must  cease.  There  are  two  points  to  be  considered 
here  too — ^via.,  the  quality  of  the  coal  and  its  delivery  at 
the  works.  For  the  latt^  almost  the  ideal  spot  would  ap- 
pear to  be,  when  it  can  be  obtained,  the  banKs  of  a  canal 
which  is  in  communication  with  collieries  producing  steam 
coaL  Where  that  cannot  be  there  should  be  easy  access 
by  a  siding  if  possible,  if  not  by  a  back  lane,  and  as  much 
room  for  storage  as  can  be  arranged.  The  matter  of  quality 
will  be  dealt  with  later  on. 

Then,  further,  in  choosing  a  site  for  the  central  station  it 
will  be  well,  as  far  as  possiUe,  to  choose  one  that  allows  of 
easy  access  to  the  principal  points  of  consumption,  both 
overhead,  if  the  sup^y  is  to  be  taken  that  way  for  a  time, 
and  underground.  For  the  latter  it  is  evident  that  only 
the  line  of  the  streets  can  be  used,  so  that  wherever  the 
station  is,  the  real  point  of  departure  for  the  mains  must  be 
where  they  first  emerge  upon  a  main  thoroughfare.  For 
this  reason,  though  it  might  be  possible  to  obtain  premises 
away  from  the  main  thoroughfares  at  less  rental  than  would 
be  required  in  a  main  road,  it  might  not  be  advantageous 
in  the  end  to  take  them,  owing  to  the  additional  cost  of 
leading  the  mains  out,  and  the  almost  certain  additional  cost 
of  maintenance  of  them,  besides  the  possibility  of  such 
charges  as  for  making  good  foundations,  damage  to  party 
walls,  etc. 

It  may  be  possible  in  some  cases  to  start  the  station  in  a 
back  court,  and  when  it  has  grown  sufficiently  to  remove  it 
to  the  outskirts.    In  this  case  the  cables  may  he  run  over- . 


124 


THE  BLBOTRICAL  ENGINEER,  AUGUST  8,  1890. 


managers,  1338. ;  hone  feed,  16s. ;  tUiiber,  20b.  ;  ooal,  660.  The 
total  cost  per  ton  comes  to  30b.  dd.,  made  up  as  follows :  Break- 
ing, 9b.;  tools,  4d.;  fuse  and  dynamite,  2s.  3a.;  timber,  4a,  i  truck- 
ing, 8d.;  carting,  Is.  3d. ;  crushing,  Ss.  8d. ;  light,  2d.  ;  manage- 
ment, 2b.  2d.;  interest  on  paid-up  capital.  Is.  9d.  No  separate 
account  being  kept  of  proportion  of  timber,  tools,  dynamite,  and 
management  for  prospecting,  pumping,  andgenenid  up  keep,  this 
return  does  not  give  a  basis  to  work  from.  l%e  cost  per  ton  would 
evidently  greatly  lessen  if  the  output  was  increased.  The  cost  for 
management,  crushing,  interest  on  capital,  etc.,  would  be  but 
slightly  increased  if  thi«e  times  the  quantity,  which  is  248  tons 
per  month,  were  dealt  with.  It  is  in  this  direction  we  must  look 
if  our  reefs  are  to  become  of  value  to  shareholders.  One  pound  a 
ton  profit  is  not  of  any  value  when  only200  tons  are  crushed  for  a 
season's  work.  Let  the  mine  crush  6,000  tons  per  year  regularly 
and  it  becomes  what  its  name  implies,  a  veritable  gold  mine.  In 
a  reef  3ft.  wide,  62ft.  must  be  driven  out  per  week  to  supply  this 
amount,  and  four  stopes  or  headings  kept  continuously  at  work. 
This  in  ordinarily  hard  ground  means  24  miners,  three  truckers, 
three  breaksmen,  12  men  opening  out  or  sinking  on  new  ground, 
with  as  many  more  for  battery  and  other  purposes.  The  outgo 
would  be  £800  per  month,  with  the  average  return  of  £2.  12s.  od. 
£13,126  would  be  got  and  dividend  of  36  per  cent,  earned  on 
£10,000,  the  capital  probably  required. 

At  Kenthom  the  average  width  of  the  reefs  is  much  less  than 
3ft.,  but  the  returns  show  over  l^z.  to  the  ton.  At  the  head  of 
Lake  Wakatipu  the  averaee  is  6dwt.,  but  the  width  is  from  4ft. 
to  14ft.  In  lx>th  cases,  only  by  greatly  increasing  the  output  can 
the  claims  become  of  any  value  to  shareholders.  WhUe  at  Mace- 
town  a  note  was  taken  of  the  cost  of  getting  out  100  tons  of 
stone.  Day  labour  was  employed,  and  the  best  of  miners,  who 
worked  as  only  miners  can  work  when  on  the  job.  The  wages 
came  to  £31 ;  steel,  4s. ;  coal,  25s. ;  timber,  43s. ;  powder  and  fuse, 
£3.  60. ;  incidentals,  £2.  7s.,  equal  to  8s.  per  ton. 

With  the  mines  opened  out  and  overhead  stopping  adopted  any 
required  quantity  01  quarts  can  be  gained  at  tne  same  price  by 
oontraot.  The  various  companies  omy  require  a  preliminary  out- 
lay of  from  £2,000  to  £3,000  in  opening  out  and  erecting  crushing 
plants  at  or  near  their  tunnels.  They  should  have  only  the  best 
of  ore-saving  appliances,  which  will  save  not  only  the  free  gold  but 
all  the  pyrites  as  welL  Until  it  is  recognised  that  quite  25  per 
oent.  of  the  gold  in  our  reefs  is  at  present  lost  by  amalgamation 
no  permanent  progress  will  be  made  in  this  direction.  If  the 
School  of  Mines  would  establish  a  works  for  the  treatment  of 
pyrites,  and  every  reef  save  all  their  minerals  in  a  concentrated 
xorm  and  send  it  for  treatment  to  such  an  establishment,  much 
good  would  be  done  alike  to  the  pupils  of  the  university,  the  mine 
owners,  and  the  country.  In  one  case  known  to  the  writer,  loz. 
16dwt.  of  gold  per  ton  was  saved  by  the  battery  process,  and  a 
report  received  from  an  analytical  expert  that  llos.  8dwt.  were 
lost  per  ton  of  pyrites.  The  quantity  in  the  quarts  was  not 
known. 

At  Maoetown,  a  district  almost  deserted  as  a  quarts  mining 
centre,  an  average  of  over  17dwt.  has  been  given,  yet  there  are 
only  two  mines  at  work.  Were  this  district  in  victoria  there 
would  be  20  mines  in  full  operation,  each  employing  over  60  hands, 
for,  with  the  exception  of  Reefton,  it  Ib  one  of  the  cheapest  places 
in  New  Zealand  to  carrv  on  quarts  mining,  want  of  timbeor  oeing 
the  only  drawback.  This  Lb,  however,  more  than  oompensatea 
for  by  no  steam  or  pumping  plants  being  necessary. 

With  electric  power  plant  in  bhe  Twelve  Mile  or  Arrow  river 
every  mine  at  Maoetown,  including  the  celebrated  Tipperary, 
oould  have  crushing,  drilling,  and  light  supplied  directly  at  the 
point  reauired,  savmg  all  cost  of  tramway  or  haulage,  and  also 
saving  33  per  cent,  ofthe  present  cost  of  driving  enUdled  by  the 
use  of  power  drills.  In  hard  ground  by  hand  drilling,  using  lin. 
steel,  with  three  men — viz.,  two  hammerera  and  one  turner — 
the  cost  per  foot  of  hole  averages  3s.,  which  includes  clean- 
ing and  firing.  A  mine  employing  nine  men  all  the  year  round  in 
opening  or  prospecting  new  ground  has  to  pay  £1,012  for  drilling 
atone.  It  may  oe  considered  a  good  avera^  if  1  *33f  t.  per  man  per 
week  IB  driven,  say,  fiOOftw  per  year  for  this  number  of  men,  and 
the  cost  comes  out  as  follows :  I)ynamiteand  fuse,  £270 ;  rails  and 
sleepen,  £90;  ventilation,  £16;  steel,  coal,  incidentals,  £17.  10s.; 
wages,  £1,350,  equal  to  £2.  18s.  per  foot.  An  electric  drill  is  now 
in  use,  weighing  1001b.  It  will  bora  the  hardest  anthracite  or 
quarts  rock  at  the  raite  of  30ft.  per  hour,  at  a  cost  of  2^.  for 
power.  Using  these  drills,  the  cost  for  600ft.  of  tunnel  in  hard 
country  would  probably  not  be  more  than  £1.  19s.  fid.  per  foot, 
saving  £fiOO  ana  six  months'  time.  Prospecting  and  driving  new 
levels  are  in  most  cases  dead  work,  and  a  saving  of  33  per  cent,  is 
an  item  no  mining  company  can  afford  to  ignore,  wnUe  to  the 
workman  it  means  much  less  laborious  and  more  oonstant  work. 
In  the  case  of  the  Tipperary  immediate  and  certain  returns  could 
be  had  with  a  very  moderate  expenditure — probably  not  more  than 
£6,000 — and  a  delay  of  two  yean'  time  could  be  avoided,  and  at 
least  1,000ft.  more  m  depth  could  be  worked  from  the  present  shaft 
site.  The  New  All  Kations,  Garibaldi,  Maryborough,  and  Home- 
ward Bound  mines  are  all  known  to  be  payable  under  favourable 
conditions;  yet  at  present  they  are  only  held  on  sufferance,  no 
capital  being  available  to  properly  develop  them. 

As  many  of  the  reefs  in  this  district  carry  large  quantities  of 
mineral  a  heavy  percentage  of  eold  has  been  undoubtedly  lost,  for 
every  battery  manager  knows  that  this  class  of  quartz  makes  the 
silver  sicken  much  more  quickly  than  when  clean  stone  is  crushed. 
By  using  sodium  amalgam  this  is  to  a  greater  or  less  extent  pre- 
vented, for  the  sodium  decompoeinff  water  forms  caustic  soda, 
NaHO,  and  setting  hydrogen  free,  the  hydrogen  in  its  nascent 
state  has  its  power  greatly  increased,  and  seeks  to  combine  with 
sulphur,  oxygen,  or  arsenioum,  to  formoompoonds  that  are  oarried 


off  by  the  water.  By  using  an  electrical  current  of  low  electro- 
motive power  the  same  effect  is  produced  in  a  oonstant  and  regular 
manner  without  cost,  beyond  that  for  the  power  to  drive  the 
dynamo.  The  beneficial  effects  are  amply  demonstrated  by  Mr. 
ET.  8.  Bennett's  letter  and  my  own  experiments.  When»  however, 
sulphide  of  antimony  occurs  in  any  considerable  proportion  in  the 

auarts  this  treatment  is  of  no  use,  and  would  proDably  exaggerate 
tie  evil  it  is  intended  to  cure,  for  it  would  help  the  silver  to  form 
an  alloy  with  the  antimony.  Sulphuretted  hyarogen  would  tamiah 
both  gold  and  silver,  and  prevent  their  metiulic  contact,  by  which 
means  amalgamation  takes  place. 

It  is  impossible  to  save  all  the  gold  contained  in  pyrites  by  any 
process  ot  poinding  and  amalgamation.  Grinding  has  certainly 
the  effect  ofcleansing  a  portion  of  the  contained  gold,  but  to  save 
nearly  all  it  is  necessary  to  roast  and  decompose  Uie  sulphides 
entirely. 

At  Widnes,  depositing  dynamos  have  recently  been  supplied  by 
Elwell-Parker  to  the  extent  of  1,000  h.p.  for  copper  refining.  The 
process  is  far  cheaper  than  the  ordinary  method,  costing  only  lOe. 
per  ton.  The  oxiaes  are  cast  into  plates  2in.  thick,  which  are  used 
as  anodes  in  a  depositing  bath  of  sulphate  of  copper,  pure  copper 
depositing,  all  impurities,  together  with  all  the  precious  metals, 
settling  as  sludge.  Fifty-six  tons  of  pure  copper  per  week  ar« 
deposited  by  these  dynamos. 

DfilDOIKO. 

Of  late  a  large  amount  of  capital  has  been  subscribed  for  the 
purpose  of  golcfdredging,  which  has  been  forcibly  brought  to  the 
front  through  having  so  dry  a  season;  not  one  half  the  normal 
rainfall  having  been  reached.  The  riven  having  continued  low 
and  water  for  sluicing  being  consequently  scarce,  minora  were 
forced  to  try  the  river  beds,  which  in  general  are  covered  with 
tuUngs  ana  water.  On  the  Clutha,  just  above  Cromwell  at  the 
Nevis,  on  the  Kawarau,  and  on  the  Lower  Shotover  partiss  known 
to  the  writer  got  fint-class  returns  by  using  the  most  primitive  of 
appliances,  and  attention  was  drawn  to  the  fact  that  a  heavy 
account  was  paid  by  a  party  who  were  supposed  to  be  idle  for 
want  of  water  to  sluice  with.  They  were  found  to  be  quietly 
working  the  ground  left  dry  by  the  river,  and  were  making  £6  per 
week  a  man  cradling.  On  prospecting,  tne  river  for  some  distanoe 
above  and  below  uiem  was  provea  to  contain  highly  payable 
drift,  and  two  claims  were  taken  up,  but  nothing  has  bean  done  to 
them. 

The  Sew  Hoy  dredge  on  Big  Beach  just  at  this  point  started  to 
give  fancy  returns  trSm  old  ground  on  the  Shotover,  and  went  to 
prove  that  with  an  expensive  system  (it  costs  £60  per  week  to  work 
and  maintain)  of  steam-dredging,  ground  hitherto  thought  useless 
became  of  great  value.  Claims  were  marked  off  from  the  Kawarau 
to  the  branches  of  the  Shotover,  down  to  Cromwell  and  to  Rocky 
Point  on  the  Clutha,  and  in  many  other  places. 

In  many  instances  prospects  were  obtuned  that  ensure  the  suc- 
cess of  the  companies  now  under  way,  and  the  first  dred^  started 
will  more  than  astonish  some  who  think  lightly  of  gold-mming. 

In  one  of  the  proBpectuses  iBsued  by  a  company,  now  fully  sub- 
scribed for,  £3.  6s.  per  day  iB  set  down  for  coal,  and  the  followiz^ 
facts  were  brought  under  notice  at  the  time  :  lliey  are  one  of  six 
companies  now  proceeding  with  the  erection  qf  plant  within  a 
distance  of  three  miles  on  either  side  of  an  ample  water  power. 
Six  companies  will  use  at  least  £6,000  worth  of  coal  each  year,  and 
the  cost  for  d^reciation  of  steam  plant  comes  to  £720,  while  three 
en^e-driven  at  £3  per  week  for  six  dredges  mount  up  to  £2,700. 
This  is  without  any  lighting  account  per  year.  Snould  each 
dredge  be  worked  fairly  constantly  the  cost  for  steam  J^ant  and 
roads  for  thii  special  purpose  will  be  not  less  than  £4,000,  which 
at  8  per  cent,  is  £320.    This  totals  up  to  £8,740.    * 

Let  us  see  what  this  would  cost  by  using  electric  power  plant. 
Each  dredge  takes  from  40  h.p  to  60  h. p.  AveraainflN  then,  at 
60  h. p.,  we  liave  300  h.p.  to  be  supplied  on  board.  £1,300  would 
give  a  firat-class  plant  to  each  company  from  a  central  station,  or 
a  total  of  £7,800.  Water  power,  wneeU,  houses,  etc.,  with  lines 
for  each  dredge,  £600,  or  an  additional  £2,000,  which  brings  the 
total  up  to  £10,800.  This,  at  8  per  cent,  on  the  capital  outlaya  is 
£864.  Wages— three  men  at  £3  for  central  station,  £460 ;  two 
boys,  £160 ;  depreciation  at  10  per  cent,  (which  is  found  to  be 
ample  on  electrical  machinery),  £1,080 ;  electrical  engineer,  £360 ; 
or  a  grand  total  of,  say,  £484  per  year  as  the  cost  of  power  for 
each  dredge  using  electricity  ptacea  favourably  for  water  power. 
Using  steam,  this  itom  comes  to  £1,466,  which  means  a  clear  sav- 
ing to  each  company  every  year  of  £972.  Presuming  that  each 
dredge  complete  costs  £6,000,  this  means  19  percent,  saved  on  the 
total  capital  outlay. 

The  incidentals,  such  as  oU,  waste,  etc.,  have  not  been  taken 
into  account,  as  they  are  common  to  both  systems.  Nor  has  the 
rental  of  water  or  profit,  as  in  this  case  the  right  Ib  owned  by  one 
of  the  companies,  who  would  meet  the  othere  in  a  very  liberal 
spirit,  and  this  would  not  affect  the  general  issue. 

With  a  view  to  elicit  the  latest  inlormation  on  the  subject  from 
other  companies  in  other  parts  of  the  world,  application  was  made 
to  Mr.  £.  S.  Bennett,  of  New  York,  who  has  patent  rif^hts  by 
which  the  gold-saving  apparatus  depends  on  electricity  for  its  suc- 
coBS,  and  the  following  letter  has  been  placed  at  the  disposal  of 
your  readera  by  consent,  and  will  afford  food  for  reflection  to  par- 
ties having  beach  claims  where  fine  gold  is  the  rule. 

'*  Astor  House,  New  York,  June  19,  1889. 

"  C.  W.  J.— Dear  Sir,—- In  response  to  your  enquiry  as  to  what 
can  be  accompliBhed  by  our  macoinery,  I  enclose  oaid  with  tabu- 
lated statement  of  the  capacity  and  cost  of  running  on  several 
styles  of  machines.  At  the  upper  left-hand  corner  of  the  card  you 
will  notice  a  specimen  of  fine  gold.    I  have  written  your  name  At 
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Stookwell  have  been  finished,  and  the  boildings  on  the  surfaoe  are 
in  a  forward  state.  The  lifts  and  si|rnalling  arrangements  are 
approaching  oompletion.  The  engines  for  generating  the 
hydranlio  power  and  the  boilers  for  working  all  the  machinery  are 
ready  for  starting.  The  electric  working  conductor  has  been 
fixed  throughout ;  two  cd  the  three  electric  generating  engines 
have  been  erected  ;  delivery  (d  the  locomotives  has  commenced, 
and  some  of  the  carriages  are  i^Ady  ^or  delivery. — ^I  am,  gentle* 
men,  your  obedient  servant,       J.  H.  Gbbathxad,  M.Inst.C.B. 

BALAN<n-8BXXT  VOB  Half-tiab  iKDiNo  90th  Junx,  1890. 

To  share  capital—  £       s.   d.        £       s.  d. 

Subscribed  capital  507,600 


0    0 


Amount  received  on  shares  issued 504,468    0 

Debenture  account — 
Amount  created   150,000    0    0 


0 


Amount  received  on  debentures 

issued  

Sundry  creditors  (exclusive  of 
liabilities  on  purchases  of  pro- 
perty not  completed)  

Contractors'  retention  fund  account 

Amount  advanced  in  respect    of 

parliamentary  deposit  1887  and 

1890  Acts 


149,700    0    0 


4,538    0    4 
21,751  16    0 


17,001  18    0 


43,291  14    4 


£697,459  14    4 

By  expenditure —  £       s.    d.        £        s.  d. 

As  per  last  account 559,242    9    1 

Expenditure  during 

haUyear 43,144  10  3 

Issue  of  capital 2,855  16  1 


Administration  expenses — 

Salaries,  Directors'  and  Auditors' 

fees,  law,  and  sundry  expenses 

Less  transfer  fees..  4    7    6 

„    interest    ...  ..         91  15    5 


46,000    6    4 

1,481    8  10 
96    2  11 


605,242  15    6 


Land  and  property— 
As  per  last  account 
Adaitions  >  during 

half-year   

Less  rents  received 


1,385    5  11 
606,628    1    4 


391    5    7 
137    0    0 


53,665    5  11 


254    5    7 


53,919  11  6 

Parliamentary  deposit  1887  and  1890  Acts 17,001  18  0 

Sundry  debtors 4,750  14  1 

Gash  at  bankers  and  in  hand 15,159    9  5 

£697,459  14  4 


CITT   NOTES. 


DIreot  IpMdab  Teiegrapli  Cmnp>iijr«— The  receipts  for  July 
were  £2,016,  against  £1,677. 

Xaafeem  Tetograpli  Compuiy, — The  receipts  for  July  amounted 
to  £54,224,  against  £54,248. 

West  Coast  of  Amarlea  Msgimpli  Cenpaa^f.— The  receipts 
for  the  month  of  July  amounted  to  £5,825. 

BrmillUii  SvlmiarlBa  Telegrai^  Compaay* — The  receipts  for 
the  week  ended  Augtist  1  amounted  to  £5,114. 

Baafeem  Bzlaasloa,  Anatralaala,  mad  CMnA  Gompaaj.— The 
receipts  of  this  Company  for  July  were  £46,367,  showing  an 
Increase  of  £3,491. 

Cnba  Submarine  Telegmpli  Compaaj. — ^The  receipts  for  Julv 
were  £3,150,  as  compared  with  £3,003.  The  receipts  for  April, 
estimated  at  £3,600,  realised  £3,624. 

.  Oreat  Nortbem  Telegraph  Ooaipaay. — ^For  July  the  receipts 
of  this  Company  were  £25,600,  making,  from  Januaiy  1  to  July  31 « 
£156,000,  agamst  £154,200  in  1889,  and  £156,000  in  1888. 

Weat  ladla  aad,  Paaaaub  me^nai^  Coaipaay.— The  receipts 
for  the  half -month  ended  July  31  were  £2,671,  as  compared 
with  £2,672.  The  April  receipts,  estimated  at  £7,192,  realised 
£7,233. 

Wealera  aad  BrasUlaa  TUagraph  ComptoKj,  Llmitad. — The 
traffic  recelptB  for  the  week  ended  August  1,  after  deducting  the 
fifth  of  the  gross  receipts  payable  to  the  London  Platino-Bruilian 
Telegraph  Company,  were  £3,921. 

Weatera  Oonntlea  Teiapliona  Omapaajr.— Warrants  for  an  in- 
terim dividend  for  the  past  half-year,  at  the  rate  of  6  per  cent,  per 
annum  on  the  preference  shares,  have  been  posted  by  the  Western 
Counties  and  South  Wales  Telephone  Company,  laxnited. 

Oraaga  Syadloata,  Uadtod.~Thls  Comjpany  has  been  regis- 
tered by  Courtnay,  Croome,  Son,  and  Finch,  9,  Gracechurch-street, 
E.C.,  with  a  capital  of  £2,000  in  £5  shares.  Its  object  is  to  develop 
Oroth's  electric  tanning  system.  Registered  without  lartloles  of 
association. 


PROVISIONAL  PATENTS,  1890. 


July  28. 
11788.  mprovemaata  la  aiaetrlo  are  lampa.    Samuel  Pleasanta 
Parmly,  1,  Quality-court,  London.     (Complete  specifica- 
tion.) 

July  29. 

11816.  Tlia  elaetrle  ftvaitora  ptfUah  reviver.  Martha  Mana 
Stainer,  28,  Upper  Bath-street,  Southampton. 

11817.  Uaprevameata  la  eieetrle  light  flxtorea.  Fred  Hampaon 
Aldrich,  323,  High  Holbom,  London.  (Complete  specnfica- 
tion.) 

11842.  XaiproveBMata  la  the  dapealttoa  of  metala  1^  eiaotro- 
Isrsla.  George  Lee  Anders  and  John  Ronald  Shearer,  11, 
Victoria-street,  London. 

11862.  Improrameata  la  aieetroatatle  aMasorlag  lasmuaaata 
William  Edward  Ayrton  and  Thomas  Mather,  Central  In- 
stitution.  Exhibition-road,  London. 

11863.  lamrevamaatalaeleetrloawtteiMa.  William  Winstanley 
Strode  and  Charles  George  Gill,  70,  Chancery-lane,  London. 
(Complete  specification.) 

11883.  mtproveaieatB  la  tlM  dislrlivatloa  of  eleeMQit;r»  aad  la 
tiia  apparataa  aBVtoped  tiiarala.  Thomas  Tomlinson, 
24,  Southampton-buildings,  London. 

July  30. 
11919.  Imprevaaiaata  la  the  maanftMitere  of  lead  wire,  aaltabla 
ftnr  aieotrodea  aad  fior  oflier  paipoaea,  aad  la  aieetradaa 
BuUto  of  aoeh  wire.    Jules  Legay  and  Luoien  Legay,  46, 
lincoln's-inn-fields,  London. 

JVLY  31. 
11962.  laM^rovemeata  la  eieetrle  bella,  liaeee,  eorera,  aadparta. 

Edward  William  Lancaster,  Albert  Works,  Graham-street, 
Birmingham. 
11977*  Xaiproved  BMaaa  for  eommnaleattag  aooad  to  or  ft«n  m 
pheaograplL    George  Edward  Gouraud,  191,  Fleet-street, 
London. 

12009.  laprovemaata  la  eieetrle  tndleatera  aad  la  bellflL  appU- 
eaUe  alao  to  oUier  porpoaea.  John  Samuel  Ross» 
Britannic  Works,  Bradmore-lane,  Hammersmith,  London. 

August  1. 

12094.  Aa  eieetrle  taae  Iter  flrlag  gvaa.  Richard  Morris,  28, 
Southampton-buildings,  London. 

AuousT  2. 
12119.  AaappUaaoaDnrtaoldlagtbe  toaataeaefdyaanoi^laelrla 
maelilBea  widle  belag  repaired.    Henry  Hollingdrake,  17, 
St.  Ann's-square,  Manchester. 

12169.  XmproTemeats  la  aad  relatlag  to  apparataa  for 
meaanrlag  eleetrleal  aaergy.  Luden  Alfred  Wilhelmine 
Desrudles  and  Raphael  Fenelon  Odile  Chauvin,  46,  South- 
ampton-buildings, London. 


SPEOIFIOATIONS  PUBLISHED. 

1881. 

6169.  Oalvaalo  batteriea.    Crompton  and  FitssCbrald.     (Third 
edition.)    6d. 

1889. 

11242.  DyaaaM-eieetrle,  *e.,  maelifwea.    Siemens  Bros,  and  Co 
, (Siemens  and  Halske).    lid. 

11601.  deelrlB  ftaaea  aad  detoaatora.     Ward  and  Gregory.    8d. 

12982.  Xleetrloal  awltehea.    Barton.    6d. 

13371.  Taiagrapble  apparataa.    Parker  and  FairalL    8d. 

13859.  Regulator  Iter  eieetrle  llghtlag.    Houghton.    6d. 

17276.  Zaeaadeaoeat  eieetrle  lampa,  *e.    G.  and  W.  Donovan. 
8d. 

17762.  Xleetnoal  awlteiMa.    Rawson  and  White.    6d. 

17763.  StoetrloalawlteMtoarda,  *e.    Rawson  and  White.    8d. 

1890. 

4660.  Heating  aad   eoolrtag  by  eleetrleity.     Butterfield   and 
MitchelL    8d. 

7003.  Ueetrlo  metora.    Duncan  and  (Tarpenter.    8d. 

8197.  Oraplioplieaea,  pkoaegrapba,  dpo.  Johnson  (Edison  United 
Phonograph  Company).    8d. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brash  

—  Pref.    

IndJB  Rubber,  Gntta  Percha  k  Telegraph  Co. 

House-to-Honse 

Metropolitan  Electric  Supply   

Londou  SSeotrio  Snpply    

Swan  United    

CiomptoD  ft  Co.i  Pref.  

National  Telephone 

Sleotrio  Oonstmction... , 


10 
5 

5 

H 

5 
10 


2 
29 

5 

6i 

2 

H 
H 

10 
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NOTES. 


Welders, — ^There  are  108  electric  welding  machines 
now  in  actiye  commercial  use. 

A  Sounder. — ^Is  a  telegraph  operator,  it  is  asked,  who 
resda  by  sound  an  ear-sighted  fellow  1 

TAtdet  to  Oaulard, — On  the  3rd  of  this  month  a 
tablet  in  memory  of  M.  Lucien  Graulard,  of  transformer 
bme,  was  unveiled  with  due  solemnity  at  Lanzo. 

Bleetric  Fans. — ^Ventilating  fans,  driven  by  electric 
motors — ^last  year  hardly  known — ^now  are  said  to  be 
almost  universal  in  the  houses  of  the  southern  cities  in  the 

SUtes. 

Sleotric  Cenans  Taker. — ^The  electric  census  com- 
puter, which  we  described  in  detail  some  time  back,  is  esti- 
mated to  save  over  £100,000  in  compiling  the  returns  of 
this  census. 

Electric  Osone. — Before  the  Academic  des  Sciences 
in  Paris,  on  July  15,  M.  Boillot  presented  a  note  upon  the 
"  Use  of  Ozone  produced  by  the  Passage  of  Electricity  to 
Combat  Epidemic  Diseases." 

Aiiether  Szhildtlen. — ^The  Spanish  Commission 
formed  to  celebrate  in  1892  the  400th  anniversary  of  the 
discovery  of  America  by  Columbus,  has  decided  to  hold  a 
uniyersal  exhibition  in  Madrid. 

Parle  nnanoe. — ^It  appears  that  a  combination  between 
the  two  rival  electrical  companies  in  Paris — ^the  Bothschild 
and  Victor  Popp — ^is  likely  to  occur.  M.  Bleichroeder,  the 
banker  of  Berlin,  is  the  moving  spirit  in  the  matter. 

nectrlo  Iiannches. — Over  40,000  passengers  at  penny 
and  twopenny  fares  have  been  canied  in  the  electric 
launches  at  the  Edinburgh  Exhibition — a  speaking  com- 
mentary on  the  popularity  of  this  means  of  travelling. 

Train  lAghUnts  In  Roeala. — ^The  Bussian  Qovem- 
ment,  anxious  to  see  the  wholesale  introduction  of  electric 
lighting  for  trains,  has  decided  that  all  the  carriages  of  the 
State  railways  are  to  be  lit  by  electric  light  after  this 
month. 

Serew  Gauge. — ^It  is  proposed,  upon  the  recommenda- 
tion of  Dr.  Loewenherz,  of  Berlin,  to  make  the  question  of 
Bcrew  gauge  for  instruments  of  precision  one  for  full  dis- 
cussion and  settlement  at  the  forthcoming  exhibition  at 
Frankfort. 

Xleotrlcal  Antcmatio  Lcflr-line. — ^The  Committee 
on  Science  and  the  Arts  of  the  Franklin  Institute  has 
recommended  the  award  of  the  John  Scott  legacy,  medal, 
and  premium  to  D.  Antonio  Lopez  de  Haro  y  Ferrate,  of 
Gijon,  Spain,  for  his  invention  of  an  "  electrical  automatic 
log-line," 

Silled  hy  Idffhtninflr  at  CMoket. — At  Heanron, 
Derbyshire,  on  Tuesday  a  man  named  Stirland,aged  50  years, 
and  a  boy  named  Joseph  Woodhouse,  aged  11  years,  were 
killed  by  lightning  whilst  watching  a  cricket  match.  Three 
other  persons  were  seriously  injured  by  lightning  at  the 
same  time  and  place. 

Biahep  Stcrtfcrd.— The  Bishop  Stortf ord  Local  Board 
We  decided  to  grant  the  application  of  Messrs.  Ackland 
and  Nockolds  for  a  provisional  order  for  the  Bishop  Stort- 
ford  Electric  Lighting  and  Steam  Laundry  Companyi  subject 
to  such  modifications  in  the  draft  provisional  order  as  might 
be  deemed  necessary. 


Burma  Idflrhthonsee. — ^The  condition  of  the  Burma 
lighthouses  has,  it  appears,  been  attracting  the  attention  of 
Trinity  House.  Mr.  W.  T.  Douglas,  a  member  of  the 
Institute  of  Civil  Engineers,  was  sent  out  last  spring,  and 
made  a  thorough  inspection  of  all  the  lighthouses,  and  his 
report  is  expected  shortly. 

Railway   Statien  Llghtinff  in  Germany.  —  The 

electric  lighting  of  all  the  railway  stations  of  Berlin  and  its 
suburbs,  under  one  organisation,  is  proposed ;  several  large 
generating  stations  are  to  supply  the  stations  by  cables 
running  along  the  lines.  The  scheme  is  under  the  con- 
sideration of  the  authorities. 

Eseter. — The  Special  Committee  on  electric  lighting  at 
Exeter  have  recommended  that  the  question  be  deferred 
until  the  Exeter  Electric  Light  Company  had  submitted  to 
the  Council  a  draft  of  their  proposed  provisional  order. 
This  was  agreed  to,  a  disposition  being  shown  amongst  the 
Council  that  the  lighting  should  be  kept  within  their  own 
hands. 

How  to  Increase  Dividends. — ^It  is  possible,  says 
the  Financial  News,  to  select  securities  in  tramway  com' 
panics  which  will  yield  a  comfortable  5  per  cent.  In  the 
time  to  come,  when  tramway  directors  have  cut  down  their 
working  expenses  at  least  one-half  by  substituting  elec- 
tricity for  horses,  the  return  must  be  proportionately 
greater. 

Florence* — We  see  it  is  stated  that  the  authorities  of 
Florence  are  negotiating  with  the  Internationale  Elektrici- 
tats  G^ellschaft  of  Vienna  for  the  erection  and  working  of 
a  central  station  for  supply  of  electric  light.  The  station  is 
to  be  established  outside  the  town  upon  the  alternate-current 
system,  with  transformers  of  Ganz  and  Co.,  and  will  be  for 
the  supply  of  current  for  5,000  to  10,000  lamps  of  16  c.p. 

Oraoefnl  Arc  Lamps. — ^The  Bothschild  Electric  Com- 
pany in  Paris  have  recently  adopted  a  new  type  of  arc 
lamp,  the  form  of  which  is  extremely  graceful.  This  is  an 
example  that  might  be  followed  by  other  companies.  If 
they  cannot  design  them  themselves,  there  are  many  archi- 
tects or  designers  who  would  do  so,  and  the  brass  or  iron 
workers  of  Paris  would  be  glad  of  a  new  outlet  for  their 
designing  faculties. 

St.  Savionr's, — ^The  Paving  and  General  Purposes 
Committee  of  the  St.  Saviour's  Board  of  Works  reported 
at  their  last  meeting  that  they  had  considered  the  letter 
from  the  Board  of  Trade,  forwarding  copy  of  a  description 
of  the  system  by  means  of  which  electrical  energy  was  in- 
tended to  be  supplied  under  the  London  Electric  Supply 
Corporation  Order,  1889.  Upon  the  motion  of  Mr.  Hale, 
the  report  was  adopted. 

Bamet. — ^At  the  last  meeting  of  the  Barnet  Local 
Board,  the  question  of  the  action  of  the  Board  of  Trade  in 
enforcing  better  conditions  of  working  the  contract  for 
lighting  was  discussed,  and  as  the  Board  had  twelve 
months  till  the  expiration  of  the  electric  lighting  contract, 
and  possibly  would  not  renew  it — ^in  which  case  it  would 
be  not  worth  while  to  enforce  other  conditions— >the  con- 
sideration of  the  matter  was  adjourned  to  next  meeting. 

Sonthend  Electric  Railway. — Over  3,000  persons 
were  carried  on  this  railway  on  Bank  Holiday,  which  was 
opened  ready  for  the  holiday  excursions  on  the  Saturday 
previous.  Three  times  this  number  might  have  been 
carried  had  sufficient  car  accommodation  been  provided. 
On  the  Tuesday  2,600  persons  traveUed  on  this  line.  On 
Friday  the  pier  was  lighted  by  electricity,  Messrs.  Crompton 


1^8         TSE  electrical  ENGlNteEH,  Atr&tTST  16,  1890. 


having  provided  seven  arc  lamps  for  the  pier  and  the  new 
pavilion. 

Intematioiial  Journals. — German  enterprise  is  again 
to  the  fore  with  a  new  organ  for  commercial  propaganda 
under  the  title  of  InkmaHonal  Industrial  Emew.  This 
paper  is  issued  by  the  International  Patent  Utilisation 
Company,  of  Lubeck,  and  is  published  in  that  town ;  sub- 
scription, 5s.  for  six  months.  The  contents  consist  of 
interesting  industrial  and  commercial  notes,  and  the 
speciality  of  the  journal  is  that  the  matter  is  given  simul- 
taneously in  three  languages — English,  French,  and 
Qerman. 

Tenders  for  Bmssels.— The  1st  of  August  was  the 
date  given  for  the  receipt  of  tenders  for  the  electric  lighting 
scheme  for  Brussels.  Four  tenders  have  been  received  by 
the  Municipality.  The  first  is  a  combined  tender  by 
Messrs.  Siemens  and  Halske,  the  Allgemeine  Berliner  Elec- 
tricitats  Gesellschaft,  and  the  Compagnie  de  FElectricit^  de 
Li^ge ;  the  second  is  by  M.  Patin,  of  Paris ;  the  third  by 
MM.  Ganz  et  Gie.,  of  Buda-Pesth  ;  and  the  fourth  by  the 
Soci^t^  Electrique  of  Brussels.  It  is  understood  that  no 
decision  will  be  come  to  on  these  tenders  until  October. 

Poeket  Telephones. — A  telephone  for  the  pocket  has 
been  introduced  by  Hermann  Hannemann,  of  Berlin,  S.W. 
Electric  bells,  it  is  said,  are  now  to  be  found  everywhere. 
Why  not  use  the  wires  for  telephoning  as  well?  This 
pocket  telephone  is  to  be  connected  to  the  bell  wires  of 
hotels,  hospitals,  etc.,  as  well  as  private  houses,  and  it  is 
hoped  that  when  everyone  carries  his  telephone  in  his  pocket, 
and  when  wall  sockets  are  universal,  everyone  will  be  able 
to  speak  to  distant  rooms,  or  even  houses  and  towns,  by 
simply  taking  out  their  telephone  as  they  would  their 
watch. 

Jaoqnet  Aooumnlators. — MM.  Jacquet  Fr^res,  of 
Vernon  (Eure),  France,  have  introduced  a  type  of  accumu- 
lators which  they  consider  a  great  improvement  on  old 
forms.  The  grids  are  large  and  the  exterior  of  the  whole 
plate  is  sinuous,  so  that  any  apparent  lengthening  or  expan- 
sion is  taken  up.  The  metal  of  which  the  grids  are  formed 
is  rigid  and  inoxidisable.  The  arrangement  of  active 
material  is  such  that  over  62  per  cent,  of  total  weight  is 
active,  a  result  claimed  as  superior  to  other  forms.  An 
illustration  of  the  cell  is  given  in  the  Befme  Technique  des 
Inventions  of  Brussels. 

Crystal  Palaoe  Classes. — On  Saturday  last  Sir 
James  Nicholas  Douglass,  F.RS.,  engineer-in-chief  to  the 
corporation  of  the  Trinity  House,  and  member  of  the 
council  of  the  Institute  of  Civil  Engineers,  distributed  the 
certificates  in  the  lecture-room  of  the  school  at  the  Crystal 
Palace  to  the  Crystal  PaL&ce  Company's  School  of  Practical 
Engineering,  awarded  for  the  summer  term,  1890.  The 
examiners  for  the  term  were  Mr.  A.  R.  Sennett  and  Mr. 
S.  H.  Cox,  who  reported  that  the  electrical  section  was  a 
valuable  addition  to  the  work,  in  view  of  the  great  ad- 
vances recently  made  in  the  practical  applications  of 
electrical  science. 

Why  the  Kemmler  Experiment  Failed. — ^Eiec- 
trician  Barnes,  who  was  in  charge  of  the  dynamos  at  Auburn 
Prison,  says  an  American  dispatch,  has  come  out  finally 
with  the  whole  truth  as  to  why  Kemmler's  execution  was 
bungled.  It  would  have  been  a  complete  success  but  for 
the  fact  that  the  dynamo  shafting  was  not  lined  up  properly 
so  that  the  pulley  could  run  true.  The  belts  were  new, 
had  not  got  the  stretch  out  of  them,  and  under  full  pressure 


half  the  belt  left  the  pulley,  causing  the  machine  to  run 
down  to  half  speed.  The  electricians  in  the  dynamo-room 
were  doing  their  best  to  keep  the  belt  from  flying  off  alto- 
gether until  the  man  was  dead. 

Dnblin  Solenoe  and  Art  Bvildings.— In  the  House 
of  Commons  last  week,  in  answer  to  Mr.  P.  O'Brien,  Mr. 
Jackson  said  that  four  firms  were  invited  to  tender  for 
lighting  the  new  Science  and  Art  buildings  in  Dublin  b- 
electricity— viz.,  Messrs.  Siemens  Bros,  and  Co.,  Messw. 
Johnson  and  Phillips,  Messrs.  Edmundson  and  Co.,  and  the 
Brush  Company ;  and  tenders  were  received  from  the  three 
firstnamed.  He  was  not  able  to  state  to  what  extent  any 
of  the  firms  are  manufacturers  of  electrical  plant.  Messra. 
Edmundson's  tender  for  £8,376,  being  the  lowest,  wi 
accepted ;  the  contract  with  them  contains  no  stipulation 
as  to  giving  a  preference  to  any  firm. 

Telegrams  by  Telephone. — In  France,  as  in  England . 
there  are  many  hamlets  and  villages  to  which  the  network 
of  telegraphs  has  not  yet  extended,  and  persons  living  there 
are  obliged  to  pay  a  heavy  fee  for  the  carriage  of  a  dispatch 
from  the  nearest  telegraph  office.  In  France  a  measure 
has  just  been  decided  upon  which  will  reduce  this  fee  to 
twopence  halfpenny,  and  at  the  same  time  almost  entirely 
do  away  with  the  delay  occasioned  by  the  carriage  of  the 
dispatch  by  hand.  All  communes  which  have  not  a  tele- 
graph office  are  to  be  connected  with  one  by  telephone, 
through  which  the  dispatches  received  by  telegram  will  be 
forwarded  verbally,  the  dispatch  being  later  on  sent  by  post. 

Woodhonse  and  Rawson's  Ezonrslon. — The  con- 
tract department  of  the  above  well-known  firm  held  their 
annual  excursion  on  Saturday,  August  2nd,  when  a  most 
enjoyable  day  was  spent  by  a  number  of  the  employes, 
Brighton  being  the  scene  of  revelry.  After  dinner  every- 
one present  was  pleased  to  hear  of  the  rapid  stiides  the 
department  had  made  during  the  past  year,  and  musical 
honours  were  accorded  to  the  health  of  Messrs.  B.  J.  Jones 
and  B.  Thomas,  their  energetic  engineers.  Although 
the  holiday  makers  entrusted  themselves  to  the  tendor 
mercies  of  the  London,  Brighton,  and  South  Coast  Railway 
Co.,  no  one  was  many  years  older  when  they  landed  back 
to  London  Bridge. 

An  Eleotrio  Town. — ^A  young  man  going  through  a 
course  of  electrical  engineering  at  the  Thomson-Houston 
works  in  Lynn,  writes  to  his  friends  in  Florida  the  follow- 
ing details,  reproduced  in  the  Scientific  American :  "  Here  I 
am  at  last.  I  started  at  work  in  the  Thomson-Houston 
electric  factory  last  Monday.  To  say  I  am  surprised  is 
putting  it  mildly.  There  are  over  4,000  men  employed  in 
this  factory.  It  is  a  good-sized  town  in  itself.  My  first 
position  is  in  the  export  department  adjusting  and  testing 
arc  lamps.  I  am  to  go  through  a  very  thorough  course, 
and  be  turned  out  a  full-fledged  electrician,  but  it  comes 
very  severe  on  a  lazy  devil  like  me  to  go  to  work  at  6.30 
a.m.,  and  continue  until  6  p.m.  But  if  others  can  stand  it| 
I  can." 

Malntenanoe  of  Aoonmnlators. — The  spread  of 
the  employment  of  accumulators  for  traction  work  is,  as 
our  readers  are  fully  aware,  dependent  largely  upon  the 
question  of  maintenance  of  the  cells.  We  are  pleased  to 
hear  that  arrangements  are  practically  concluded  by  which 
the  accumulators  will  not  only  be  supplied  but  guaranteed 
and  maintained  at  certain  specified  rates  for  ordinary 
traction  work  on  tramcars.  This  action  will  have  the 
effect  of  allowing  the  running  expenses  to  be  calculated 
within  an  allowable  margin,  and  enable  electrical  contractors 
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accumulator  is  paramount,  and  no  comparisons  between 
direct  current  and  storage  avail.  Economical  storage  is 
the  only  factor  which  can  make  electric  omnibuses  a 
success,  and  symptoms  are  not  wanting  to  show  that  this 
will  be  done. 

Telephone  Tnink  lines. — The  Western  Counties 
and  South  Wales  Telephone  Company  has  now  connected 
its  centre  in  Southampton  with  all  the  important  districts 
in  the  South  and  West  of  England.  In  about  a  month's 
time  the  whole  oi  the  South  Wales  district  will  be  linked 
to  Birmingham,  and,  through  Bath,  Southampton  will  join 
the  South  Wales  circuit.  Engineers  are  soon  to  be  engaged 
upon  this  extension  of  the  line,  working  from  Winchester 
vid  Salisbury,  and  the  Southampton  section  will  be  taken 
up  directly  the  Birmingham  and  South  Wales  portion  has 
attained  completion.  Next  season  the  company  contem- 
plate the  extension  of  their  line  vid  Basingstoke  to  Beading, 
where  they  intend  to  join  the  Boyal  South  of  England 
system,  and  thus  establish  continuous  telephonic  communi- 
cation from  the  West  of  London.  By  an  agreement  made 
with  the  Hampshire  constabulary  authorities,  intercourse 
through  the  medium  of  the  company's  wire  is  to  be  made 
between  the  various  police  stations  of  the  county,  arrange- 
ments having  already  been  made  for  the  connection  of  the 
stations  at  Woolston,  Bitteme,  Shirley,  Eastleigh,  and 
Winchester.  Public  exchanges  are  now  in  existence  at 
Totton,  Bedbridge,  and  Lyndhurst,  and  in  the  course  of  a 
month  or  so  there  will  be  call-rooms  at  Bishopstoke  and 
Woolston. 

Affrlenltnre  by  Eleetrle  Ught. — ^In  the  botanical 
department  of  the  Cornell  University  there  have  recently 
been  made  some  very  curious  experiments  in  the  cultivation 
of  plants  under  electric  light.  A  number  of  flowers  and  of 
vegetables  have  been  placed  where  the  rays  of  powerful 
electric  lamps  fall  upon  them  night  and  day,  and  their 
growth  is  compared  with  that  of  others  of  their  own  species 
planted  at  the  same  time  and  under  similar  conditions, 
except  in  the  matter  of  light.  The  first  and  most  notice- 
able effect  of  this  treatment  is  an  enormously  increased 
rate  of  growth.  The  plants  which  are  lighted  seem  to  work 
day  and  night,  and  to  become  especially  luxuriant  in  foliage. 
The  vegetables  shoot  forward  with  great  quickness ;  peas, 
for  instance,  become  in  a  few  weeks  two  or  three  times  as 
tall  as  their  brethren  living  by  common  daylight ;  and  the 
same  thing  is  true  of  all  the  plants.  When  it  came  to  seeds 
or  fruit  of  any  sort,  the  matter  was  entirely  different.  Here 
the  plants  which  had  grown  slowly  and  by  daylight  were 
ahead.  It  is  true  that  the  pea  which  grew  by  electric  light 
came  to  bearing  much  sooner  than  the  other,  but  its  hastily 
made  pods  had  very  few  peas,  often  only  one,  and  these  of 
an  inferior  quality.  In  every  instance  the  reproductive 
powers  of  the  plant  seem  to  have  been  most  strongly 
affected,  being  sacrificed  to  mere  foliage  and  rapidity  of 
increase  in  general  size. 

Maxim-WeBton. — So  the  poor  old  Maxim- Weston 
Company  is  to  be  wound  up  and  finally  to  go  into  limbo. 
It  has  struggled  on  a  long  time,  and  at  one  time  hopes 
were  entertained  that  it  might  pull  through  and  yet  serve 
a  useful  commercial  purpose,  even  though  it  did  not  prove 
a  bonanza  for  its  shareholders.  But  such  transient  hopes 
have  been  doomed  to  fail,  and  at  a  special  meeting  held  at 
Winchester  House  a  winding-up  resolution  was  proposed, 
as  follows :  "  That  it  has  been  proved  to  the  satisfaction 
of  the  meeting  that  the  company  cannot,  by  reason 
of  its  liabilities,  continue  its  business,  and  that  it  is 
advisable    to    wind    up   the   same;    and,    accordingly. 


that  the  company  be  wound  up  voluntarily."  Mr.  J.  B. 
Gooding  presided,  and,  in  moving  the  adoption  of  the  reso- 
lution, said  although  £1,500  had  been  promised  by  way  of 
debentures,  the  sum  obtained  was  not  sufficient  to  admit  of 
the  company's  continuing  business.  The  company  had 
enough  to  pay  its  liabilities,  so  that  it  would  drag  nobody 
to  the  wall  with  it.  The  liquidators  of  the  old 
company  refused  to  assign  the  effects  to  the  new  com- 
pany, and  required  that  all  proceeds  should  be  deposited 
at  the  company's  bankers  pending  settlement  of 
the  action  between  the  company  and  Mr.  Watt.  He 
blamed  the  solicitors  of  the  company  for  not  requiring  the 
old  liquidators  to  convey  the  effects  to  the  new  company. 
After  a  long  discussion  the  resolution  was  carried,  and  Mr. 
Marks  and  Mr.  Hodgson  were  appointed  liquidators,  an 
amendment,  moved  by  Mr.  Hembling,  to  the  effect  that 
Mr.  Newson  Smith  should  be  appointed,  being  defeated. 

DoAffers  of  Ship  Ughtinflr. — We  inaugurated  a  few 
weeks  ago  a  crusade  against  the  bad  workmanship — in  some 
cases  disgracefully    bad    workmanship — ^which  has    been 
carried  out  on  board  steamships — sometimes  not  less  so  on 
board  the  fine  Atlantic  liners  than  in  smaller  and  less  well 
fitted  boats.    This  arises,  as  we  have  pointed  out,  from 
owners  or  chief  contractors  accepting  low  tenders  without 
definite    specification,   and,  more   particularly,  from   the 
apparent  utter  lack  of  intelligent  and  official  inspection  of 
the  manner  of  carrying  out  the  installation  such  as  is  every- 
where the  case  on  land.    We  are  glad  to  see  that  our 
contemporary  Industries,  who  is  wont  to  give  considerable 
attention  to  ship  matters,  is  taking  the  matter  up  with  some 
spirit.    '*  We  often  wonder,"  says  our  contemporary,  "  that 
there  are  so  few  serious  accidents  on  board  some  of  the 
electrically  lighted  steamships.    On  one  of  the  very  best 
of  the  American  liners,  for  example,  the  return  is  made  by 
the  ship,  and  the  return  wires  from  the  lamps  are  stapled 
down  with   the  leads.     When  we  were  travelling  by  it 
recently  there  was  a  short  circuit,  which  went  on  intermit- 
tently, without  blowing  any  fuses,  merely  putting  the  lamps 
out  now  and  then.    There  would  be  a  sound  like  tearing 
calico,  and  the  lamps  would  dip.     Probably  a  bare  main 
was  dangling  against  a  girder.     Presently  a  man  with  some 
insulation  patched  the  fault  up,  and   he  considered  the 
accident  nothing  unusual.     We  have  so  many  rules  and 
regulations  on  land  that  it  is  difficult  to  fit  up  an  installation 
to  suit  them  ;  surely  the  Board  of  Trade  or  the  insurance 
companies  should  see  that  sea  work  is  done  correctly."    We 
believe  the  ship  insurance  companies  are  now  giving  serious 
attention  to  the  matter,  not  before  it  is  wanted,  and  the 
Board  of  Trade  ought,  in  the  cause  of  common  safety  to 
life,  to  issue  definite  regulations  as  to  the  electric  lighting 
on  board  ship  and  make  some  arrangements  to  see  that 
these  are  carried  out,  both  on  ships  already  fitted  and  upon 
ships  newly  installed.     Otherwise  we  may  find  a  terrible 
accident  laid  to  the  charge  of  the  electric  light  when  one 
of  these  supposed  "insignificant"  small  fires  is  not  discovered 
in  time. 

Sonth  London  Eleotric  Railway. — The  share- 
holders in  the  new  underground  electric  railway  met  at 
Winchester  House  on  Tuesday  to  receive  a  report  from 
their  directors  about  the  progress  of  the  railway.  Mr.  Mott 
said  that,  although  he  hardly  liked  to  pledge  himself  to  a 
date,  he  hoped  that  the  end  of  next  month  would  see  the 
lines  at  work.  The  construction  of  the  lifts  which  will 
convey  passengers  from  the  top  to  the  underground  stations 
had  caused  the  most  delay,  but  they  had  now  made  good 
progress.    The  under  stations  were  all  finished,  and  the 
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ON  SOME  EXPEBIHENTS   IN   BADIOMETBT.« 

BY  A.  R.   BENNETT,  MEMBER. 

In  the  course  of  some  experiments  with  radiometers  the 
author  has  been  able  to  detect  effects  which  are  of  interest, 
and  which,  if  observed  before,  have  not  been  published  so 
far  as  he  is  aware. 

Some  of  the  experiments  detailed  may  not  bear  any 
apparent  relation  to  electricity ;  but  the  fact  that  electrical 
vibrations  and  those  which  give  rise  to  heat  and  light  are 
now  admitted  to  be  but  different  phases  of  the  same 

Ehenomenon  must  be  the  author's  excuse  for  troubling  the 
Qstitution  with  them. 

Rotations  of  the  vanes  of  ordinary  radiometers  can 
readily  be  produced  by  electricity. 


Fio.  1. 


Fio.  2. 


An  unusually  sensitive  radiometer  placed  between  the 
poles  of  an  influence  machine,  Fig.  1,  has  its  vanes  strongly 
affected.  As  a  rule,  oscillation  to  and  fro  only  is  set  up, 
but  this  may  readily  be  converted  into  rotation  by  timing 
the  impulses  from  the  machine  to  the  swinging  of  the  vane, 
or  b^  giving  the  vane  an  initial  start  by  lighting  a  match, 
or  jerking  it.  Then  rotation  continues  so  long  as  tiie 
machine  is  worked.  Generally,  but  not  invariably,  the 
motion,  if  not  started  mechanically  in  the  reverse,  is  in  the 
same  direction  as  would  be  produced  by  heat.  Alter  the 
machine  stops  the  vane  continues  to  rotate  for  a  time,  even 
after  the^  knobs  of  the  machine  are  brought  together ;  and 
when  it  is  stopped  a  single  impulse  is  si2&cient  to  set  it  off 
aeain.  In  the  dark  the  bulb  appears  filled  with  the  usual 
phosphorescent  light. 

The  effect  appears  at  least  partly  electroscopic,  since  on 
starting,  the  nearest  vane  is  usually  attracted  toward,  and 
then  repelled  from,  the  knob. 

Placed  against  one  pole  only  of  the  machine  the  vane 
oscillates  feebly,  but  can  be  nursed  into  rotation. 


COIL 


Fia.  3. 


Fio.  4. 


With  radiometers  of  special  make  more  marked  effects 
can  be  obtained.  Several  instruments  having  vanes  fitted 
with  metal  caps  working  on  pivots  connected  to  the  outer 
air  by  wires  fused  in  the  glass  were  prepared,  Fig.  2. 

Such  radiometers  really  form  condensers  or  Leyden  jars 
having  the  inner  coating — the  vane — free  to  move.  The 
dielectric  is  the  rarefied  air,  and  the  glass  the  outer  coating. 

When  the  vane  is  connected  to  one  pole  of  an  influence 
machine,  it  rotates  until  the  condenser  of  which  it  forms  a 
part  is  fully  charged,  and  then  stops ;  when  the  current  is 
arrested  the  vane  rotates  again  in  the  same  direction  until 
the  greater  part  of  the  charge  has  been  lost.  So,  by  timing 
the  impulses  from  the  machine,  continuous  rotation  can  be 

*  Paper  read  at  the  special  meeting  of  the  Institution  of  Elec- 
trical Engineers  at  the  ^dinborgh  International  Exhibition,  July 
17,  1890, 


produced.  In  the  four-vaned  instrument  on  the  table  the 
motion  produced  is  in  the  reverse  direction  to  that  due  to 
heat,  the  black  being  seemingly  attracted;  but  in  that 
instrument  the  vanes  are  bent  at  an  an^le  which  would 
naturally  render  the  impulses  effective  in  the  direction 
indicated.  In  the  two-vaned  instrument,  also  shown,  the 
vanes  have  no  bias,  and  the  motion  is  sometimes  in  the  one 
direction  and  sometimes  in  the  other.  This  charge  and 
discharge  effect  is  produced  feebly  when  the  instrument  is 
standing  in  air,  the  vane  only  being  connected  to  the 
machine.  When  the  glass  is  brought  near  to  or  touches 
the  opposite  pole  it  becomes  better  pronounced,  and  when 
the  glass  is  coated  with  tinfoil  and  put  in  contact  with  the 
opposite  pole  it  becomes  strong  and  invariable.  If  the  foil  is 
removed  out  of  actual  contact  but  retained  within  free 
sparking  distance  the  vane  no  longer  has  periodic  dead 
points,  but  discharges  constantly  to  the  outer  coating,  and 
rotation  continues  so  long  as  the  machine  is  worked.  The 
process  may  be  reversed  by  connecting  one  pole  to  the  foil 
and  drawing  the  sparks  from  the  vane  by  means  of  its  con- 
necting wire.  The  direction  of  rotation  continues,  however, 
as  before.  If  the  end  of  the  vane  wire  be  of  small  ^uge — 
No.  40,  for  instance — ^it  vibrates  violently  while  discharg- 
ing, and  witii  such  rapidity  that  it  seems  double^nded,  two 
perfect,  and  apparently  motionless,  images  of  the  ends 
appearing  half  an  inch  or  more  apart. 

Continuous  rotation  may  likewise  be  attained  by  meazis 
of  an  automatic  discharger  consisting  of  a  strip  of  foil 
hanging  from  the  outer  coating  of  the  radiometer  opposite 
a  contact  point,  which  ma^  be  earthed  or  connected  to 
opposite  pole  of  machine.  Fig.  3.  The  foil  diverges  from 
the  glass  when  the  condenser  gets  charged  up,  and,  making 
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Fio.  6. 
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contact  with  the  point,  is  discharged  and  falls  back  only  to 
be  again  repelled.  (Experiment  shown.)  By  this  means 
the  condenser  is  automatically  prevented  from  becoming 
fuU,  and  the  vane  rotates  so  long  as  it  is  supplied  with 
electricity  from  the  machine.  Conversely,  the  foil  may  be 
charged  and  the  make  and  break  performed  by  means  of  a 
light  wire  attached  to  the  vane  connection. 

The  radiometeron  the  table  with  only  onearmand  two  vanes 
is  extremely  sensitive,  and  exhibits  the  foregoing  condenser 
effects  in  a  marked  degree.  While  charging  or  discharging 
it  revolves  with  such  rapidity  as  to  make  the  arm  appear  a 
circle,  and  when  fitted  with  an  automatic  discharger  each 
secondary  discharge  after  the  main  one  has  been  effected  is 
accentuated  by  a  lack.  The  rotation  in  this  case  is  right 
and  left  indifferently,  apparently  according  to  the  direction 
in  which  it  first  obtains  an  impulse.  (Experiments  with 
this  instrument  were  shown  after  the  paper.) 

Experiments  were  made  with  these  radiometers  with  the 
current  from  a  Rhumkorff  coil. 

Placed  between  points  or  knobs  connected  to  the  secon- 
dary of  the  coil,  an  ordinary  radiometer  could  be  got  to 
rotate  if  an  initial  jerk  were  given  either  to  left  or  right. 
Left  to  itself  it  oscillated  only,  the  tips  of  the  vanes  being 
alternately  attracted  towards  the  knob  and  repelled  from  it 

With  a  special  radiometer  connected  as  in  Fig.  4,  oscil- 
lation only  could  be  got  with  dry  glass,  but  on  wetting  the 
circumference  of  the  tube  round  the  vane,  rotation  was 
immediately  set  up  in  the  reverse  direction  to  that  caused 
by  heat,  and  continued  until  the  glass  dried.  Merely 
breathing  on  the  glass  caused  rotation  to  recommence.  The 
effect  cannot  be  wholly  due  to  the  fact  that  the  moisture 
made  a  conducting  ring  round  the  glass,  as  a  band  of  tinfoil 
had  m  result,  unless  wetted  on  the  outside,  when  very 
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on  makiii^  a  cap  of  tianie  paper  and  balancing  it  oa  a 
needle  point  it  proved  to  be  bo.  The  cap  is  under  some 
circumatancefl  more  delicate  than  the  vane,  and  more  sensi- 
tiye  to  heat  than  the  moat  aensitire  Crookes's  radiometer 
that  could  be  procured.  It  was  found  that  when  a  vane  or 
a  light  paper  cap  was  placed  irithin  a  circular  screen  not 
quite  closed,  Fig.  8,  a  ray  of  heat  suffered  to  fall  on  the 
screen  near  the  opening  would  set  up  air  :urrents,  and  ro 
tation  of  the  vane  or  cap,  which  would  continue  as  long  as 
the  heat  was  applied.  The  direction  of  rotation  depends 
on  the  form  of  uie  aperture  in  the  screen.  When  opened 
out,  as  in  A,  Fig.  8,  ao  that  the  heat,  indicated  by  the 
dotted  arrows,  f^  partially  within  the  screen,  the  vane  or 
cap  is  repelled  from  the  source  of  heat ;  when,  as  in  B,  the 
ray  falls  on  the  back  of  the  opening,  it  is  attracted.  The 
direction  of  rotation  may  thus  be  changed  by  adding  to  the 
screen ;  when,  as  in  B,  the  vane  is  being  attracted,  the 
placing  of  a  book  or  other  object,  as  in  E,  immediately 
causes  it  to  stop  and  reverse. 

This  arrangement  is  of  extreme  sensitiveness.  If  the 
observer  keeps  well  away,  rotation  will  continue  after  sun- 
set and  ODOer  a  cloudy  skv  when  the  o^nin^  of  the 
screen  is  exposed  to  the  window.  It  excels  in  this  respect 
a  Orookes's  radiometer  of  ordinary  make,  which  on  several 
occasions  was  noticed  to  give  up  work  before  the  screened 
paper  cap.  Simultaneous  rotation  of  two  vanes  or  cape  in 
the  same,  Fig.  9,  or  in  different,  Fig.  10,  directions  may  be 
secured  with  one  screen. 

The  movements  of  neighbouring  bodies  are  not  of  so 
much  importance  as  with  unscreened  vanes,  as  except  in 
the  direction  of  the  opening,  exterior  influences,  unless 
very  violent^  are  intercepted.  Pladng  the  body  across  or 
near  the  opening  distorbs  and  will  even  stop  rotation. 
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Rotation  may  be  set  up  by  applying  heat  to  the  exterior 
of  the  screen.  Thus,  a  ray  of  heat  falling  at  A  or  B,  Fig.  11, 
causes  rotation. 

Vanes  or  paper  caps  protected  from  the  outer  air  by 
glass  elock-Bbades  will  rotate  under  sunshine  or  other  source 
of  heat,  direction  being  determined  by  position  in  respect 
to  wall  of  shade. 

Botation  is  produced  by  placing  a  heated  screen  round 
a  vane.  Thus,  if  a  tinned  iron  screen  bo  taken  and  heated, 
either  uniformly,  or  at  one  or  more  points,  it  will, 
when  placed  over  a  vane,  immediately  set  up  rotation, 
which  will  continue,  even  in  the  dark,  until  the  screen  has 
cooled  to  the  temperature  of  the  air. 

Similarly,  a  vane  inside  a  screen  of  good  conducting 
material — as  metal — ^will  rotate  when  heat  is  applied  to 
one  point  of  the  exterior  of  the  screen.  This  can  be  shown 
by  applying  the  tip  of  a  hot  poker  to  the  out«ide  of  a  tinned 
iron  screen. 

(To  be  conHnutd.) 


THE  CENTBAL  STATION  COMPANION. 

One  of  the  chief  difficulties  which  an  electrical  engineer 
has  to  contend  with  in  central  station  work  is  the  large 
number  and  inconvenience  of  instruments  required  for 
practical  testing.  This  evil  is  growing  daily,  and  any  in- 
vention which  tends  to  lessen  it  will  be  welcomed  by  the 
supply  companies.  A  combination  instrument,  called  the 
Cential  Station  Companion,  has  just  been  invented  by  Mr. 
H.  J.  Dowsing  and  Mr.  A.  A.  Day,  the  leading  features  of 
which  are  its  compact  form  and  simple  arrangement, 
qualities  whioh  are  to  be  greatly  recommended.  Various 
combinations  have  been  made,  but  the  present  form  is  pro- 
bably the  one  which  affords  the  greater  variety  of  uses  in 
the  smallest  possible  compass. 


The  central  station  companion,  as  usually  made,  is  of  the 
following  dimensions — viz.,  Gin.  by  Sin.  by  4in.,  and 
contains  (1)  an  ordinary  detector  or  galvanometer,  (2)  a 
Wheatstone  bridge  to  measure  from  '05  to  50  ohms,  (3)  a 
standard  ohm,  (4)  a  variable  resistance  or  rheostat,  ^5)  a  set 
of  small  accumulators  for  giving  light  when  testing,  (6) 
necessary  switches,  connections,  contacts,  etc.  If  required, 
a  10-ohm  standard  coil  can  be  inserted  to  increase  the 
readings  tenfold. 

An  essential  feature  of  the  central  station  companion  is 
its  simplicity.  Any  workman  can  use  it,  and  as  there  are 
no  loose  keys,  complicated  coils,  or  calculations  to  make, 
mistakes  cannot  occur. 

To  use  as  a  detector,  the  ends  of  the  circuit  must  be 
connected  to  the  two  and  terminds,  the  key  pressed  when 
the  battery  and  galvanometer  are  put  into  circuit. 

To  use  as  Wheatstone  bridge,  all  that  has  to  be  done  is 
to  insert  the  resistance  to  be  measured  between  two  oE  the 
terminals  and  turn  the  knob  in  front  (which  inserte  more 
or  less  resistance)  while  pressing  keys,  until  there  is  no 
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deflection  in  the  galvanometer.  Then  read  the  actual 
resistance  from  the  scale.  As  above  stated,  there  are  no 
calculations  required,  and  the  resistance  in  ohms  is  read  off 
direct.  With  a  little  adaptation  the  instrument  can  bo  used 
as  a  potentiometer,  or  for  comparison  of  potentials  by 
PoggendorfTs  method. 

Tbe  incandescent  lamp  is  a  useful  addition  to  the  testing 
set  and  makes  the  instrument  useful  aa  a  portable  lamp, 
and  the  battery  can  readily  be  charged  at  any  of  the 
stations  where  low-tension  continuous- currents  are  in  use. 
If,  however,  it  is  preferred,  a  special  form  of  LeclanchS  can 
he  fitted  which  will  run  a  small  lamp  for  a  few  minutes, 
giving  ample  time  to  make  intermittent  testa.  It  ia  an 
important  point  in  connection  with  this  testing  apparatus 
that  it  can  be  made  to  measure  higher  or  lower  resistances 
as  required  for  special  purposes.  The  scales  can  be  given 
a  large  range  of  reading  at  any  desired  point,  so  that  accu- 
racy may  be  assured. 

Perhaps  the  greatest  arguments  in  favour  of  the  com- 
panion beyond  its  compactness  and  portabUity,  is  the  low 
price  at  which  it  can  be  made.  One  of  the  ordinary  aize 
can  be  obtained  at  about  half  the  cost  of  the  cheapest  form 
of  Wheatstone's  bridge. 

The  companion  is  made  by  Messrs.  Day,  of  60,  Queen 
Victoria-street,  who  will  give  any  further  information  r^ 
quired. 
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AN  EXTRAORDINABY  DYNAHO. 

The  Bccompanjing  illuatratione  Hhow  the  details  of  a 
dynamo-electnc  machine  so  extraordiDary  in  its  strncture 
ind  electrical  properties  as  to  be  fairly  revolutionary ;  a 
michtDe  quite  as  unique  in  its  way  as  the  Duncan  motor, 
to  vhich  reference  was  recently  made  in  our  editorial  and 
atfaer  columns.  The  new  machine  is  the  inrention  of  Prof. 
EUhu  ThomaoD,  and  ita  special  marked  properties  are  total 
absence  of  external  magnetic  field,  and  almost  complete 
freedom  from  hysteresis. 


Fig.  1  shows  a  section  of  the  machine.  The  revolving 
portion  of  it  coTisists  of  a  shaft  surrounded  by  a  massive 
iron  cylinder,  bearing  on  its  central  portion  the  laminated 
mass  of  iron  that  forms  the  internal  pole-pieces.  The 
appearance  of  this  part  of  the  machine  is  snown  by  Fig.  3. 
ThU  iron  mass  revolves  within  a  pair  of  iron  sleeves, 
vhich  carry  the  bearings  of  the  machine  and  the  magnet- 
uing  coils,  which  are  thus  fixed  and  wound  on  bobbins  on 
either  side  of  the  revolving  poles.  The  end  plates  of  these 
Busdve  sleeves  are  joined  by  a  cylindrical  casing  of  iron 
completely  shutting  in  the  machine.  On  the  interior  of 
this  casing,  and  immediately  surrounding  the  revolving 
pole-pieces,  is  a  ring  with  inwardly  pointing  poles  barely 
eleanng  the  revolving  ones.  Looped  around  these  poles 
ue   the  armature    coils.     The  magnetising  coils  of  the 


Fids.  2  and  3. — Section  and  Pole-piece  of  Dynamo. 

machine  are  so  wound  as  to  produce,  in  the  revolving  por- 
tion, consequent  poles  of  the  same  polarity  in  each  of  the 
polar  projections.  The  magnetic  circuit  extends  through  the 
utemal  cylinder  and  its  surrounding  sleeves  through  the 
outer  casing,  and  forms  consequent  poles  of  opposite 
pcJarity  to  the  revolving  ones  in  the  polar  projections  that 
point  inward.     There  is  thus  no  external  field  whatever. 


~  The  action  of  the  machine  is  as  follows*:  The  moving 
Held  poles  carried  around  bv  the  revolution  of  the  core- 
pieces  pass  in  front  of  the  coils  in  which  the  currents  are  to 
be  induced.  The  lines  of  magnetic  force  from  these  pole- 
pieces  cut  transversely  across  the  wires  on  the  coils,  since 
these  lie  in  the  proper  direction  to  be  so  cut,  or  at  least  the 
sides  of  the  coils  parallel  to  the  axis  so  lie,  and  in  them  are 
generated  impulses  of  current  The  direction  of  the  wind- 
ing and  connection  is  such  as  to  make  the  effect  accumu- 
lative in  the  coils,  so  that  if  the  polar  projection  passes,  as 
in  Fig.  3,  over  the  centre  of  one  coil  to  that  of  the  next, 
its  lines  of  force  are  caused  to  cut  the  wire  lying  between 
these  centres.  Impulses  of  current  would  thus  be  set  up  in 
both  coils,  and  as  ^e  coils  are  wound  each  impulse  will  be 
superadded.  The  number  of  inward  pointing  poles  may 
be,  as  in  this  case,  double  that  of  the  outward  pointing 
poles;  or  it  may  be  the  same,  when  the  action  becomes  a 
simple  cutting  in  succession  bv  the  lines  of  force  emanating 
from  the  polar  projection,  of  one  side  of  a  coil,  or  of  one 
aide  of  all  the  coils  taken  together,  and  immediately  after- 
ward the  other  side  of  the  same  coil  or  set  of  coils. 

These  actions  will  be  repeated  in  the  coils  every  time  a 
polar  projection  passes  the  wire  on  either  side  of  the  coil, 
so  that  if  there  be  six  poles,  and  the  revolution  of  the 
machine  be  at  the  rate  of  1,000  turns  per  minute,  there 
would  be  6,00U  complete  alternations  of  current  per  minute. 
These  actions  of  induction  will  be  accomplished  without 
reversal  of  magnetism  in  the  core-piece,  or  in  the  laminated 
ring  structure  supporting  the  coils,  and  hysteresis  will  thus 
be  reduced  to  a  low  amount.  Of  course,  all  cannot  be 
obviated,  for  the  reason  that  there  is  a  changing  of  the 
magnetism  of  the  pole-pieces  in  anv  case ;  but  it  will  be 
reduced  to  a  quantity  far  less  than  if  the  same  mass  of  iron 
were  reversed  as  usiial.  It  is  not  necessary  then  to  laminate 
either  the  revolving  or  the  stationary  poles,  and  it  is  ob- 
vious that  the  machine,  although  described  as  a  dynamo,  is 
equally  applicable  to  the  construction  of  an  alternating 
motor  that  would  possess  many  desirable  qualities ;  or  by 
the  addition  of  a  commutator,  be  suited  to  the  production 
of  continuous  currents. 

We  think  that  this  description  is  sufficient  to  indicate 
the  remarkable  properties  of  the  new  machine,  and  although 
as  yet  no  details  of  its  efficiency  are  at  hand,  it  certainly 
appears  to  be  a  very  simple  and  effective  form  of  generator 
or  motor.  The  construction  is  especially  easy  and  the 
winding  admirable,  since  there  are  no  moving  coils,  and 
therefore  no  moving  contact  of  any  sort,  the  wires  to  both 
field  and  armature  being  simply  connected  to  binding  posts. 
The  machine  certainly  ie  very  creditable  to  Prof.  Thomson's 
inventive  genius,  and,  unless  we  much  mistake,  will 
soon  be  heturd  from  commercially. — Electrical  fF&rld  (New 
York). 


CORRESPONDENCE. 

THE  LINEFP  TEtAMWAY  SYSTEM. 
To  THE  Editor  of  thi  Electrical  Enginxer. 

Sib, — I  have  to  thank  you  for  the  valuable  space  you 
have  so  kindly  placed  at  my  disposal  with  reference  to  my 
magnetic  conductor ;  but  I  think  there  must  be  a  limit  even 
to  an  editor's  patience,  and  with  your  permission  I  will 
close  my  correspondence  on  the  subject.  Mr.  Holroyd 
Smith  has  too  many  "doubts,"  and  his  "snake  trick" 
evidently  gave  him  more  trouble  than  satisfaction,  other- 
wise he  would  not  require  so  much  "  information." 

Of  coune,  Mr.  H.  Smith  cannot  expect  me  to  give  such 
information  for  nothing,  or  to  lay  open  before  bim  all  my 
memoranda,  diagrams,  eto.,  in  fact,  the  whole  experience 
and  practical  knowledge  I  gained  while  studying  the 
queation. 

I  can  assure  him,  however,  that  what  seems  very  difficult 
to  him  might  not  be  so  puzzling  to  others,  and  his 
"  doubts "  are  capable  of  a  very  easy  and  satisfactory 
solution. 

With  regard  to  his  claims  of  priority,  of  course,  he  knows 
his  remedy,  but  he  must  jnvM  themu — Yours,  etc, 

Albx.  L.  LiNBFF. 

11,  Queen  Victoria-street,  E.O.,  Aug.  13. 
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We  may  occoMonaUy  foUow  the  lead  of  our  American  Contem- 
poraries, especiaUy  when  they  point  out  a  serviceable  way.  They 
are  not  backward  in  asking  their  friends  to  do  all  they  can  for  the 
welfare  of  the  paper.  We  ask  our  friends  to  temenAer  us.  No 
Paper  that  we  know  ever  refuses  Subscribers  or  Adeertisers.  Nor 
do  we;  in  fact,  we  invite  them,  believing  that  they  uriU  get  fulX 
value  for  theur  money. 

Specimen  copies  of  the  paper  wiU  be  sent  on  reqaest-. 


PROVISIONAL   ORDERS. 

The  periodical  reports  of  the  Board  of  Trade  form 
excellent  landmarks  as  to  the  activity  of  electric 
lighting  schemes.  These  reports  grow  in  size, 
showing  that  an  increased  number  of  applications 
have  to  be  considered  and  dealt  with  from  year  to 
year.  Perhaps  the  most  interesting  part  of  this 
report  is  the  summary  given  at  the  end  of  the  list  of 
applications  on  p.  13.  Before  farther  referring  to 
this  smnmary  it  may  be  well  to  say  that  the  report 
can  be  purchased  for  threepence  at  the  Queen's 
printers,  so  that  it  is  unnecessary  for  us  to  give  the 
list  of  applications.  We  have,  however,  given  else- 
where the  appendix  to  the  report,  which  deals  with 
the  regulations  of  the  Board  of  Trade  for  the  pro- 
tection of  public  safety.  Of  course  these  regula- 
tions will  be  subject  to  constant  revision.  But  of 
these  hereafter.  The  summary  shows  that  of  the 
161  applications,  45  were  made  by  local  authorities 
and  116  by  companies  or  individuals,  23  relating 
wholly  or  in  part  to  London.  The  orders  granted 
to  companies  have  in  every  case  been  granted  with 
the  consent  of  the  local  authority  for  the  district.  In 
several  instances  applications  were  made  by  the 
loccJ  authority,  and  also  from  one  or  more  companies 
for  the  same  area.  In  such  cases  the  Board  of 
Trade  have,  in  accordance  with  their  rules,  given 
the  preference  to  the  application  of  the  local 
authority.  It  is  noticed  also  that  in  the  orders  and 
licenses  granted  to  local  authorities  the  Board  of 
Trade  have,  after  careful  consideration  of  the  repre- 
sentations made  to  them  in  favour  of  such  a  course 
by  the  local  authorities,  inserted  a  clause  authorising 
the  local  authority  to  transfer  their  powers,  duties, 
and  liabilities  to  any  company  or  person  with  the 
consent  of  the  Board  of  Trade. 

There  are  a  good  many  lessons  to  be  learnt  from 
these  reports  and  from  the  actions  of  the  Board  of 
Trade.  The  industry  has  been  and  is  under  the 
influence  of  good  old  grandmotherly  and  fussy  legis- 
lation ;  red  tape  is  rampant  and  supreme.  Things 
must  be  taken  as  they  are,  and  not  as  they  ought  to 
be,  so  that,  grumble  as  much  as  we  will,  it  is  neces- 
sary to  comply  with  the  regulations. 

In  the  first  place,  the  Board  of  Trade  has  dealt 
hardly  with  company  promoters,  for  so  must  many 
of  the  applicants  be  classified.  A  clique  of  promoters, 
local  or  otherwise,  fasten  their  eyes  upon  a  promising 
town,  or  a  number  of  towns,  and  without  the  slightest, 
or  upon  the  merest  shred  of,  support  apply  for  a 
provisional  order.  The  idea  is  to  obtain  the  order, 
float  a  company,  get  promotion-money,  and  do  like- 
wise elsewhere.  In  many  cases  there  is  no  evidence 
whatever  that  the  applicants  really  intend  business 
themselves.  They 'are  harpies  playing  a  profitable 
game  upon  a  confiding  public.  The  game  is  pretty 
well  played  out,  and  the  constant  reiteration  of  the 
remarks  in  this  report  that  ''  The  promoters  £Euled 
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The  tramway  in  queation  formB  one  section  of  the  Bir- 
mingham Central  Tramways  Company's  system,  and  extends 
from  the  city  along  Safiblk-street,  Bristol-street,  and  Briatol- 
road  to  Boumbrook,  being  three  miles  in  length  and  double 
line  throughout.  For  about  12  years  the  above  route  was 
worked  on  the  4ft.  SJin.  gauge  as  a  horse  tramway,  but 
having  become  very  dilapidated  and  dangerous,  it  has 
recently  been  reconstructed,  to  the  same  gauge  and  in  a 
similar  manner  as  the  remainder  of  the  company's  lines,  in 
ciinnection  with  which  a  generating  station  has  been  erected 
at  Boumbrook,  for  the  purpose  of  enabling  the  accumulator 
system  of  electric  traction  to  be  adopted. 

The  tramway  commences  in  Birmingham  (Navi^tloD- 
street)  close  to  the  steam  tram  terminus  in  John  Bright- 
street,  the  curve  from  Navigation-street  into  Suffolk-street 
forming  nearly  an  angle  of  90deg.,  with  a  radius  of  about 
40(t.,  and  on  a  rising  gradient  of  1  in  28.  After  leaving 
this  point  the  gradients  and  curves  are  all  easy  except  a 
grade  of  1  in  32  for  about  200  yards.  The  rails  are  of 
steel,  girder  section,  6in.  deep  with  7in.  flange,  weighing 
92lb.  per  yard,  the  ends  of  aJl  rails  being  punched  with 


line,  on  a  plot  of  ground  comprising  about  threequarters  of 
an  acre  in  area.  The  yard  and  block  of  buildings,  contain- 
ing traffic  ofBce,  engineer's  office,  men's  room,  stores,  accu- 
mulator-room, switch-room,  smithy,  lead-melting  store, 
fitting-shop,  engine-room,  boiler-house,  and  coal  store  form 
the  flank  of  the  car-shed,  and  are  constructed  with  their 
floors  at  different  levels  suitable  to  the  natural  rise  of  the 
ground,  with  steps  leading  down  into  the  car  shed. 

The  charging  station,  75ft  long  and  63ft.  wide,  where 
the  cars  are  relieved  of  the  exhausted  batteries  and  supplied 
with  chaiged  onee,  forms  the  front  of  the  depot,  and  contains 
four  linee  of  rails,  which  run  through  it  into  the  car-shed 
behind,  which  is  100ft.  long  and  63ft.  wide.  The  whole  of 
the  trucks  in  the  car-ehfd  and  charging  station  are  pro- 
vided with  pits,  so  that  an  examination  can  be  made  of  the 
motors,  gearing,  and  brakework  wherever  the  car  may  be 
standing. 

For  the  removal  of  the  cells  to  and  from  the  cars  there 
have  been  constructed  four  hydraulic  elevators,  with  eight 
shelves  to  each  elevator,  capable  of  storing  sufficient  cells 
for  16  cars,  besides  which  additional  storage  is  provided  in 


Fio.  1.— Boorubrook  Depot. 


three  holes  so  that  the  steel  fishplates,  each  2tt.  long,  are 
secured  with  six  {in.  bolta.  In  order  to  further  strengthen 
the  joints,  wrought-iron  sole-plates,  lOin.  long  and  fin. 
thick,  have  been  provided,  one  under  each  joint,  firmly 
secured  to  the  flanges  of  the  rails  by  eight  steel 
clips,  bolted  to  the  sole-plates.  Steel  tie-nars  are 
fixed  every  9ft.,  Ij^in.  deep  and  ^in.  thick.  The 
points  are  of  Siemens  open  hearth  steel,  and  were  sup- 
plied by  Messrs.  T.  H.  Lloyd  and  Co.,  Limited,  of  James  s 
Bridge.  The  rails  rest  on  a  bed  of  Portland  cement  concrete 
6in.  uiick.  The  whole  area  to  be  paved,  including  a  space  of 
2ft.  lin.  ontflide  the  rails  on  each  side,  was  floated  with  fine 
cement  concrete  to  receive  5in.  by  3in.  creoeoted  wood 
blocks,  boiling  jriteh  and  tar  being  poured  into  the  joints 
for  about  lin.  in  depth,  the  remainder  being  flushed  up 
with  cement  ^rout  In  order  to  form  a  bond  with  the 
macadam,  a  serrated  margin  of  granite  setts  was  placed  at 
the  outside  of  the  pavii^. 

Depot  and  Generating  Station. 

The  depot  is  situated  at  the  Boumbrook  terminus  of  the 

tramway,  at  a  distance  of  about  SO  yards  from  the  main 


the  accumulator-room,  where  platforms  are  fixed  to  accom- 
modate sufficient  cells  for  two  extra  cars.  These  can  be 
charged  at  the  same  time  as  the  cells  on  the  elevator  cages, 
which  are  not  closed  in,  but  are  open  all  round,  so  that  the 
cells  may  be  thoroughly  under  control  and  examination 
Underneath  the  whole  area  occupied  by  these  elevators  is 
a  chamber  which  facilitates  examination  of  the  cylinders, 
rams,  and  connections,  and  enables  the  cages  to  fall  below 
the  floor  level 

Machinery  and  Plant  for  Charoinq  the 
Accumulators, 
The  engines  and  boilers  are  in  dupKcate,  and  each  boiler 
is  capable  of  generating  steam  for  one  engine,  each  engine 
being  guaranteed  to  deliver  100  h.p.  on  the  flywheel.  The 
two  boilers  are  of  steel,  multitubular,  of  the  "Economic" 
safety  type,  12ft.  6in.  long  and  7ft  6in.  diameter,  each  with 
two  flues  2ft  4in.  diameter,  and  70  smoke  tubes  Sin. 
diameter,  with  return  smoke-box  in  front  of  boiler :  each 
flue  has  two  Galloway  tubes,  and  is  fitted  with  Paxman's 
patent  expansion  joint  The  usual  fittings,  double  safety 
valve  and  fusible  plug,  are  provided.    ArrangementB  are 
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■trins.  After  the  current  has  pused  through  the  batteries 
ontaectgee  it  returns  bjmeanB  of  similar  copperstripa  on  the 
opposite  guides  to  the  negative  lead,  then  through  the  nega- 
tive terminal  fuse  blocks,  and  on  to  the  dynamo.  There  are 
also  provided  portable  voltmeters  for  testing  single  cells, 
-  tachometers  for  indicating  speed  of  dynamos,  and  hydrome- 
ters for  testing  the  specific  gravity  of  the  acid  solution. 
The  accumulators,  secondary  batteries  or  storage  batteries, 
are  of  the  El  well  Parker  type,  contained  in  vul- 
canite cells  filled  with  dilute  sulphuric  acid,  and 
are  composed  of  thin  lead  grids  filled  with  a 
pasta  of  red  lead  or  minium,  and  placed  vertical  Iv 
in  the  cells.  There  are  19  grids  or  plates  in  each  cell, 
10  negatives  and  nine  positives,  each  plate  being  about 
S^in.  by  6Jin.  The  plates  are  kept  apart  by  means  of 
vulcanite  insulators,  and  sufficient  space  is  left  between  the 
plates  to  prevent  their  being  short-circuited  in  case  any  of 
the  paste  pellets  should  happen  to  fall  out  of  the  perforsr 
tion  of  the  grids.  When  placed  in  the  car,  or  when  being 
charged,  eight  cells  are  placed  in  a  teak  tray  and  perma- 
nentTy  connected,  three  of  such  trays  forming  one  of  the 
four  groups  into  which  the  whole  battery  (when  iathe  car) 
Is  divided  for  controlling  purposes.  There  are  96  cells  to 
each  car,  giving  a  total  E.M.F.  of  about  192  volte,  and 


the  accumulator-room  forms  the  switchroom,  separated  from 
the  former  by  a  glazed  partition  of  pitch  pine  matchboard- 
ing  with  a  glazed  ceiling ;  adjoining  the  accumulator-roonii 
is  a  room  containing  three  underground  vats  or  tanks  for 
the  storage  of  oil,  formed  of  slate  slabs  and  white  glazed 

"  Hydbauuc  Puhping  Machinert, 

The  hydraulic  pumping  engine  and  pumps,  together  with 
the  hydniulic  accumulators,  are  placed  in  a  room  in  the 
water  tower  underneath  the  tank,  and  this  machinery 
maintains  a  pressure  of  7001b.  on  the  square  inch  in  the 
hydraulic  pipes.  In  the  same  room  is  placed  a  wall  pump 
which  raises  the  water  from  the  underground  tank  (pre- 
viously mentioned)  to  the  cast-iron  tank  on  the  top  of  the 
water  tower.  The  hydraulic  pipes  from  the  accumulators 
to  the  hydraulic  elevator  are  placed  in  a  conduit  and  sur- 
rounded with  sawdust  to  prevent  freezing.  The  top  of  the 
conduit  is  formed  of  wrought-iron  boxes,  filled  with  con- 
crete, so  as  to  enable  the  piping  to  be  readily  accessible. 

The  floors  of  the  charging  station,  car-shed,  boiler-house, 
and  engine-room  are  paved  with  Eureka  cement  concrete 
3in.  thick,  and  the  fitting-shop  and  accumulator-room  with 
wood  blocks.  The  engine-room  hu  a  dado  6ft.  high,  of 
I»tch  pine  matcbboardmg,  the  walls  above  being  plastered 
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requiring  a  current  of  about  35  amperes  to  charge  them,  an 
operation  which  lasts  about  10  hours.  The  hydraulic  cage 
elevators  are  so  canstructed  that  the  cells  can  be  removed 
at  any  time,  and  the  operation  of  charging  is  commenced 
by  toe  antomatic  connection  made  directly  the  trays  are 
removed  from  the  cars  to  the  shelves  of  the  elevators. 

The  lighting  of  the  sheds  and  shops  is  by  means  of 
16-cp.  incandescent  lamps  distributed  throughout  the 
building,  with  wall-platee  for  connecting  with  portable 
hand-lajnps.  Two  200-G.p.  lamps  are  fixed  over  the 
entrance  to  the  chaining  station. 

FnriNo  Shop  and  SMmnr. 
Adjoining  the  engine-room  is  the  fitting-shop  containing 
lathe,  drill,  grindstone,  with  shafting  and  provision  for 
additional  machine  took,  the  power  being  derived  from  an 
electric  motor  capable  of  developing  nine  brake  horse-power, 
with  a  speed  of  900  revolutions  per  minute,  having  slides 
for  ti^htenin^  belts,  etc.  A  suitable  smith's  hearth  with 
tools  is  provided  in  the  smithy  adjoining.  Between  the 
fitting-shop  and  the  accumulator-room  is  the  lead  furnace 
for  melting  lead  for  the  plates  of  the  cells.  A  glazed  stone- 
ware tank  is  provided  to  contain  a  store  of  acid  for  the 
renovation  of  the  acid  aolutioa  in  the  cells.    A  portion  of 


and  coloured.  The  ceiling  is  also  matchboarded,  and 
pierced  with  ornamental  coloured  lights,  and  apertures  for 
ventilation.  A  polished  and  glazed  pitch-pine  cose,  con- 
taining fire  hydrant,  hose,  etc.,  is  placed  in  a  prominent 
position  in  tiie  engine-room. 

The  boiler  chimney  is  circular,  110ft  high,  and  4ft 
diameter  at  top  of  cap,  which  is  formed  of  cast  iron,  in 
sections,  bolted  together.  There  is  a  4}in.  firebrick  lining 
with  a  3in.  air  space,  carried  up  about  20ft.  from  the  base 
of  the  flue,  and  climbing  irons  are  built  inside  from  top  to 
bottom.  The  lightning  conductor  consists  of  a  copper  band 
l^in.  wide  and  -^in.  thick,  attached  to  the  bricKwork  by 
brass  clips.  The  earth-plate  is  fixed  in  the  underground 
tank.  The  yard  is  paved  with  Sin.  by  Sin.  granite  setts, 
and  thare  are  urinals,  w.c.'s,  and  lavatory  for  the  use  of  the 
workmen  and  the  officials.  Telephonic  communication  is 
provided  in  connection  with  the  Birmingham  exchange. 

Cabs. 
The  care  have  been  bnilt  by  the  Midland  Carriage  Com- 
pany, Limited,  at  Shrewsbury,  the  electrical  and  mechanical 
fittings  being  supplied  by  the  Electric  Construction  Cor- 

K ration  from  their  works  at  Wolverhampton  (late  Elwell- 
rker)  and  are  on  the  "  Julien  "  principle. 
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Tha  can  (which  are  very  aunilor  in  appearance  to  the     two  bogie  tracke,  about  16ft.  between  centres,  the  frain»- 
ahle  CUV  belonging  to  the  same  company)  are  6ft.  Sin.  |  work  being  of  channel  iron  sbvngijiened  by  two  king  tnuaee. 


Fio.  4. — Chamber  for  Hydranlia 


Half  Plan  BB.  Ha 

Fio.  C— Fonndation  forHTdranI     Elevator. 


*i^uid  26ft.  6in.  long,  aboat  4fL  6in.  at  each  end  being  t  On  the  top  of  the  can  rererrible  garden  aeata  are  pro 
Mcupied  by  the  platforms,  and  are  conatnicted  to  carry  I  vided,  and  maide  the  mnal  longitudinal  aeata  with  a 
H  iniide  and  !i€  ontiide  pasBengera.    They  are  carried  on  |  passage  down  the  centre.     Below  the  platefjlasa  windows 
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on  the  outside  are  polished  teak  panela,  which  slide 
vertically,  and  afford  access  to  the  trays  carrying  the  cells 
of  the  latteries  underneath  the  seats.  There  are  six  trays 
on  each  side  of  the  car,  and  euch  tray  holds  oi^ht  colla, 
there  being  96  altogether.  The  celle  arc  of  vulcftnite,  and 
the  traya  of  teak,  each  tray  carried  on  three  runnem 
fixei  to  the  car  floor.  The  cells  in  each  tray  are 
permanently  connected  up  in  series,  and  the  positive  and 
negative  terminals  are  connected  to  brass  plates  attached  to 
opposite  ends  of  the  tray.  Between  each  pair  of  trays  is 
fixed  a  spring  copper  contact  block,  V  ^baped,  screwed  to 
the  floor  of  the  car,  with  the  apex  of  the  V  pointing  out- 
wards, the  wings  of  the  V  spreading  laterally.  When  the 
trays  are  pushed  into  the  cars  the  two  tips  of  the  Y  pieces 
come  into  contact  with  the  brass  plates  on  the  ends  of  the 
traya,  and  so  the  whole  of  them  are  automatically  conncClLd 
up.  The  13  trays  (96  cells)  are  arrangod  in  four  groups  of 
24  cells  each,  the  whole  of  the  cells  in  each  group  being 
permanently  in  series,  and  the  four  positive  and  four  nega- 
tive terminal  leads  are  brought  up  to  the  switch  used  by 
the  driver  of  the  car,  by  means  of  which  the  four  groups 
may  be  connected  up  with  the  motor  in  six  different  ways. 
No.  0. — All  the  groups  separate  and  disconnected. 
No.  1. — All  the  groups  in  parallel,  but  not  connected  with 

motor. 
No.  2. — The  four  groups  in  parallel,  all  the  positives  being 
connected  tt^ether  and  with  the  positive  terminal  of 
the  motor ;  and  all  the  negatives  together  and  with 
the  negative  terminal. 
No.  3. — Half  the  groups  in  series  and  half  in  parallel. 
No,  4. — Two  of  the  groups  are  connected  in  parallel,  so  as 
to  form  one  group,  and  the  other  two  are  then  con- 
nected up  in  series  with  this  couple — bo  that  practic- 
ally there  are  three  groups  in  series. 
No.  B. — The  whole  four  groups  in  series. 

Thus  it  will  be  seen  that  the  whole  of  the  cells  are 
always  in  use  when  the  car  is  in  motion  and  fair  uniformity 
of  discharge  is  maintained. 

When  the  switch-handle  is  at  the  extreme  end,  the  whole 
of  the  batteries  are  on  open  circuit,  disconnected  from  each 
other  and  from  the  motor.  On  being  moved  into  the  first 
position,  the  batteries  are  all  connected  up  and  ready  for 
work,  but  not  connected  with  motor.  This  position  tends 
to  equalise  the  batteries.  The  second  position  connects 
the  tutteries  with  the  motor,  but  only  gives  one-fourth  of 
the  total  EM.F.,  and  would  be  used  probably  when 
travelling  on  the  level  with  a  light  load.  The  third 
position  gives  half  the  total  KM.F.  The  fourth  position 
gives  three-fourths  of  the  total  E.M.F.  The  fifth  position 
gives  the  total  KM.F.  of  the  whole  of  the  96  cells,  and 
would  be  used  in  going  up  hill  with  a  heavy  load.  This 
method  of  controlling  the  current  is  one  of  the  Julien 
patents,  acquired  by  the  Electric  Construction  Corporation, 
and  does  away  with  the  necessity  for  resistance  coils  in 
the  circuit. 

Motors. 
The  motors  are  of  the  Elwell-Parker  type,  double  limb, 
series  wound,  and  run  with  140  revolutions,  but  a  velocity 
of  700  revolutions  per  minute  is  required  to  maintain  a 
speed  of  eight  miles  per  hour.  There  is  only  one  motor  to 
each  car,  carried  on  one  of  the  bogie  trucks  by  means  of  an 
aluminium  brass  or  steel  frame,  which  has  three  points  of 
support,  two  being  rigidly  fixed  on  one  axle  of  the  bogie, 
and  the  other  resting  on  the  second  axle  through  the  inter- 
vention of  a  strong  helical  spring. 

Thus  it  will  be  seen  that  the  motor  and  its  appendages 
are  entirely  independent  of  the  oscillation  of  the  car  due 
to  variations  of  load.  At  one  end  of  the  armature  are  the 
commutator  and  brushes,  and  the  other  end  carries  a  pinion 
which  gears  right  and  left  into  two  spur  wheels  carried  by 
countershafts  on  the  brass  frame.  On  these  same  counter- 
shafts are  fixed  additional  pinions,  which  gear  into  spur 
wheels  on  the  two  axles  of  tlie  bogie,  and  Uius  the  motion 
of  the  armature  is  gradually  reduced  to  the  speed  required 
for  the  car,  the  proportion  being  about  6^  to  1.  All  the 
gearing  is  done  by  helical  teeth. 

The  switch  by  means  of  wbicli  the  driver  oontrols  the 
current,  and  therefore  the  car,  is  placed  on  the  oar  platform 
just  underneath  the  steps,  and  ia  quite  out  of  the  way  of 


the  passengers.  The  lead,  etc.,  joining  the  cells  up  to  the 
switch  are  enclosed  in  a  teak  matchboard  casing,  the  switch 
being  placed  on  the  top  of  the  casing.  The  part  of  the  car 
floor  over  the  motor  is  removable.  The  cars  are  lighted  by 
two  16-c.p.  incandescent  lamps,  one  at  each  end.  A  ijower- 
ful  brake  is  provided  which  grips  the  whole  of  the  eight 
wheels  at  the  same  time,  and  there  is  also  an  auxiliary 
brake  attached. 


•  sM  """(UiSJ    ....  y2il*''<'-  6.— Car|Motor.      J  _;«  iiJ'i 

The  whole  of  the  contractors  have  carried  out  their  work 
in  a  most  satisfactory  manner,  especial  credit  being  due  to 
the  Electric  Construction  Corporation  for  the  excellence  of 
the  work  and  materials  included  in  their  portion  of  the 
installation. 

The  following  list  gives  the  names  of  the  several  con- 
tractors employed :  Permanent  way  within  the  city,  The 
Improved  Wood  Pavement  Company,  Limited  ;  permanent 
way  outside  the  city,  John  Fell,  Leamington ;  depot,  John 
Fell,  Leamington ;  engines  and  boilers,  Messrs.  Davey, 
Paxman,  and  Co.,  Colchester  ;  machine  tools,  Alldays  and 
Onions,  Limited,  Birmingham ;  hydraulic  elevators  and 
pumping  machinery.  The  Glenfield  Company,  Limited, 
Kilmarnock ;  dynamos,  leads,  and  electrical  fittings,  The 
Electric  Construction  Corporation,  Limited,  Wolverhamp- 
ton ;  cars,  motors,  and  wiring,  The  Electric  Construction 
Cor]X)ration,  Limited,  Wolverhampton. 

Messrs.  E.  Pritcbard,  M.IC.E.,  and  Joseph  Rincvd, 
M.LC.E.,  of  Birmingham  and  London  (the  engineers  to  the 
tramway  company),  designed  the  permanent  way  outaide 
the  city  boundary,  also  the  depot  and  the  electric  installa- 
tion. The  works  have  been  executed  under  the  superin- 
tendence of  Mr.  A.  W.  Pritcbard,  C.E.,  for  the  engineers. 


HOW  TO  ESTABLISH  A  CENTRAL  ELECTBIC 
LIGHTING  STATION. 

BY    SYDNEY   F.   WALKER. 
fConlitmcd  from  page  IZS.) 

The  battery  system  combines  to  a  very  large  extent  the 
advantages  and  disadvantages  of  both  systems,  white  it 
also  has  advantages  and  disadvantages  of  its  own. 

With  this  system  cables  will  be  smaller  than  with  the 
low-tension  system,  not  as  small  as  with  the  high  tension. 
Insulation  must  be  higher  than  with  low  tension,  and  need 
not  be  as  hi^h  as  with  the  transformer  system.  With  this 
system,  too,  it  should  be  possible  to  ensure  an  absolutely 
constant  supply,  provided  that  good  men  can  be  obtained 
to  place  in  charge  of  substations,  and  that  they  are  pro- 
vided with  a  liberal  allowance  of  sjiaro  cells. 

The  disadvantages  of  the  system  are  the  want  of  concen- 
tration, giving  the  superintending  engineer  so  much  more 
work  in  looking  after  hia  mon,  or,  as  an  alterna'ive,  necessi- 
tating a  very  superior  and  more  highly  paid  stuff  in  charge 
of  the  sub-stations,  the  much  greater  complication  of  the 
apparatus,  the  larger  number  o£  skilled  eraploySs  necesaary, 
and  the  extra  cost  of  the  installation,  owing  to  the  high 
price  of  storage  batteries.  In  the  matter  of  maintenance, 
too,  the  rente  of  the  sub-stations  must  not  be  forgotten, 
though  there  may  be  a  diminution  of  reqt  of  the  central 
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Each  dynamo  uid  each  engine  Bhonld  ran  perfectly 
indepenaently  of  all  the  othsra ;  there  being  no 
connection  either  electrically  or  mechanically  except 
through  the  boilw,  and  the  latter  should  abo  be  divided 
as  much  as  convenient.  At  the  same  time,  it  should  be 
practicable  for  each  current  to  be  thrown  on  to  any  par- 
ticular dynamo  at  a  moment's  notice  by  the  turning  of  the 
handle  of  a  quick-acting  switch.  The  latter  must  be  so 
constmcted  that  it  is  not  possible  for  any  two  dynamos  to 
be  connected  through  the  switch,  or  the  result  will  prob- 
ably be  disastrous,  one  dynamo  forming  a  circuit  of  veiy 
low  resistance  for  the  other.  It  is  not,  however,  a  difficult 
matter  to  design  switches  that  will  fulfil  these  conditions, 
even  for  several  dynamos.  In  fact,  many  such  switches 
are  in  use  at  the  present  time. 

Do  not  be  tempted  to  adopt  the  plan  of  connecting  two 
or  three  dynamos  to  one  set  of  mains.  It  looks  simpler, 
hut  in  practice  it  is  not  so,  and  gives  trouble.  At  the  very 
least  it  necessitates  much  greater  attention  at  the  station. 
The  idea  upon  which  the  plan  is  baaed  is  similar  to  that 
which  rules  in  the  text-books,  where  instructions  are  given 
to  connect  cells  in  two  or  three  parallels  in  order  to  obtain 
the  best  result.  It  is  supposed  that  each  parallel  will 
always  have  the  same  EJd.F.  and  the  same  resistance, 
whereas  they  rarely  do  have  when  first  chareed,  and  never 
maintain  it.  So  with  dynamos  running  U^etner  in  parallel 
If  the  KM.F.  at  the  terminals  of  each  is  always  the  same, 
theji  will  all  simply  deliver  their  current  to  the  mains,  and 
divide  the  work  between  them  in  inverse  proportion  to  their 
internal  resistances.  But,  in  practice,  no  two  dynamos  ever 
do  give  exactly  the  same  KM.F.  \o  two  engines  can  be 
depended  on  to  run  at  exactly  the  same  speed  always.  The 
result  is  that  the  dynamo  which  has  the  highest  E.M.F. 
prevents  the  others  delivering  any  current  into  the 
mains,  until  its  own  E.M.F.  is  reduced  to  the  level  of  the 
others.  Should  its  E.M.F.  now  fall  below  that  of  either  of 
the  other  dynamos,  it  ceases  to  give  a  current,  and  eo  on, 
■O  that  the  work  which  any  dynamo  of  the  group  may  be 
doing  is  quite  beyond  the  control  of  the  engineer  unless  he 
has  a  very  careful  man  watching  all  the  machines  in  use, 
and  this  man  has  an  easily-applied  regulating  appantos  that 
he  can  quickly  adjust  as  the  dynamos  require  iL  This 
means  additional  skilled  labour,  and  something  taken  from 
the  poesibilities  of  a  dividend  without  any  gain  to  show  in 
return,  unless  it  be  a  small  reducdon  of  capital  for  cables, 
and  not  always  this.  With  each  dvnamo  and  engine  work- 
ing independently,  the  increase  or  decrease  of  the  voltage  of 
anv  dynamo  by,  sav,  1  per  cent.,  or  even  more,  above  or 
below  the  standard  would  not  be  solaced  in  tiie  lights, 
while  with  all  the  dynamos  ooDD6ot«d  tc^Uier  it  miKht 
have  a  very  serious  effect. 

Added  to  this  is  the  consideration  where  alternators  are 
used  of  the  necessary  rise  of  voltage  at  the  terminals  of  the 
alternator  as  the  work  increases,  and  the  converse  as  it 
decreases.  It  wilt  add  to  the  attention  required  if  this  rise 
and  fall  has  to  be  provided,  and  also  eacn  d}ni&mo  has  to 
be  kept  exactly  at  a  given  £,M.F.,  for  each  point  of  the 
oonsumption  curve. 

It  has  been  said  that  by  connecting  the  brushes  together, 
+  to  -I-  and  -  to  - ,  the  difficulty  is  got  over,  as  there  is 
uniform  E.M.F.  or  difference  of  potential  all  through, 
owin^  to  the  presence  of  the  connecting  wire.  There  is 
nothing  of  the  kind;  the  E.U.F.  to  be  dealt  with  is  that 
generated  by  each  individual  armature,  less  the  charge 
upon  it  for  the  current  passing  through  it,  and  the  connect- 
ing wire  does  not  affect  this.  It  only  forms  another  path 
for  the  current  Added  to  this,  the  cross  connections  be- 
tween the  dynamos  are  very  troublesome  when  it  is  desired 
to  stop  any  particular  one.  In  a  case  which  came  under 
the  writers  notice,  in  which  two  dynamos  had  been  con- 
nected in  every  «a^  it  was  possible — even  the  two  engines 
that  drove  them  being  connected  together  by  a  clutch  on  the 
countershaft — it  was  necessary,  in  stopping  either  dynamo, 
to  be  ready  to  put  the  switches  out,  as  the  brassworx  inva- 
riably caught  fire,  owing  to  the  intense  spark  that  passed. 
The  trouble  was  completely  cured  by  separating  the  dy- 
namos and  engines,  and  dividing  the  work  between  them 
when  it  was  heavy,  or  letting  one  take  all  when  it  was 
light. 

Next,  in  starting  the  station,  which  will  be  beat— to  oom- 


mence  with  small  enginee  and  dynamos  and  lead  up  to 
large  ones,  or  to  use  urge  ones  at  once.  This  will  depend 
upon  circuinstances.  If  a  careful  canvass  of  the  district 
covered  by  the  mains  brings  promises  of,  say,  3,000  lamps, 
then  the  plant  laid  down  may  consist  of  three  dynamos  and 
engines,  each  capable  of  furnishing  1,000  lampe,  and  a 
■    ■■  -■      ■  ■  ■       -fpro    ■ 


similar  set  as  spue.     If  only  a  small  number  of  pro 

can  be  obtained  at  first,  say  only  500  lamps,  then  the  wisest 
plan  would  appear  to  be  to  lay  down  three  engines  and 
three  dynamos,  each  capable  of  furnishing  260  lamps,  one, 
of  course,  being  for  span.  As  more  lights  are  added  a 
dynamo  and  engine  capable  of  fornishiug  600  lamps  may 
be  fixed,  giving  a  perfectly  safe  supply  of  760,  or  even 
1,000,  lishts.  Later  on  aset  for  1,000  lamps  may  be  added, 
and  BO  on.  The  smaller  enxines  and  dynamos  will  be  found 
very  useful  for  night  work,  and  will  relieve  the  lai^er 
machines  very  considerably. 

In  running,  the  plan  adopted  should  be  always  that  two 
engines  and  dynamos  do  the  work  that  is  on,  each  if  pos- 
sible running  under  power,  while  a  third  one  is  running 
also,  ready  to  be  switched  on  in  an  instant ;  and  there  will, 
of  course,  be  a  constant  watch  upon  the  ampere  and  volt 
meters,  and  upon  the  dynamos  and  engines  themselves,  so 
that  in  case  of  any  sudden  trouble  with  any  machine  the 
work  it  is  doing  may  be  instanUy  thrown  on  to  another 
one. 

At  the  time  when  the  heavy  work  of  the  day  comes  on 
all  the  engines  and  dynamos  should  be  running,  and  each 
switched  on  in  succession  as  the  work  shown  b^  the  amme- 
ter calls  for  it;  also,  as  the  work  drops  on  the  larser 
machines  should  be  stopped,  and  the  smaller  ones  graduoUy 
settle  down  to  their  night's  work. 

(To  he  eoniaaud.) 


AN    ABHATURB-SAVINO  DEVICE. 

One  of  the  difficulties  often  encountered  in  electric  motor 
practice  is  the  severe  strain  put  upon  the  machine  in  start- 
ing under  full  load.  The  armature  is  at  rest,  and  receives 
the  full  nuh  of  the  current  when  least  able  to  withstood 


An  Aimatnra-Saving  Device. 

it.  If  it  ware  possible  to  take  up  the  load  gradually,  giving 
the  armature  a  chance  to  protect  its^  by  the  oountar 
KM.F.  developed,  burnt  out  motors  would  be  for 
fewer.  The  cut  given  herewith  shows  an  ingenious  plan, 
devised  by  Mr.  K  H.  Johnson,  for  the  purpose  of  effecting 
this  very  useful  end.  The  plan  is  a  simple  one.  The  arma- 
ture does  not  drive  the  armature  spindle  directlv,  but  by 
a  somewhat  flexible  connection  arranged  in  the  follow- 
ing manner :  The  plates  that  form  the  armature  core  are 
mounted  on  a  hollow  cylinder,  and  through  its  centre 
passee  the  spindle,  which  nuts  loose  in  the  end  placQs  of  the 
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COMPANIES'  MEETINGS. 


CITY  AND  SOUTH  LONDON  RAILWAY. 

The  twelfth  ordinary  general  meeting  of  the  City  and  South 
London  Railway  Company  took  plaoe  on  Tuesday  at  Win- 
chester House,  Old  Broad-street. 

Mr.  OluwlMi  O.  Kott  (the  chairman  of  the  Company),  who  pre- 
sided, said  that  at  the  time  of  the  last  meeting  one  of  the  tunnels 
was  incomplete,  and  thev  were  then  steadily  driving  it  through 
the  stratum  of  wet  gravel  at  Stockwell.  He  was  happy  to  say  that 
the  tunnel  was  completed  without  anv  mishap,  ana  now  that  the 
whole  of  the  tunnels  were  finished,  they  might  well  accord  their 
best  thanks  to  the  engineers  and  contractors  for  the  manner  in 
which  they  had  carried  out  the  work.  It  was  a  work  of  exceptional 
difficulty,  and  it  had  been  conducted  throughout  with  exceptional 
success.  No  serious  accident  had  occurred,  and  he  believea  there 
was  hardly  a  record  of  so  long  a  length  of  tunnel  having  been  driven 
with  so  little  accident  or  loss  of  life.  The  completion  of  the  tunnel 
had  been  followed  by  the  completion  of  the  permanent  way 
running  through  it.  The  rails  were  laid,  and  the  electrical  main 
cable  for  conducting  the  electricity,  and  the  service  conductor  for 
the  locomotives  had  idso  been  laid  throughout  both  the  tunnels. 
The  construction  of  the  lifts  had  taken  a  much  longer  period  than 
had  been  anticipated,  for  until  these  were  finished  they  could  not 
proceed  with  the  final  completion  of  many  of  the  works  connected 
with  the  stations  and  approaches.  A  preat  deal  of  the  rolling 
stock  was  ready,  and  an  en^e  and  carnages  had  run  by  electriciu 
power  from  one  end  of  the  hue  to  the  other  at  a  speed  greater  than 
was  required  for  the  service.  The  Board  were  now  busily  engaged 
in  arranging  for  the  working  of  the  line,  and,  as  this  was  some- 
what of  a  novelty,  it  was  necessarv  that  the  staff  should  be  well 
acquainted  with  their  new  duties  oefore  the  line  was  opened  to 
the  public,  which  he  hoped  would  shortly  take  place.  The  Bill 
for  extending  the  line  to  Clapham  had  received  the  Royal  assent, 
and  by  it  the  name  of  the  CoDUMiiy  had  been  changed  to  that  of 
the  City  and  South  London  Railway  Company.  He  moved  the 
adoption  of  the  report. 

Kr.  8.  Haalraiy  seconded  the  resolution,  which  was  agreed  to 
without  comment. 

At  a  special  general  meeting  which  followed,  a  resolution  was 
agreed  to  converting  the  existing  share  capital  of  the  Company 
into  stock,  in  order  to  facilitate  its  transfer. 

A  resolution  was  also  passed  sanctioning  the  creation  and  issue 
of  the  new  ordinary  share  capital. 

The  meeting  closed  with  the  usual  vote  of  thanks. 


PROVISIONAL  PATENTS,  1800. 


CHIU  TELEPHONE. 


The  first  annual  general  meeting  of  the  shareholders  of  the  Chili 
Telephone  Company,  Limited,  was  held  last  Friday  at  Winchester 
House,  Old  BrcMid-street,  Mr.  R.  R.  Jackson  presiding. 

The  CliAimuui,  in  moving  the  adoption  of  the  report,  said  that 
no  doubt  many  of  them  were  anxious  to  know  why  the  dividend 
they  had  to  propose  was  not  6  per  cent.,  as  was  anticipated  by  the 
prospectus  of  the  Company.  The  fact  was  that  when  the  pro- 
spectus was  issued  the  rate  of  exchange  was  26d.  per  dollar,  out 
smce  that  period  the  rate  of  exchangenad  fallen  to  24d.  per  dollar. 
If  the  rate  of  exchange  had  continued  all  through  at  26d.  the  earn- 
ings would  have  been  close  upon  £1,000  more,  and  the  dividend 
anticipated  by  the  Directors  would  have  been  realised.  There 
was,  nowever,  another  difficulty  with  which  the  Directors  had 
had  to  contend,  and  that  was  the  difficulty  with  the  dissentient 
shareholders  resident  in  Chili  with  regard  to  the  legalisation  of  the 
transfer.  Negotiations  were  now  pending,  however,  to  settle  the 
differences  which  he  expected  shortly  womd  be  brought  to  a  close. 
The  vendor  company  appointed  the  Company's  manager  in  Chili  to 
be  the  general  mana^r  of  the  vendor  company,  and  since  that 
appointment  the  busmess  had  been  conducted  without  serious  in- 
convenience ;  he  therefore  expected  that  the  Company  would  make 
much  greater  progress  in  the  future.  He  thought  he  might 
assure  the  sharenolders  that  the  prospects  held  out  by  the  pro- 
spectus would  be  fully  realised,  as  they  had  property  of  great 
value. 

Kr.  T.  Greenwood  seconded  the  motion,  which  was  adopted. 

The  meeting  then  re-elected  the  retiring  officers,  after  which  a 
vote  of  thanks  was  accorded  to  the  Chairman  for  presiding. 

NAXIM-WESTON  ELECTRIC. 

A  special  meeting  of  this  Company  was  held  last  week  for  the 
purpose  of  passing  a  winding-up  resolution. 

Mr.  J.  P.  Ooodlng,  who  presided,  stated  that  as  the  shareholders 
were  not  disposed  to  subscribe  more  capital  to  carry  on  the  work 
of  the  Company,  they  could  not  ffo  on.  He  thought  they  had  suffi- 
cient to  pay  their  liabilities.  He  moved  :  "That  it  has  been 
proved  to  the  satisfaction  of  the  meeting  that  the  Company  cannot 
by  reason  of  liabilities  continue  its  business,  and  that  it  is  advisable 
to  wind  up  the  same;  and,  accordingly,  that  the  Company  be 
wound  up  voluntarily." 

After  some  discussion  the  resolution  was  agreed  to. 


BrAilllMi  Snlmuuiae  Telegr»pli  Ccmpmos^—The  receipts  for 
the  week  ended  August  8  amounted  to  £4,863. 

Wesftem  wad  Bnudllaa  Telegrai^  OompMij,  Limited.  ~The 
traffic  receipts  for  the  week  ended  August  8,  after  deducting  the 
fifth  of  the  ffroes  receipts  pmkble  to  the  London  Platino-BraEilian 
Telegraph  Company,  were  £3,761. 


Auousv  5. 

2171.  ImproremMits  in  etootrle  motor  meehudsm.    Samuel 

Erastns  Mower,  55,  Chancery-lane,  London.     (Complete 

spedfioation.) 
2188.  Zmproveme&ts  la  elootrtoal  mwfMbm,     William   Paul 

Theerman,  18,  Phosbe-street,  Salford,  Lanes. 
2209.  Improvementa  la  eieotrle  meters.    Heurtav  Ren6,  989 

Rue  d'Assas,  Paris.     (E.  Meylan  and  W.    Rechniewskl, 

France.) 
2221.  Ab  Improved  »ppar*tiui  for  tbe  moMmremeBt  of  etoe- 

trleal  energy.      Henry  Harris  Lake,  45,  Southampton* 

buildings,  London.      (Edward    Weston,    United    States.) 

(C])omplete  specification.) 
2228.  ImproTomente    la    eommntators   for   dyaamo-eleetrie 

maoMnee.      James    Watson  Easton,    63,    Chancery-lane, 

London.    (Complete  specification.) 
2281.  Gommntaton  for  eieotrleal  maeMnee.    Willis  Willson 

Vail,  77,  Chancery-lane,  London.    (Complete  specification.) 
2244.  Improvemeate  la  aoeketa  finr  eleetrle  laaipe.     Alfred 

Vincent  Newton,  6,  Bream's-buildings,  London.     (Alfred 

Swan,  United  States.) 
2247.  Improremeate  la   aad  relating  to  eieotrlo   Immgm  or 

lighting  apparatus.  Henry  Harris  Lake,  45,  Southampton- 
buildings,  London.    (George  Curtis  Pyle,  United  Sutes.) 

(Complete  specification.) 

August  6. 

2330.  naproremeate  la  tl&ermo-eiaetno  batlerlM.  Oeoroe 
Edward  Gouraud,  191,  Fleet-street,  London.  (Edward  N* 
Dickerson,  United  States.) 

August  7. 

2337.  Tlie  ladeetmotiUeeleetrlo  fllameat  need  for  laeandee 
oent  eleotrlo  Ugbt.  Conrad  Herzog,  11,  Queen  Victoria- 
street,  London. 

2352.  Kaklag  eleotrlo  ooataeta  Ibr  rlaglag  elaetrto  bells,  aad 
otber  pnrpoMS,  Arthur  Henry  Bagnold,  Borstal  Cottage, 
Rochester. 

2381.  An  Improved  deiioe  Ibr  ftudlltatlng  tbe  eonneotton  aad 
dlflooaaeotloa  of  eieotrleal  ooadnetom.  Alfred  Lyster 
Shepard,  45,  Southampton-buildings,  London. 

August  8. 

2394.  Composition  bmabee  Ibr  eleetrto  Ugbtlng.    William  P. 

Odium,  The  Elms,  Portarlington. 
2422.  An  eleotrlo  pendulum  flbr  firing  iblpe'   gnna.    Johann 

Jenc,    22,    Southampton-buildings,    London.      (Complete 

specification.) 

2439.  Improvements  In  aad  relating  to  eleotrlo  lamps  or 
lighting  apparatus.  Alfred  Lyster  Shepard,  45,  South- 
ampton-buildings, London. 

2440.  Portable  oomMaatloa  eieotrleal  testlag  set.  Arthur  A. 
Day  and  Herbert  John  Dowsing,  4,  Queen  Victoria-street, 
London. 

August  9. 

2475.  Improvements  In  elsetrloal  smelting.  Ednard  Taussig, 
18,  Buckingham-street,  Strand,  London. 

2504.  Improvements  In  bolders  for  laoaadesoeat  eleotrfte 
lamps.  Edwin  Percival  AUam,  33,  Chancery-lane,  Lon- 
don. 


SPECIFICATIONS  PUBLISHED. 

1889. 

13580.  Mleetrle  body  belt.    Redfern.    fid. 

13675.  meetrloallyUgbtlagrattwsartralas.    Langdon.    8d. 

14380.  TOIsgraplij.    Allen  and  Brown.    8d. 

14485.  Telepbonle  osll  apparatus.    Greenwood.    8d. 

1890. 

7867.  aieetrlo  motors.    Lake  (The  Giant  Electric  Motor  Com* 
pany).    8d. 

9125.  Teiepboalo  apparatus.    Kingsbury  (The  Western  Eleotric 
Company.)    8d. 
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Lehi^li  Aoonmiilator  Cars. — ^A  second  100  h.p. 
boiler  and  Westinghouse  engine  is  now  being  installed  for 
the  Lehigh  Passenger  Railway  Company  to  drive  a  60,000- 
watt  dynamo  for  their  storage  car  system.  The  company 
has  so  far  only  received  the  batteries  for  four  cars,  and  with 
these  it  is  carrying  from  50  to  110  passengers  on  each  car 
at  each  trip. 

The  Electxio  Lamp  for  Neuralgia. — A  writer  in 
the  Medical  Record  says  that  he  has  several  times  obtained 
much  relief  when  suffering  from  facial  neuralgia  by  apply- 
ing to  his  face  an  incandescent  electric  light.  He  suggests 
that  the  lamp  could  also  be  used  in  poulticing,  laying  it 
over  a  flaxseed  or  other  form  of  poultice,  thus  securing 
constant  heat. 

DivifidonVote  Recorder. — Mr.Enos,  who  has  invented 
a  system  of  recording  division  votes,  has  asked  for  an 
appropriation  of  60,000dols.  to  install  the  system  in  the 
American  House  of  Sepresentatives.  In  the  session  there 
have  been  300  divisions,  consuming  30  minutes  each,  adding 
up  to  30  days  lost  in  counting  votes,  of  which  the  electric 
system  would  save  25  days. 

Progress  of  Eleotrioity  In  Germany. — A  good 
idea  of  the  development  of  the  supply  of  electricity  in 
(rermany  may  be  obtained  from  a  glance  at  the  following 
table  of  comparison,  which  is  given  as  the  number  of 
ampere-hours  supplied  in  Berlin  by  the  Elektricitats  Werke 
during  the  month  of  August  for  the  last  five  years  : 

Year.  1885     1886     1887      1888       1889 

Ampere-hours.     1,462    5,875    7,825    13,290    22,000 

Woodhonse  and  Raw8on« — We  are  informed  that 
Woodhouse  and  Bawson  have  been  awarded  a  silver  medal 
for  their  show  at  the  Exhibition  of  Fire  and  Life  Saving 
Apparatus  now  being  held  at  Amsterdam.  We  notice  that 
this  company  have  now  West-end  offices  at  16,  Great 
George-street,  and  works  at  Union  Foundry,  Kidsgrove,  and 
Strand  Works,  Ghiswick,  besides  those  at  West  Kensington, 
and  Cornbrook,  Manchester. 

Telephone  between  Paris  and  Bordeaux. — The 

people  of  Bordeauz'havo  long  desired  to  be  telephonically 
connected  with  Paris.  As  the  result  of  an  enquiry  made 
by  order  of  the  French  Postmaster-General,  M.  de  Selves, 
the  telegraph  department  have  informed  the  Mayor  of 
Bordeaux  that  the  installation  of  a  long-distance  telephone 
line  will  be  commenced  as  soon  as  the  Municipal  Council  of 
that  town  will  vote  450,000f.  as  representing  its  share  of 
the  necessary  expenditure. 

Sheffield  Corporation.— A  visit  is  arranged  by  the 
Parliamentary  Committee  of  the  Sheffield  Corporation  to 
the  Bradford  central  electric  station  early  in  September, 
and  the  town  clerk  is  to  report  on  the  steps  necessary  to 
obtain  a  provisional  order.  The  Water  Committee  of  the 
ame  Corporation  suggests  the  co-operation  of  any  electrical 
engineer  employed  by  the  town  to  ascertain  how  far  the 
numerous  water  wheels  in  the  Bivelin  Valley  can  be  made 
available  for  the  purposes  in  question. 

Haslingden* — At  the  meeting  of  the  Local  Board  of 
HasHngden,  Lanes.,  last  week,  Mr.  James  Barlow  gave 
notice  that  at  next  meeting  he  would  move  that  the  Board 
take  into  consideration  the  advisability  of  making  applica- 
tion in  next  session  of  Parliament  for  the  powers  neces- 
sary to  carry  out  the  ^lectric  lighting  of  the  district.  This 
did  not  mean,  he  said,  that  they  were  going  to  carry  out 
the  powers  asked  for,  but  in  order  to  prevent  other  people 
making  application  for  those  powers. 


Bleotrio  Ventilators  in  Paris.— A  large  number  of 
enquiries  have  been  made  during  the  recent  hot  weather  in 
Paris  for  electric  ventilating  fans.  M.  Vernes,  the  able  engi- 
neer of  the  Continental  Edison  Company,  in  his  visit  to  the 
United  States  was  struck  with  the  usefulness  of  these  fans, 
and  has  been  doing  his  best  to  induce  the  Parisians  to  adopt 
them.  It  has  been  found  well  to  allow  the  incoming  air 
to  pass  over  iced  water,  in  which  case  the  coolest  and 
healthiest  conditions  are^realised. 

Harrogate. — The  quarterly  meeting  of  the  Harrogate 
Town  Council  was  held  last  week.  A  number  of  companies 
having  given  notice  to  the  Corporation  that  they  would 
seek  powers  for  the  purpose  of  lighting  the  town  with  elec- 
tricity, the  town  clerk  reported  that  the  notices  were  in 
the  hands  of  the  borough  solicitor,  who  was  instructed  to 
take  all  necessary  steps  with  regard  to  the  same  in  order 
to  prevent  the  companies  obtaining  the  powers  which  the 
Corporation  hope  in  the  near  future  to  obtain  themselves. 

Fire  at  the  Edison-Swan  Factory.— An  alarming 
outbreak  of  fire  occurred  on  Tuesday  morning  at  the  Edison- 
Swan  Electric  Lamp  Works,  at  Ponder's-end.  It  originated 
in  the  girls'  workroom,  which  speedily  became  a  mass  of 
flames.  Fortunately  all  the  hands — numbering  several 
hundreds — escaped  without  injury.  The  company*s  own 
fire-extinguishing  apparatus,  supplemented  by  that  of 
neighbouring  factories,  did  good  service,  and  prevented 
what  at  one  time  threatened  to  be  the  destruction  of  the 
whole  works. 

Traction  Cells. — We  read  that  Mr.  J.  K.  Pumpelly, 
of  the  Pumpelly  Storage  Battery  and  Electric  Motor  Co., 
is  now  manufacturing  a  cell  in  which  the  electrolyte  is  ab- 
sorbed by  a  special  cellulose  fibre  which  is  placed  in  it 
between  the  plates  and  filling  it  up.  The  evaporation  of 
the  electrolyte  is  thereby  greatly  decreased  and  the  resist- 
ance of  the  cell  is  not  materially  increased.  The 
E.M.F.  also  remains  remarkably  constant  during  the 
whole  duration  of  the  discharge.  It  is  impossible  for  the 
acid  to  splash  out,  and  the  battery  is  stated  to  be  admirably 
adapted  for  tramcar  service. 

Recntting  Old  Files. — The  method  suggested  some 
time  ago  for  the  electric  recutting  of  old  files  has  on  the 
recommendation  of  a  Swiss  engineer,  M.  Personne,  of 
Neufchatel,  been  adopted  by  the  Minister  of  War.  This 
method,  it  will  be  remembered,  consists  simply  in  placing 
the  old  and  worn-out  files  in  a  vessel  containing  acidulated 
water  along  with  some  plates  of  carbon,  and  then  closing 
the  circuit  of  the  battery  thus  formed  with  short  lengths 
of  wire.  Bubbles  of  air  form  and  protect  the  teeth,  while 
the  rest  of  the  metal  is  undercut.  The  process  is  simple, 
costless,  and  within  the  reach  of  any  ordinary  workman. 

Private  House  Lifftitinflr. — The  lighting  of  the  Manor 
House,  near  Twyford,  has  just  been  completed  for  W.  L. 
Beale,  Esq.  The  installation  consists  of  an  8  h.p.  Priest- 
man's  oil  engine,  Crompton  dynamo,  and  53  E.P.S.  cells, 
with  about  120  incandescent  lamps,  and  shortly  the  current 
will  be  utilised  to  pump  water  for  the  house.  It  is  hardly 
necessary  to  say  that  the  light  gives  the  greatest  satisfaction. 
The  work  of  the  installation  was  carried  out  by  Mr,  W.  V. 
Scott,  under  the  instructions  of  Mr.  B.  R.  Beale,  of  Messrs. 
Crompton  and  Co.,  Limited. 

Electric  Snbways  in  Paris. — A  new  company  has 
been  formed  in  Paris  under  the  title  of  Society  Parisienne 
de  Force  et  d'Eclairage.    The  managing  director  of  the 
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dynamoa  of  a  total  capacity  of  425  ^owatte,  or  993-5  h.p. 
The  motiye  force  was  supplied  partly  by  steam  engines 
and  partly  by  gas-engines.  The  installations  have  been 
carried  oat  principally  by  the  firms  of  Krisik,  Waldek 
and  Wagner,  Siemens  and  Halske,  BrvLckner,  Boss,  Ganz 
and  Go.,  and  Deckert  and  Homolka.  Of  the  engines, 
229*6  h.p.,  or  23  per  cent,  are  gas-engines.  The  electric 
lighting  of  the  theatre,  recently  substituted  for  petroleum, 
comprises  four  dynamos,  of  a  total  capacity  of  116  kilo- 
watts. This  increases  the  number  of  incandescent  lamps 
by  1,576,  and  the  motive  power  by  190  h.p. 

**Th«  Blootropbonoseope/' — ^The  American  electrical 
Joumak  just  to  hand  are  (some  of  them)  making  very 
merry  over  the  discomfiture  of  a  large  part  of  the  daily 
press  and  one,  at  least,  of  our  electrical  press — ^not  to 
speak  of  the  French  papers — ^with  reference  to  that  huge 
scientific  joke  the  "electrophonoscope."  Those  that  don't 
make  merry,  of  course,  are  of  them  that  were  taken  in. 
Prof.  Hughes  naturally  expected  some  people  to  be  gulled, 
but  even  he,  in  his  enjoyment  of  the  scene  on  the  Post 
Office  Jubilee  nighty  hardly  appreciated  the  world-wide 
effect  of  his  harmless  playing  on  the  credulity  of  the  world 
with  regard  to  that  mysterious  and  powerful  nothing  we 
call  "  electricity,^  to  whose  account,  in  the  popular  mind, 
is  laid  aD  species  of  things — ^from  an  abdominal  pain  to  the 
supposed  hauntings  of  departed  spirits.  We  are  still,  from 
time  to  time,  asked  for  particukrs  of  this  wonderful  inven- 
tion, for  the  press  have  many  of  them  not  dared  to  retract. 
Those  who  still  wish  to  enlighten  their  friends  are  referred 
to  our  issue  of  July  4. 

Bleotrlo  Power  Rates. — ^We  have  always  maintained 
that  eventually  the  use  for  electric  current  will  be  greater 
for  the  distribution  of  power  than  even  for  light.  That 
this  is  likely  to  be  so^  the  extension  of  power  distribution 
in  America,  where  central  supply  stations  have  been  erected 
more  quickly  than  over  here,  is  practical  proof.  The  ex- 
tension of  the  motor  business  will  depend,  naturally,  largely 
upon  the  rates  of  supply,  and  it  is  interesting  to  note  the 
rates  which  have  recently  been  scheduled  by  the  Brush 
Company  of  Baltimore,  "  after  a  very  careful  considera- 
tion."   The  prices  are  to  range  practically  as  follows : 
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There  are  375  motors  at  present  at  work  in  Baltimore, 
representing  over  200  h.p.  of  daily  consumption  of  cur- 
rent. With  the  present  rates,  which  took  effect  on  July  1, 
a  laige  increase  in  motor  business  is  expected. 

Am  Oeld  or  Silver. — ^We  observe  that  the  president  of 
the  French  Gas  Society,  M.  de  Ireust,  is  reported  to  have 
said,  in  his  introductory  words  to  the  last  meeting,  that  on 
looking  around  the  great  exhibition  at  Paris  at  the  white 
electric  light  and  warm  yellow  gas  light,  he  felt  reminded 
of  silver  and  gold,  and  of  the  relative  value  of  these  and 
of  the  ratio  of  their  relative  dividends.  The  figure  of 
speech  is  a  pretty  one,  and  M.  de  Treust  is  welcome  to 
it  if  he  finds  it  consolatory  under  the  present  rate  of 
progress  of  the  white  light  over  the  "warm"  (we 
term  it  "  dingy '')  yellow  light  of  gas.  It  may  be  remarked, 
however,  in  this  connection,  contrary  to  what  was  at  first 
anticipated  by  electrical  engineers,  that  yellow — i.6.,  incan* 
descent-lamps  in  the  aggregate  do  pay  better  than  white  or 


arc  lamps ;  also  that  the  blue-white  light  of  the  arc,  as  it 
approximates  to  golden  by  the  adoption  of  the  vaselined 
carbon,  may  be  expected  to  yield  higher  dividends.  So 
that  the  pretty  figure  of  speech  holds  good,  we  may  say, 
among  the  "  illuminant  of  the  future,''  as  well  as  (for  the 
moment)  with  our  friend  the  warm  and  dingy  gas. 

Bleotsioity  firom  Tides, — ^A  correspondent  to  the 
daily  papers,  signing  himself  "  Tidal  Power,"  says :  ^'  I 
may  say  that  some  years  ago  I  made  a  large  number  of 
experiments  on  a  small  scale  to  see  if  it  was  not  possible  to 
invent  a  plan  by  which  the  rise  and  fall  of  the  tides  could 
be  used  to  drive  motors  continuously  during  the  24  hours. 
I  succeeded  beyond  my  expectations.  I  then  went  into 
the  cost  of  doing  this,  to  obtain  a  given  horse-power  as 
compared  with  steam-engines  and  boUers,  when  I  found 
that  the  prices  were  very  near  alike.  But  the  saving  ever 
after  in  favour  of  the  tidal  plan  would  be  very  great  For 
instance,  the  cost  of  looking  after  the  tidal  machinery 
would  be  but  trifling,  as  one  man  for  the  day  and  another 
for  the  night  would  be  sufficient  to  see  to  hundreds  of 
horse-power,  as  the  machinery  could  be  made  nearly  self- 
acting,  whilst  the  wear  and  tear  of  machinery  would  be 
very  moderate.  Compare  this  with  steam-engines  and 
boilers,  and  the  saving  will  be  found  to  be  very  great  year 
by  year.  There  are  hundreds  of  places  around  the  coasts 
of  the  United  Kingdom  and  on  tidal  rivers  where  this  plan 
could  be  carried  out,  and  the  power  obtained  could  be 
transmitted  to  long  distances  by  any  of  the  well-known 
means  used  for  such  purposes." 

BvlEBle  Bill  in  Berlin. — ^A  large  electric  lighting 
plant  has  been  put  down  almost  at  a  moment's  notice  for 
the  Bufialo  Bill  show  in  Berlin,  by  the  firm  of  Erf urth  and 
SeinelL  As  the  German  authorities  do  not  permit  of  the 
use  of  high-tension  alternating  currents  for  public  shows 
the  Bufialo  Bill  Wild  West  Company  was  obliged  to  leave 
its  own  removable  lighting  plant  at  Paris,  and  subsequently 
invited  tenders  for  the  electric  lighting  of  their  show 
(about  60,000  square  yards  area),  in  conformity  with  the 
very  severe  rules  established  by  the  German  authorities 
for  electric  lighting.  The  above-named  electrical  firm 
undertook  the  difficult  task  to  put  down  the  plant  according 
to  these  rules  within  eight  days ;  the  work  was  begun  on 
the  19th  of  July  and  was  successfully  finished  in  seven 
days  eight  and  a  half  hours.  It  consists  of  150  arc 
lamps,  with  reflectors,  of  1,500  c.p.  each,  suspended  from 
high  posts,  50  glow  lamps  of  25  c.p.  each,  and  a  search-light 
projector  of  45  amperes,  together  with  20,500  yards  of  wire 
and  cables  and  1,500  insulators  \  a  special  machine-house 
had  to  be  erected  for  four  boilers  of  25  h.p.  each,  and  four 
200-volt  dynamos.  The  plant  runs  to  the  highest  satis- 
faction of  the  Americans,  who  scarcely  thought  such  a 
rapid  work  possible  elsewhere  than  in  their  own  country. 

Ferraati  Mainsu — Those  who  are  curious  to  do  so, 
may  now  see  the  Ferranti  mains  being  laid  within  easy 
distance  of  the  City.  Some  few  hundred  yards  down  the 
Blackfriars-road  the  road  is  up  and  a  goodly  row  of  these 
Titans  among  mains  are  being  laid  side  by  side.  The  roadway 
is  taken  up  and  trenched  some  4ft.  deep,  and  in  this 
trough  eight  lines  or  four  pairs  of  mains,  in  flexible  steel 
pipes,  2in.  diameter,  are  run  along  the  ground.  The 
process  of  jointing  may  be  seen  in  operation.  Each  pair  of 
mains  is  then  boxed  within  tarred  wood  slips,  and  melted 
bitumen  poured  around  and  upon  them,  and  then  the 
gravel  and  soil  shovelled  in  on  top,  with  the  granite  setts 
laid  again  properly  for  the  roadway.    It  is  interesting  to 


TSE  ELECTRICAL  ENGINEER,  AUGUST  22,  1890. 


151 


watch  these  slender  tubes,  and  to  calculate  the  gigantic 
force  they  are  intended  to  distribute.  Suppose,  say,  100 
amperes  are  sent  along  one  main  at  10,000  volts,  this  is 
100,000  watts,  and  this  energy,  as  a  very  little  calculation 
will  show,  dividing  by  the  well-known  746  (watts  per  h.p.), 
give  somewhere  over  1,300  h.p.  to  be  sent  along  the  tube.  In 
a  short  while  the  line  will  be  along  Stamford-street  and  on 
to  Charing  Cross,  when  the  full  pressure  will  be  turned  on, 
though  a  part  only  of  the  installation  now  running  will  at 
first  be  supplied  by  the  underground  mains,  which  will  be 
put  into  use  gradually  and  one  after  the  other,  as  the  tests 
show  they  are  working  in  good  order. 

Overtlirow  of  the  OemiaA  Telephone  Monopoly. 

Until  lately  the  German  Post  Office  arrogated  to  itself  the 
sole  right  of  erecting  or  licensing  private  telephone  instal- 
lations, thus  prohibiting  the  development  of  a  most  con- 
venient means  of  communication  and  excluding  the 
legitimate  industry  from  a  branch  which  ought  to  be  its 
domain.  The  well-known  telephone  manufacturing  com- 
pany, Action  Gesellschaft  Mix  and  Gtenest,  Berh'n  (whose 
branch  in  London  is  the  International  Electric  Co.,  34, 
Aldermanbury,  E.G.),  determined  on  principle,  and  in  the 
interests  of  the  telephone  world  at  large,  to  try  the  point 
in  a  court  of  law.  To  this  effect  they  brought  an  action 
against  the  German  Government  (Reichsfiskus)  claiming 
that :  "  It  (the  German  Post  Office)  had  no  right  to  restrain 
or  prohibit  the  plaintiffs  to  erect  and  maintain  private 
telephone  installations  (a)  between  buildings  belonging  to 
the  same  landlord  but  situated  at  a  distance  from  each 
other  and  separated  by  property  of  other  landowners,  or 
by  public  roads  or  otherwise ;  (b)  between  property  belong- 
ing to  different  landlords — i,e,,  from  one  part  of  a  city  to 
another."  This  claim  was  decided  on  the  10th  July  in  the 
Boyal  High  Court  of  Justice  (Konigliches  Landgericht  I) 
of  Berlin,  entirely  in  favour  of  the  plaintiffs,  thus  putting 
an  end  to  a  state  of  things  which  has  lasted  too  long  to  the 
disadvantage  of  all  those  interested  in  this  daily  progressing 
industry. 

Frimary  Battery  U^htlnff. — We  have  received  an 
interesting  reply  to  our  enquiry  last  week,  as  to  electric 
lighting  by  means  of  primary  batteries,  from  Messrs.  A. 
Schanschieff  and  Co.  They  state  that  they  are  now 
supplying  batteries  arranged  for  single  lights  and  for  small 
installations,  and  they  give  some  particulars  of  the  employ- 
ment of  the  Schanschieff  batteries,  which  we  think  will  be 
interesting  to  our  readers.  They  are  at  present  fitting  the 
batteries  to  railway  carriages  on  the  Paris,  Lyons,  and 
Mediterranean  Bailway.  The  French  fire  brigade  are  now 
using  them,  as  also,  by  order  of  the  French  Government, 
are  the  powder  magazines  and  the  petroleum  vessels. 
Several  French  and  English  mines  have  adopted  the  lamps. 
The  Italian  Government  are  using  them  for  tent  lighting 
and  other  purposes,  and  the  Swedish  Government  for  their 
artillery.  The  new  Goubet  torpedo  boat,  recently  experi- 
mented upon  by  the  French  Government,  is  driven  by  this 
battery.  Besides  this  important  instance,  there  are  several 
motors  in  this  country  in  constant  use  driven  by  the 
Schanschieff  battery.  The  battery  is  very  simple,  and  is 
easily  recharged  by  any  person.  It  is  used  with  every 
success  for  the  purposes  named,  and  the  makers  state  they 
will  be  pleased  to  show  any  visitors  who  care  to  call  at 
their  works,  6,  Appold-street,  Finsbury,  batteries  of  all 
sizes  for  either  light  or  power.  We  are  glad  to  find  the 
Schanschieff  battery  asserting  itself  in  actual  practice  as 
these  facts  serve  to  show,  for  this  is  the  only  real  test  of  a 
battery,  and  its  success,  if  continued  in  these  directions. 


should  lead  to  its  mote  ektensiVe  adoption  fbr  small  work 
where  dynamo  currents  are  not  available. 

Telpherage  for  Ireland. — ^A  correspondent  in  Lon- 
donderry writes  to  us  with  reference  to  the  employment  of 
light  electric  railways  or  telpherage  in  Ireland — a  subject, 
it  may  be  remembered,  though  not  directly  referring  to 
electrical  systems,  that  has  seriously  occupied  the  attention 
of  the  present  Government  Our  correspondent  considers 
that  telpherage  lines  might  be  used  for  bringing  to  market 
from  the  remoter  districts  of  Donegal  parcels  of  farm  pro* 
duce  which  cannot  now  be  marketed  economically.  Whilst 
in  this  district  there  is  not  sufficient  traffic  to  support  even 
a  light  railway,  there  is  a  pressing  need  of  some  ready 
means  of  reaching  the  market,  especially  with  perishable 
goods ;  and  were  such  means  provided  an  enormous  impulse 
would  be  given  to  small  farming,  dairy  farming,  and  poultry 
raising,  and  other  occupations  of  the  peasantry.  The  mails, 
too,  which  are  now  carried  at  great  expense  by  horse-cars 
and  foot  messengers,  would  be  enormously  expedited ;  and 
it  is  probable,  thinks  our  correspondent,  that  a  subvention 
would  be  obtainable  from  the  Post  Office  in  aid  of  any 
proposed  telpherage  line  in  Donegal.  The  only  point  upon 
which  there  is  any  doubt  is  that  of  the  expense  in  working 
the  system ;  and  definite  information,  which  must  now  be 
at  the  service  of  electrical  engineers,  should  be  laid  before 
the  public.  The  employment  of  water  power,  of  which  in 
this  case  there  is  plenty,  would  tend  to  minimise  the  cost 
of  working.  We  shall  be  interested  to  see  if  this  enquiry 
for  a  case,  which  it  priori  seems  eminently  suitable  for  the 
enterprise,  will  result  in  the  establishment  of  telpherage 
lines  in  Ireland. 

The  Gordon  Closed  Conduit  Ssrstem. — ^Allusion 
has  been  made  once  or  twice  in  these  columns  to  a  new 
closed  conduit  system  for  electric  tramway  traction,  from 
which  great  things  are  expected — ^with  what  actual  promise 
we  are  hardly  in  position  as  yet  to  say,  as  the  trial  line  is 
not  yet  complete.  Mr.  Merry  weather,  of  the  fire-engine 
firm,  has  written  to  the  public  preas,  mentioning  the  fact 
that  a  line  is  being  constructed  at  their  works  at  Green- 
wich. The  system  in  question  is  the  invention  of  Mr.  John 
Gordon,  lately  the  manager  of  the  Swan  lamp  factory  in 
Germany,  but  who  for  the  last  eight  months  has  given  up 
his  whole  time  to  the  development  of  his  traction  idea.  We 
are  unable,  for  patent  right  reasons,  to  describe  the  system 
fuUy,  but  we  have  been  familiar  for  some  months  with  the 
design,  and  it  may  be  mentioned  it  is  an  ingenious  method 
of  charging  underground  conductors  by  means  of  a  special 
system  of  automatic  distributors,  situated  at  considerable 
distances  along  the  line,  the  construction  of  the  line  and 
conductor-rail  being  of  the  simplest  and  cheapest  descrip- 
tion.  The  system  has  been  taken  up  by  a  small  syndicate, 
consisting  of  City  financiers  and  the  gentlemen  named. 
The  system  is  simple,  certainly  ingenious,  and  undoubtedly 
novel ;  and  having  due  regard  to  the  enthusiasm  of  the 
energetic  inventor,  and  the  mechanical  skill  commanded  by 
the  syndicate,  we  should  fancy  it  ought  to  be  a  decided 
step  in  the  solution  61  the  electric  traction  problem  for 
towns.  We  believe  that  offers  are  already  in  negotiation 
for  the  instalhtion,  when  proved  workable,  of  the  system 
in  South  America,  the  closed  conduit  to  be  laid  through 
the  crowded  streets  in  the  town  (the  car  here  to  go  slowly 
and  pick  up  passengers)  connected  to  an  overhead  system 
outside  the  town  to  the  suburbs,  where  the  speed  might  be 
increased  up  to  20  miles  an  hour.  A  system  such  as  this 
would  prove  a  very  serious  rival  to  the  suburban  steam 
railways 
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DYNAMO  TESTING. 


The  subject  of  dynamo-electric  machineB  is  one  of  deep 
interest,  whether  looked  at  from  a  theoretical  or  practical 
point  of  view.  From  being  the  curiosity  of  1866  it  has 
developed,  until  in  1890  it  is  generally  recognised  as  one 
of  the  most  efficient  pieces  of  machinery  used  by  man, 
and  the  uses  to  which  it  has  been  applied  are  daily 
increasing. 

Under  these  circumstances  an  enquiry  into  the  principles 
and  methods  by  which  dynamos  are  tested  and  tneir 
efficiency  determined  will  be  both  useful  and  instructive. 

The  function  of  a  dynamo  is  well  known — ^viz.,  that  it  is 
a  machine  by  means  of  which  we  transform  mechanical 
energy  into  electrical  energy  by  means  of  the  rotation  of  a 
conductor  placed  in  a  magnetic  field  in  such  a  ix>sition  that 
during  its  rotation  the  number  of  magnetic  lines  of  force 
passing  through  it  is  altered. 

For  our  present  purpose  it  will  be  sufficient  to  consider 
only  continuous-current  machines,  as  the  variations  to  be 
made  in  these  methods  when  applied  to  alternate-current 
ones  are  best  considered  for  each  special  case. 

The  sources  of  loss  in  a  dynamo  are  mainly  the  following : 

1.  Friction  of  the  armature  spindle  in  its  bearings  : 

2.  The  resistance  of  the  air  to  the  rotation  of  the 
armature. 

3.  Energy  spent  in  overcoming  the  electrical  resistance 
of  the  field-magnet  coils. 

4.  Energy  spent  in  heating  the  armature  conductors. 

5.  Eddy  or  Foucault  currents  in  either  the  field-magnets, 
armature  core,  or  possiblv  the  armature  conductors. 

6.  Loss  due  to  the  leakage  of  magnetism. 

The  terms  electrical,  commercial,  and  mechanical  efficiency 
may  be  thus  explained : 

Elecirical  Efficiency. — ^The  ratio  of  useful  external  elec- 
trical work  done  to  the  total  amount  of  electrical  energy 
generated  by  the  machine.  This  varies  with  the  load  on  the 
machine ;  for  a  seriea-wound  dynamo  we  may  express  it 
thus : 

^2  Rrx  +  O2  Ea  +  Cj  Km 

where  Ksk  is  the  resistance  of  the  external  circuit,  B^  the 
resistance  of  the  armature,  and  Bnthe  resistance  of  the 
field-magnet  coils.  Always  supposing  we  do  not  allow  our 
armature  and  field-magnet  coils  to  get  so  hot  as  to  mate- 
rially alter  in  resistance ;  E^  and  Bm  remain  constants,  but 
the  energy  spent  upon  them  varies  not  directly  with  the 
load,  but  in  proportion  to  the  product  of  &»  and  Rk  (con- 
stants) into  the  square  of  the  amount  of  current  flowing, 
which  is  the  factor  usually  varying  with  the  load. 

Commercial  Efficiency, — ^The  ratio  of  useful  external  elec- 
trical work  done  to  the  total  amount  of  mechanical  energy 
imparted  to  the  djmamo.    This  also.varies  with  the  load. 

Medumkal  Efficiency, — ^The  factor  of  conversion  of  the 
machine  from  mecha.nical  energy  into  electrical  energy. 

It  will  be  noticed  that  in  comparing  the  efficiencies  of 
dynamos  it  is  necessary  to  take  into  account  all  the  condi- 
tions imder  which  that  efficiency  is  calculated ;  it  is  usual 
to  compare  tests  made  when  machines  are  working  at  full 
load,  as  then  they  are  under  their  most  favourable  condi- 
tions. ^ 

In  the  event  of  a  dynamo  suddenly  falling  off  in  output 
owing  to  failure  of  insulation,  it  is  easy  by  means  of  a  bat- 
tery and  detector  to  find  out  any  fault  due  to  this  cause, 
and  afterwards  to  localise  it  by  disconnecting  the  magnet 
coils  from  the  armature  and  testing  each  separately. 

The  resistance  of  the  field  magnets  may  be  tested,  if 
required,  with  a  Wheatstone  bridge,  Leclanch6  cell,  and 
galvanometer,  and  the  resistance  of  the  armature,  which, 
of  course,  is  very  low,  either  in  the  same  manner,  or  by 
allowing  a  current  to  flow  through  it  from  brush  to  brush, 
and  then  through  a  platinoid  resistance  placed  in  series 
with  it,  and  noting  with  a  voltmeter  the  fall  of  potential 
between  the  terminals  of  the  resistance,  and  also  between 
the  brushes  of  the  armature.  The  resistance  of  the 
platinoid  is  known ;  the  fall  of  potential,  or  E.M.F.,  is  also 


E 
known,  =  »  C ;  which  might,  if  preferred,  have  been  directly 

measured  with  an  ammeter.    The  fall  of  potential  between 

the  brushes  is  known,  ^  =  B,  which  is  what  we  require — 

0 

the  resistance  of  the  armature. 

The  insulation  resistance  of  the  dynamo  may  be  obtained 

by  comparing  the  deflections  on  a  high-resistance  galvano- 

metw,  obtained  first  through  the  galvanometer,  and,  say,  a 

resistance  of  a  megohm ;  and,  second,  testing  through  the 

galvanometer  and  insulation. 

Characteristic  Curves  are  extremely  useful  in  determining 
the  fitness  of  a  dynamo  for  any  special  work.  These — 
first  introduced  by  Dr.  Hopkinson,  in  a  paper  read  before 
the  Institution  of  Mechanical  Engineers  in  1879 — are  very 
instructive,  and  may  be  obtained  by  running  your  dynamo 
at  a  constant  speed,  varying  the  load,  and  noting  the 
current  and  E.M.F.  at  terminals  in  each  case.  Now,  plot 
out  on  squared  paper  the  currents  as  distances  along  a 
horizontal  line,  and,  using  the  same  scale,  the  E.M.F.  as 
distances  up  the  vertical  line,  drawn  from  the  point  of 
origin  of  the  previous  one.  It  is  usual  to  use  such  a  scale 
that  the  distance  on  the  vertical  line  representing  a  volt  is 
equal  to  the  distance  along  the  horizontol  one  representing 
one  ampere. 

For  a  series-wound  dynamo,  if  we  join  the  points  we  thus 
obtain,  we  get  a  curve  similar  to  that  marked  "  external " 
in  Fig.  1.  If  we  multiply  the  current  in  each  case  by  the 
internal  resistance  of  the  dynamo,  and  add  these  quantities 
to  the  spaces  representing  volts,  we  get  (k  new  curve  marked 
"  total,  which  represents  the  total  amount  of  electrical 
work  done  by  the  dynamo. 

Characteristic  Curves. 


A0O 


Amperes. 


Amperes. 


Fios.  1  AND  2. 


For  a  shunt- wound  machine  the  external  characteristic  is 
different,  as  shown  in  Fig.  2,  the  sudden  drop  in  KM.F. 
after  a  certain  current  is  taken  out  being  due  to  the  dimi- 
nution of  strength  of  the  magnetic  field  owing  to  the  smaller 
amount  of  current  flowing  through  the  shunt.  The  internal 
characteristic  of  a  shunt-wound  dynamo — i.e.,  the  charac- 
teristic when  no  external  current  is  being  used,  and  only 
the  magnetising  coils  are  in  circuit — ^is,  of  course,  similar  to 
that  of  a  series-wound  dynamo.  The  work  done  by  a 
dynamo  may  be  expressed  electrically  as  the  product  of 
E.M.F.  and  C — i.6.,  we  may  represent  it  as  the  area  of  a 
rectangle,  of  which  two  of  the  adjacent  sides  are  those  parts 
representing  KM.F.  and  current.  It  is  therefore  possible, 
as  pointed  out  by  Prof.  S.  P.  Thompson,  to  obtain  a 
number  of  points  which  would  be  the  corners  of  rectangles 
having  the  same  area,  and  to  draw  curves  joining  these 
points.  Bepresenting  volts  as  ordinates,  and  amperes  as 
abscissae,  the  area  0  E  ~  watts,  and  all  points  having  an 
area  of  746  may  be  taken  to  represent  1  h.p.  In  Figs. 
1  and  2  horso-power  lines  are  shown. 
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By  Ohm's  law  R  in  ohms=?:M:?!:ilZ?!*?. 

Oin  amperes 

Sine  of  angle  DAO-^. 


Cosine  of  angle  D  A  C  = 
Tangent  of  angle  D  A  G  = 


AC 
AD- 
DC 

da' 


sine 
cosine* 


Therefore,  taking  in  the  rect- 
angle, A  B  C  D,  the  line  A  B  t6 
represent  the  E.M.F.  in  volts, 
and  AC  to  represent  the  cur- 
rent in  amperes,  the  tangent  of 
the  angle  DAC  represents  the 
resistance  expressed  in  ohms. 

In  Fig.  1,  where  a  line  marked 
internal  is  shown,  it  is  easy  to 
calculate  the  internal  resistance 
of  the  machine,  for  the  tangent 
of  the   angle  gives  it  to  us  in 
ohms.  Thus,  knowing  the  charac- 
teristic curves  of  dynamos  enables  us  to  select  those  most 
suitable  for  any  work  we  may  have  to  do,  and  therefore  to 
work  them  under  the  most  economical  conditions. 

Previous  to  1885,  when  dynamos  were  tested,  transmis- 
sion dynamometers  were  employed  to  measure  the  power 
S*ven  to  the  machine.  Of  these  there  were  various  forms : 
at  designed  by  Mr.  F.  J.  Smith  being  very  ingenious. 
The  error  with  these  instruments  was  very  great,  reaching 
in  some  cases  up  to  3  per  cent,  of  the  amount  measured. 
Confidence  in  these  results  was,  of  course,  impossible. 


Flo.  3. 


Fia  4. 

In  November,  1886,  Dr.  Hopkinson  suggested,  and  in 
February,  1886,  showed  the  practicability  of  a  method  of 
testing  m  which  the  dynamometer  error  was  reduced  to  a 
minimum.  He  took  two  dynamos  of  the  same  size  and 
output,  coupled  their  shafts  rigidly  together,  and  so  con- 
nected them  electrically  that  one  machine  ran  as  a  dynamo, 
and  the  current  it  generated  ran  the  other  as  a  motor, 
which  in  its  turn  helped  to  drive  the  dynamo.  It  is  obvious 
that  if  all  the  current  generated  by  O,  Fig.  4,  is  passed 
through  M  (excepting  the  small  amounts  necessary  for  field 
excitation  in  the  two  cases),  and  all  the  work  done  by  the 
motor  is  to  help  to  drive  the  dynamo,  we  shall  only  have 
to  supply  just  sufficient  external  energy  to  balance  the  loss 
in  the  two  machines.  This  amount  was  measured  with  a 
dynamometer,  the  error,  owing  to  the  small  amount  of  power 
transmitted,  bears  such  a  small  ratio  to  the  total  power 
used  in  the  experiment  that  it  is  practically  negligible. 

Fig.  4  shows  the  form  of  Siemens  dynamometer  used  in 
the  tests.  Its  action  depends  on  the  fact  that  the  puU  on 
the  lower  part  of  a  belt  transmitting  power  is  proportional 
to  the  load.  The  belt  which  supplies  power  to  the  dynamos 
passes  between  the  pulleys,  G  C,  which  are  pivoted  on  the 
fulcrum,  F.    Any  pull  alterq  die  length  of  the  spring, 


Oj,  and  the  amount  of  lengthening  is  measured  upon  the 
scale,  8y  The  upper  pointer  is  adjusted  to  zero  before 
starting,  so  as  to  secure  similar  conditions. 

(To  h€  oanduded,) 


THE  BISTORT  OF  A  PBOVISIONAL  ORDER  FOR 
SUPPLY  OF  ELECTRICITT. 


Mr.  G.  Ofibr  sends  the  following  communication  to  the 
Times: 

"  Sir, — As  an  example  of  the  legislative  difficulties  in  the 
way  of  supplying  the  public  with  electricity  the  following 
statement  of  facts  wiU,  I  hope,  encourage  suggestions 
through  your  columns  for  relieving  the  new  industry  from 
the  impediments  under  which  it  suffers  from  the  application 
of  the  laws  relating  to  it. 

"My  company,  being  desirous  of  supplying  a  metro- 
politan subun)  with  electricity,  selected  as  a  suitable  area 
the  Crystal  Palace  and  the  residential  neighbourhood  which 
has  grown  up  around  it. 

"Our  first  obli^tion  was  to  give  notice  to  the  local 
authorities  of  our  intention  to  appty  to  the  Board  of  Trade 
for  the  grant  of  a  provisional  order,  and,  upon  consulting 
the  map,  we  found  that,  owing  to  the  peculiar  geographicsd 
position  of  the  district,  we  had  to  deal  with  the  Local 
Boards  of  Lewisham  and  Beckenham,  in  the  county  of 
Kent,  the  parishes  of  Camberwell  and  Lambeth,  and  the 
borough  of  Croydon,  all  in  the  county  of  Surrey,  besides 
the  London  County  Council,  having  jurisdiction  over 
an  area  called  tiie  county  of  London,  which  includes  Lewis- 
ham,  excludes  Beckenham,  includes  Camberwell  and  Lam- 
beth, but  excludes  Croydon,  the  Crystal  Palace  itself  being 
in  all  three  counties  (Kent,  Surrey,  and  the  county  of 
London),  and  the  borough  of  Croydon  reaching  to  within 
80ft  of  the  Crystal  Palace. 

"  On  July  1,  1889, 1  gave  notice  to  all  these  local  autho- 
rities in  accordance  with  rules  framed  by  the  Board  of 
Trade.  In  November  following  advertisements  had  to  be 
inserted  in  the  London  Oazette^  and  a  paper  circulating  in 
the  district  to  be  supplied  containing  a  general  description 
of  the  proposed  works,  area  of  supply,  names  of  streets  in, 
over,  or  alone  which  electric  lines  or  works  might  be  placed, 
and  many  ot£er  details,  and  on  or  before  the  30th  of  that 
month  a  copy  of  the  advertisement  and  map  had  to  be 
deposited  with  the  local  authorities  and  Board  of  Trade, 
ana  also  with  the  clerks  of  the  peace  for  each  county. 

"  On  the  21st  of  December  the  next  formality  was  com- 
plied with — Yiz.^  lodgine;  a  memorial  with  the  Board  of 
Trade  praying  for  the  grant  of  the  required  powers — and 
with  this  memorial  were  deposited  six  copies  of  a  draft  of 
the  proposed  provisional  order  in  detail,  a  formidable  docu- 
ment, covering  some  50  folio  pages  of  print.  Copies  of  this 
draft  were  sold  at  a  shop  within  the  area  of  supply  and  fur- 
nished to  all  the  local  authorities,  and  compliance  with 
aU  the  above  formalities  was  subsequently  proved  at  the 
Board  of  Trade. 

"  Thus  far  all  was  plain  sailing,  but  with  the  issue  of  the 
draft  order  came  objections  from  local  authorities,  the  local 
gas  company,  railway  com|)anies,  and  others,  and  my  com- 
pany was  occupied  for  several  weeks  in  negotiations  for 
meeting  the  oppositions  to  the  grant  of  the  onier.  In  one 
case  the  reasons  for  opposition  were  about  as  definite  as  the 
celebrated  lines  ^ 

"  *  I  do  not  like  thee,  Dr.  Fell, 
The  reason  why  I  cannot  telL' 

the  following  being  copy  of  the  notice  of  opposition,  sent 
to  the  Boara  of  Tnde,  with  which  we  had  to  deal : 

"*  Board  of  Trade,  Session  1890. 
"  *  Crystal  Palace  and  District  Electric  Lighting  (Provisional 

Order). 
" '  The  Lewisham  District  Board  of  Works  have  not  con- 
sented and  do  not  consent  to  the  grant  of  this  order. 
"  <  Dated  this  31st  d^of  January,  1890. 

"  <  Edward  Wright,  clerk  to  the  said  Board. 
"*  Dyson  and  Co.,  24,  Parliament-street,  Westminster, 

S.W.,  parliamentary  agents.' 

"  The  parish  of  Camberwell  alone  agreed  at  once  to  the 
order  being  grants    Lambeth  ultimately  assented  upon 
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the  inclusion  of  part  of  Uie  parish  in  the  area  to  be  supplied 
within  two  years,  but  all  the  other  authorities  opposed, 
with  the  main  object  of  obtaining  different  terms  for  pur- 
chasing the  undertaking  than  those  provided  for  by  the 
Electric  Lighting  Act  of  1882  as  amended  in  1888. 

"Section  4  of  the  Board  of  Trade  Proofs  requires 
evidence  that  the  consent  of  every  local  authority  has  been 
obtained  to  the  grant  of  the  order,  and  although  under  the 
Act  of  Parliament  the  Board  of  Trade  can  dispense  with 
such  consent  if  they  consider  that  it  is  unreasonably  with- 
held, no  such  power  was  exercised,  and  xny  company  was 
constrained  to  make  terms  with  Crovdon,  !Deckeima<n,  and 
Lewisham  (ultimately,  embodied  in  the  order  as  applicable 
to  all  the  local  authorities,  although  not  required  oy  Cam- 
berwell  or  Lambeth)  for  giving  them  the  option  of  pur- 
chasing the  undertaking  upon  certain  terms  within  tneir 
respective  districts  at  the  end  of  seven  and  within  15  years, 
instead  of  waiting  42  years,  as  prescribed  in  the  Act  of  1888. 

"  Having  at  last  settled  the  terms  of  the  provisional  order, 
it  was  granted  by  the  Board  of  Trade  subject  to  confirma- 
tion by  Parliament,  and  the  sequel  will  show  that  this  pro- 
viso was  not  a  mere  formality,  for  the  whole  of  our  work 
was  placed  in  ieopardy  by  the  action  of  the  London  County 
Council^  who  lodged  a  petition  against  it  in  the  House  of 
Commons,  notwithstanding  Uie  grant  of  the  order  having 
been  made  with  the  assent  of  every  local  authority  having 
any  actual  control  over  the  thoroughfares  in  the  ph>posea 
area  of  supply. 

"  To  contest  the  order  before  committees  of  both  Houses 
of  Parliament  at  the  end  of  July  or  beginning  of  August 
was  not  only  to  add  to  the  heavy  expenses  already  incurred, 
but  to  risk  not  getting  the  Biu  through  Parliament  this 
session  and  the  consequent  necessity  for  commencing  de  novo^ 
losing  another  year,  or  abandoning  the  enterprise.  We 
therefore  negotiated  terms  with  the  London  County  Council, 
and  they  ultimately  consented  to  withdraw  their  opposition 
upon  our  eliminating  that  part  of  Croydon  which  was 
included  in  the  area  of  supply,  thus  preventing  our  supply- 
ing the  houses  on  one  side  of  Westow-hill,  which  is  m 
Croydon,  while  able  to  supply  those  on  the  opposite  side  of 
the  road,  which  areinLamDeth,and  preventing  our  supplying 
houses  in  Croydon  which  arewithin  aboutlOOiLof  theCrystu 
Palace.  The  reason  originally  given  by  the  London  Cotmty 
Council  for  their  opposition  was  their  desire  to  limit  the 
undertaking  to  an  area  within  the  county  of  London,  but 
when  thev  agreed  to  the  inclusion  of  Beckenham,  which  is 
outside  the  new  county,  there  was  no  reason  why  they 
should  interfere  with  the  arrangements  made  with  the  Cor- 
poration of  Croydon. 

''  The  provisional  order  has  at  length  received  the  Soyal 
assent  and  is  now  an  Act  of  Parliament  after  more  than  13 
months  being  occupied  in  obtaining  power  to  supply  the 
residents  in  a  compact  district  who  may  desire  to  nave  the 
electric  light. 

"  Surely  some  modifications  in  the  law  are  necessarv  in 
order  to  save  the  waste  of  time  and  money  now  involved 
in  an  application  for  powers  to  disturb  In  a  very  slight 
degree  the  thoroughfares  through  which  it  is  required  to 
place  electric  conductors.  The  confirmation  by  Parliament 
of  arrangements  agreed  to  by  the  Board  of  Trade  in  con- 
sultation with  the  local  authorities  concerned  certainly 
might  be  dispensed  with.  This  would  shorten  the  time, 
prevent  vexatious  opposition,  and  save  some  expense  in 
promoting  the  new  mdustry,  which  has  quite  enough 
difficulties  to  contend  with  without  being  hampered  by  so 
much  legislation." 


ELECTRIC  TRACTION  At  SOUTHEND. 


Electrical  traction  in  this  country  is  making  slow  but 
sure  progress.  Electrical  engineers  were  handicapped  by 
the  fact  that  local  authorities,  as  a  rule,  opposed  the  use  of 
overhead  conductors,  which  have  contributed  so  greatly  to  the 
popularity  and  consequent  success  of  electrical  traction  in 
America  and  on  the  Continent  Engineers  on  this  side 
have  been  therefore  confined  to  the  development  of  under- 
ground systems  of  conductors,  or  to  the  use  of  accumulators 
carried  by  the  cars  themselves.  In  neither  of  the  latter 
two  cases  beu  sufficient  success  been  hitherto  attained  in 


England  to  sufficiently  attract  public  attention  to  the 
manifold  advantages  which  any  system  of  electrical  haulage 
presents. 

It  is  therefore  with  pleasure  that  we  notice  an  extremely 
successful  addition  to  tiie  few  electrical  tramways  now  being 
worked  ia  this  country.  The  Southend  Local  board,  which 
is  a  very  enterprising  public  body,  and  has  introduced  a 
large  number  of  local  improvements,  with  a  view  of  further 
popularising  the  already  rapidly  increasing  town  of  South- 
end, has  recently  constructed  a  new  iron  pier,  costing  about 
£80,000,  to  replace  the  old  wooden  pier,  which  was  itself 
one  of  the  most  remarkable  constructions  of  the  kind  in  the 
country,  being  a  mile  and  a  quarter  long,  and  fitted 
with  a  horse  tramway.  The  Boara  decided  to  replace  horse 
traction  on  the  new  pier  by  an  electric  tramway,  and,  after 
specifications  had  been  issued,  Messrs.  Crompton  secured 
the  contract  in  public  competition.  One  feature  of  this 
contract  was  the  speed  at  wmch  it  had  to  be  carried  out — 
namely,  that  a  portion  of  the  work,  amounting  to  three- 
quarters  of  a  mue,  fitted  with  an  electrical  tramcar,  with  all 
the  plant  as  well  as  the  Ughting  of  the  pier,  should  be  com- 
^etely  set  to  work  on  the  day  previous  to  the  August  Bank 
Holiday  in  order  that  the  Bans  Holiday  traffic  might  be 
secured  for  the  new  tramway.  This  onlv  gave  the  con- 
tractors six  weeks  in  which  to  lay  the  track  and  supply  all 
the  generating  machinery,  and  build  the  car,  motor,  etc. 
By  good  engmeering,  organisation,  and  a  willing  staff,  the 
contractors  were  fortunate  enough  to  succeed  in  carrying 
out  their  contract  one  day  withm  the  time,  and  it  can  be 
readily  understood  what  extreme  credit  is  due  to  everyone 
concerned,  particularly  to  Mr.  Chamen,  the  chief  of  their 
outdoor  staff,  and  to  Vbc,  Scott  Monerieff,  who  is  resident 
at  Southend,  for  the  extraordinary  rapidity  with  which  the 
work  has  been  carried  out  without  a  hitch  or  alteration  in 
the  original  design. 

The  generating  plant  consists  of  a  horizontal  compound 
engine  by  Davey-Faxman,  supplied  with  steam  by  a  boiler 
of  locomotive  type.  Both  are  extremely  favourable  exam- 
ples of  the  highly  economical  and  extremely  efficient  class 
of  steam-engine  that  this  well-known  firm  is  now  turning 
out  This  engine  drives  a  Crompton  compound  dynamo 
of  their  standard  type,  having  an  output  of  up  to  150 
ampores  by  200  volts  at  the  terminals,  and  having  a  com- 
mercial efficiency  exceeding  90  per  cent.  The  electrical 
energy  is  conducted  from  the  engine-room  by  insulated 
cables  carried  along  the  pier  to  the  commencement  of  the 
car  track,  and  from  thence  to  the  end  of  the  pier.  Messrs. 
Crompton  determined  to  use  their  stock  pattern  flat^rip 
copper  conductor  that  they  have  been  using  for  the  past 
four  years  in  the  streets  of  London,  the  whde  of  the  sup- 
ports, insulators,  and  straining  gear  being  taken  from  the 
stock,  and  identical  in  all  respects  with  those  they  have 
used  in  upwards  of  30  miles  of  streets  in  Belgiavia,  Ken- 
sington, and  Notting  Hill.  The  strip  used  in  wis  instance 
is  lin.  wide  by  *134in.  thick,  and  is  supported  at  intervals 
of  15  yards  by  vertical  insulators,  ana  strained  in  lengths 
of  85  yards  by  straining  gear  having  volute  springs  to 
compensate  for  expansion  due  to  differences  of  tempera- 
ture, the  insulators  in  both  cases  being  the  stock  pattern 
used  for  street  mains. 

The  track  consists  of  a  pair  of  vignoles  rails,  3ft  6in. 
gauge,  the  strip  conductor  being  laid  about  1ft  distant 
from  one  of  the  rails  and  lin.  below  the  level  of  the  rail 
tops.  The  rails  themselves  are  used  for  the  return.  The 
car  was  built  for  Messrs.  Crompton's  order  by  Messrs.  Kerr, 
Stuart,  and  Co.,  and  the  motor  is  a  stock  pattern  Crompton 
dynamo,  the  speed  being  reduced  as  3  to  1  by  simple  spur 
gearing.  The  motor  is  fixed  below  the  bottom  of  the  car, 
and  access  can  be  given  to  it  either  by  bringing  the  car 
over  the  pit  or  by  lifting  a  trap  in  the  flooring.  The  car  is 
driven  from  either  end,  and  the  means  of  regulation  are 
extremely  simple,  a  pair  of  handles,  one  for  reversing  and 
one  for  starting,  with  the  ordinary  brake  wheel  in  front  of 
the  driver,  being  all  that  is  required. 

The  maximum  speed  of  the  car  is  20  miles  an  hour,  but 
in  ordinary  running  the  speed  is  kept  down  to  about  12  to 
14  miles  an  hour,  so  that  the  journey  along  tiie  pier,  which 
used  to  occupy  previously  about  15  minutes,  is  now  per- 
formed in  three  to  four  minutes.  The  contact  apparatus 
for  taking  the  current  through  the  strip  consists  of  rubbing 
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shou  especially  designed  for  this  purpose  by  Mr.  GhameQ, 
and  which  appear  to  act  very  perfectly  and  without  appa- 
rently causing  any  wear  to  the  surface  of  the  copper  stnp. 
An  official  trial  was  made  by  Dr.  Hopkineon,  consulting 
engineer  to  the  Local  Board,  on  the  30th  of  July.     He 


On  Bank  Holiday  the  oar  was  overloaded  every  journey, 
and  the  takings  amounted  to  upwards  of  £40,  and  ever 
since  that  day  the  taldnga  have  been  heavy. 

It  is  evident  from  this  that  the  Southend  authoritiea  have 
made  a  good  investment  of  the  local  funds  in  introducing 


OnuDpton  Dynuno  for  gensntiiig  ooinQt 


expressed  himself  completely  satisfied  with  the  workman* 
like  manner  and  extreme  celerity  in  which  the  work  has 
been  carried  out,  and  the  membws  of  the  Local  Board  and 
the  townspeople  generally   have  over    and    over    again 


this  electrical  tramway.  The  horse-power  absorbed  in 
driving  a  loaded  cor  at  nill  speed  appears  to  be  remarkably 
small,  in  fact,  considerably  below  wnat  Mewrs.  Orompton 
estimated  it  would  be. 


-**-^.^n 


Csr  traTslliiig  at  16  milw  an  honr. 

expressed  their  extreme  satisfaction  with  the  tmezpectedly 
npid  completion  of  the  work  and  its  great  success.  The 
day  following  the  official  trial  the  car  was  handed  over  to 
the  Local  B(»rd  for  regular  running,  and  has  been  running 
ever  since  without  breakage  or  interruption  of  any  klDO- 


Bad  view  of  ott  tluw-qiuvter  mila  np  plw. 

1  as  the  pressure  of  public  traffic  of  this  season  it 
Orompton  hope  to  be  able  to  make  a  set  of 
experiments  t«  show  what  is  the  real  tractive  force  required 
on  this  class  of  electrical  railway,  and  intend  to  make  these 
results  public 
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UNION  IS  STRENGTH. 

One  of  the  earliest  recollections  of  a  schoolboy  is 
the  fable  of  the  old  farmer  and  his  sons.  Once  upon 
a  time — so  commence  all  fables — an  old  farmer  at 
the  point  of  death  called  his  sons  together,  and 
pointing  to  a  bundle  of  sticks  asked  them  in  turn 
to  break  the  bundle.  Of  course  the  feible  tells  us 
they  failed,  but  succeeded  when  the  sticks  were  taken 
out  of  the  bundle  and  acted  upon  separately.  The 
moral  of  the  feible  which  the  old  farmer  wished  by 
this  means  to  impress  upon  his  sons  is  given  in  the 
motto  at  the  head  of  this  article. 

Where,  however,  is  the  analogy  between  the  old 
farmer's  action  and  anjrthing  electrical  ?  Not  long 
since  a  syndicate  or  company  was  formed  to  see 
what  could  be  done,  legitimately  or  otherwise,  with 
the  claims  of  Lane  Fox  as  embodied  in  patents 
granted  in  1878.  Letters  cautioning  people  using 
certain  apparatus  have  been  sent  by  the  Lane  Eox 
Syndicate,  conveying  the  information  that  by  such 
use  patents  are  being  infringed,  and  unless  a  pecu- 
niary solatium  is  forthcoming  legal  proceedings  will  be 
commenced,  and  then — ^who  knows  ?  A  good  many 
wideawake  people  thought  and  think  the  move 
simply  a  game  of  brag — a  move,  however,  which 
might  have  turned  up  trumps,  but  which  seems 
destined  to  prove  abortive.  Men  have  become 
heartily  sick  of  electrical  litigation,  and  almost  prefer 
to  cave  in  to  threats  rather  than  to  fight  for  their 
rights,  or  rather  what  they  and  their  advisers 
honestly  believe  to  be  their  rights. 

Preferably  to  being  blackmailed,  a  combination 
has  been  started  whereby  any  action  commenced 
can  be  fought  to  the  bitter  end  with  the  least  trouble 
and  expense.    If  the  Lane  Fox  Syndicate's  conten- 
tion is  correct,  then  everyone  using  the  apparatus  or 
system  must  pay  a  royalty,  and  the  amount  of  the 
royalty  will  be  no  small  matter  to  an  industry  where 
competition  has  already  proved  so  keen  that  profits 
are  difficult  to  obtain.    If  the  opinions  of  Sir  F. 
Bramwell,  Mr.  Swinburne,  and  Mr.  Kapp,  as  men- 
tioned in  the  letter  given  elsewhere,  are  correct,  and 
these  opinions  are  emphatically  those  of  scores  of 
other  electrical  engineers,  the  pretensions  of  the 
Lane  Fox  Syndicate  are  as  invertebrate  as  they  can 
possibly  be.  The  combination  to  oppose  these  claims 
will  prevent  one  obvious  method  of  procedure.    The 
plan  of  attack  would  undoubtedly  have  been  to  have 
selected  the  weakest  opponent — ^by  weakest,  we  mean 
the  one  with  the  shortest  purse,  to  have  cowed  him 
by  legal  expenses,  and  have  got  a  small  royalty  firom 
him  rather  than  a  fight.    A  successful  outpost  affair 
of  this  kind  would  have  immensely  strengthened  the 
hands  of  the  syndicate,  and  proceeding  to  the  next 
weakest  the  claim  would  have  been  strengthened 
and  he  less  satisfied  to  stand  out  for  his  own  belief. 
Now  the  weakest  is  in  the  same  position  as  the 
strongest,  for  we  have  reason  to  believe  the  appeal 
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has  been  successfol,  and  that  a  strong  combination 
has  been  formed  to  protect  what  may  in  this  case 
midoubtedly  be  called  common  interests. 

The  probable  effect  of  the  combination  will  be  to 
materially  alter  the  proceedings  of  the  Lane  Fox 
Syndicate.    It  is  possible  that  nothing  more  will  be 
heard  of  claims  that  to  most  of  us  are  unsubstantial 
and  unsustainable.    Still  no  effort  should  be  spared 
to  perfect  the  combination,  for  the  result  of  a  patent 
action  is  not  to  be  foretold.    We  should  not  be  sur- 
prised to  find  a  patent  granted  for  a  combination 
of  a  box,  one  end  of  which  may  be  affixed  to  one  or 
more  wheels,  with  handles  placed  at  the  corners  of 
the  opposite  side,  while  the  four  lower  comers  are 
supported  by  four  legs,  nor  should  we  be  surprised  to 
find  this  claim  for  a  wheelbarrow  held  to  be  legal. 
In  the  majority  of  instances  a  patent  is  not  worth 
the  paper  it  is  printed  upon,  but  its  validity  is  un- 
questioned because  uncontested ;  in  other  instances 
patents  are  held  to  be  valid  which  contain  nothing 
new,  or  contain  some  combination  which  anyone 
would  use  if  requested  to  carry  out  certain  work. 
However,  the  value  of  a  patent  is  just  what  can  be 
got  out  of  it.  Bailing  against  the  method  of  granting 
patents,  or  the  uncertainty  of  the  law  concerning 
them,  does  no  good.    In  the  case  under  considera- 
tion the  "  cons  "  are  putting  themselves  in  a  position 
to  withstand  the  attack  of  the  *'  pros,"  and  our  sym- 
pathies being  altogether  in  fftvour  of  the  former,  as 
well  as  believing  them  to  be  altogether  in  the  right, 
we  welcome  the  combination  and  trust  it  will  have 
the  support  of  every  individual  and  firm  throughout 
the  industry. 


TROUBLES  OVER  ORDERS. 
Job,  we  are  informed,  was  a  patient  man,  but 
whether  his  patience  would  have  stood  the  test  of 
nK>dem  red-tapism,  coupled  with  officious  bumble- 
dom,  is  a  question  that  may  be  relegated  for  solution 
to  the  sphinx.  At  any  rate,  Mr.  G.  Offer's  letter  to 
the  Times,  given  elsewhere,  shows  that  the  troubles 
and  trials  of  those  who  desire  to  obtain  provisional 
orders  are  by  no  means  imaginary.  In  the  sweet 
by-and-by  we  shall  get  from  balance-sheets  the  cost 
of  these  labours,  and  no  doubt  many  men  will  be 
astonished  to  find  how  large  a  percentage  of  the  cost 
of  a  small  central  station  goes  to  fulfil  the  demands 
of  red-tape.  And  we  are  a  practical  nation !  Old 
womanish  legislation — ^which  Lord  Salisbury  tells  us 
our  ancestors  would  have  made  short  work  with,  and 
our  descendants  will  cavalierly  push  aside — seems 
now,  however,  to  be  most  fashionable.  You  may 
lay  your  mains  down  this  street,  and  you  may  supply 
current  to  that  side,  but  you  must  not  supply  cur- 
rent to  this  side,  because  the  immaculate  L.  C.  C. 
says,  Nay.  Surely  lawyers  have  the  making  of 
laws,  and  thereby  reserve  to  themselves  the  handling 
of  as  much  money  as  possiblci  for  ^  these  pompliances 


with  standing  orders,  negotiations  with  authorities, 
in  some  way  or  other  turn  to  the  profit  of  the 
lawyers.  Mr.  Offer  cannot  see  the  reason  of  the 
L.  G.  C.'s  opposition  under  the  drcTunstances  stated, 
but  he  forgets  that  opposition  is  generally  held  to  be 
unanswerable — ^to  those  not  on  the  side  of  the 
opposition.  Moral  and  advice :  Light  both  sides  of 
the  street  if  you  can  get  customers,  and  if  you  don't 
make  a  fass  about  it,  probably  the  L.  C.  C.  will  not 
trouble  itself. 


THE  crrr  ughtino. 

This  week  or  next  the  Boyal  assent  is  expected  to 
be  given  to  the  Bill  which  confirms  the  two  pro- 
visional orders  granted  by  the  Board  of  Trade  for 
the  electric  lighting  of  the  City  of  London.  This 
Bill,  introduced  first  in  the  House  of  Lords,  was, 
on  Friday  last,  passed  by  the  Unopposed  Bill  Com- 
mittee in  the  House  of  Commons.  It  confers  on 
the  Brush  Electrical  Engineering  Company  and  on 
the  Laing,  Wharton,  and  Down  Construction  Syndi- 
cate the  concession  to  publicly  light  a  large  portion 
of  the  City  of  London,  and  the  sole  right,  each  in  their 
district,  to  famish  current  for  private  lighting. 
Boughly  speaking,  the  eastern  district  of  the  City  is 
given  to  the  Laing-Wharton  Syndicate,  and  that  west 
of  Mansion  House  and  Moorgate-street  to  the  Brush 
Company.  The  Brush  Company  are  to  furnish  138 
public  arc  lamps  and  302  glow  lamps.  The  Laing- 
Wharton  Syndicate  fiimish  233  arc  lamps  and  307  glow 
lamps.  The  price  to  be  paid  to  these  companies  is  £26 
per  arc  lamp  and  £10  or  £5  each  glow  lamp  of  200  or 
100  watts  (say  60  and  30  c.p.)  respectively.  The 
work  is  to  be  commenced  within  nine  months  of  the 
19th  of  May— i.«.,  before  19th  Feb.,  1891— and  to  be 
carried  on  diligently  and  completed  within  21  calendar 
months  from  the  first-mentioned  date.  The  high- 
pressure  series  system  will  be  used  for  the  arc  lamps, 
and  high-pressure  alternate  currents  with  trans- 
formers for  the  private  lighting.  It  is  understood 
that  the  generating  stations  will  be  outside  the  City 
area. 


KEEPING  THE  BALL  ROLLING. 

Major  Flood  Page,  in  a  letter  to  yesterday's  Times, 
continues  the  crusade  against  the  multiplicity  of  fire 
rules.  He  points  out  that  there  are  33  offices,  and 
he  understands  that : 

(a)  Ten  offices  use  the  Phoenix  rules. 

(6)  Six       „       „     „  Institution  „ 

(c)  Ten     „      have  each  their  own  special  rules. 

(c2)  Seven  „      have  no  special  rules,  but  deal  with 
each  case  as  it  arises. 

Seven  of  the  above  offices  send  out  a  list  of  ques- 
tions which  must  be  answered  by  those  who  wish  to 
have  the  electric  light  in  their  houses. 

The  upshot  of  Major  Flood  Page's  communication 
is  to  suggest  the  general  use  of  the  Phoenix  rules. 
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especially  as  all  the  other  rales  are  more  or  less 
based  upon  these  rales,  differing  in  miDor  details, 
not  in  principle.  It  is  explained  that  rules  alone  are 
not  sufficient,  but,  in  addition,  there  must  be  rigid 
inspection.  It  will  be  Been  that  the  general  tendency 
of  this  letter  to  the  Times  accords  with  the  views 
that  have  been  expressed  in  these  columns,  and  we 
have  no  donbt  these  views  would  prevail  could  the 
personal  question  be  put  on  one  side  by  the  officials 
of  the  companies  in  the  minority. 


THE  EDINBURGH  EXHIBITION.— XIU. 


The  exhibit  of  the  Electrical  Engineering  Corporation, 
Limited,   includes    Statter  and  Brunton  conBtant-current 


magnets;  these  are  of  forged  "magnet  iron,"  and  are 
machined  all  over.  The  pole-pieces  are  of  cast  iron  of 
ample  section,  aad  the  joint  between  the  wrought  and  cast 
iron  IB  very  carefully  fitted. 

The  insulation  resistance  of  these  machines  is  very  high, 
usually  about  10  megohms  for  the  whole  machine,  andia 
obtained  by  the  employment  of  mica.  It  is,  therefore,  a 
permanently  high  magnetic  resistance,  and  does  not  depend 
upon  paper  soaked  with  shellac,  which,  though  giving  a 
very  high  insulation  when  dry,  readily  absorbs  moisture, 
and  BO  loses  its  insulating  properties. 

The  armature  is  built  of  Swedish  charcoal  sheet,  and  is 
well  ventilated  ;  the  winding  is  driven  directly  from  the 
spindle  and  very  firmly  held  in  order  to  withstand  the 
sudden  alterations  of  load  which  tahes  place  in  these 
machines  when  used  for  traction  purposes.  In  working, 
these  machines  run  without  heating,  and  the  current  is 
maintained  at  constant  value  with  great  accuracy. 

Sir  Frederick  Bramwell,  in  his  report  on  the  Northfleet 
Tramways,  states  of  this  firm's  constant-current  generator : 


dynamo  (Fig.  1)  as  supplied  for  driving  tramways  in  the  1  "  The  dynamo  is  self-adjusting  in  its  maintenance  of  a  con- 
Via    Flaminia,  at  Bome.    This    machine  is  fitted    with  |  atant  current.     It  is  extremely  interesting  to  wat«h  the 


Statter  and  Brunton's  patent  automatic  regulator,  and 
maintains  a  constant  current  of  60  amperes  with  a  maxi- 
mum pressure  of  750  volts  at  760  revolutiona.  It  will  be 
seen  from  Fig.  1  that  the  machine  has  donble-circnit  field- 


sensitiveness  of  'this  apparatus,  and  the  mannet  in  which  it 
even  forestalla'  the  action  of  tiie  engine  governor  (a  sensi- 
tive high-Bpe^  governor).  There  are  also  two  self-regu- 
lating series  xaotors.    These  are  of  the  tame  type  as  Uie 
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generator  shown  in  Fig.  1,  and  these  are  provided  with 
patent  r^^ulators  wherein  ^e  movement  of  the  Ibnishes  is 
controlled  by  the  action  of  a  sendtive  centrifugal  governor. 


It  is  in  this  manner  that  great  aenritivenesB  is  obtained. 
The  Statt«r-Brunton  self-regulating  gear  has  been  des- 
cribed in  these  columns  before,  but  it  has  been  perfected  in 


In  all  i^eneratora  and  motors  made  on  this  system  the  [  constructional  details  and  made  more  compact.  It  can  now 
meebaiusm  for  regulating  the  current  is  enclosed  in  a  small  be  adjusted  in  a  few  momenta  for  a  machine  running  in 
cast-iron  oil  baUi  attached  to  the  commutator  end-bearings,  |  either  direction.     All  working  parts  have  been  made  amply 


and  neither  the  solenoid  in  the  case  of  the  generator,  nor 
the  centrifogalgovamor  in  the  case  of  the  motor,  Siie  required 
bo  exert  any  sensible)  amount  of  force.  They  merely  deter- 
mine the  engagement  of  one  or  other  of  the  driving  pawls. 


strong,  and  as  they  work  in  oil  there  to  pnutieally  no  wear 
and  tear  at  all. 

The  corporation  make  these  generators  in  nine  standard 
sizes,  ranging  from  five  kilovatts  up  to  80  kHowatitB,  and  K 
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correepondiDg  series  of  conBtsnt-Giirreiit  motors,  ranging 
from  4)  h.p.  up  to  110  h.pv 

The  conatant-ciureDt  generator  is  also  employed  for 
driving  arc  lights  in  series,  and  for  this  purpose  standard 
sizes  are  made  capable  of  maintaining  from  six  arc  lamps 
in  the  smallest  size  up  to  120  in  the  hurgest,  of  2,000  c.p. 

This  corporation  show  their  constant-current  motors 
applied  b>  a  hoist.  The  adaptability  of  their  constant 
BTstom  is  well  illustrated  by  this  application.  The  hoist 
uiown  is  capable  of  lifting  one  ton  at  a  speed  of  100ft.  per 
minute.  The  regulation  of  the  motor  is  by  hand,  and  the 
motion  of  starting,  stopping,  and  reversing  ia  performed  by 
the  movement  of  a  single  lever  and  is  effected  with  great 
ease ;  the  current  is  never  switched  off  the  machine  during 
worl^ng,  but  after  the  hoist  is  done  with  the  brushes  are 
placed  at  right  angles  to  the  neutral  point,  the  motor  then 
cornea  to  rest  and  absorbs  only  the  volts  due  to  its  resist- 
ance ;  it  is  then  switched  out  of  the  circuit.  Heavy  spark- 
ing at  the  switches — inherent  to  all  parallel  systems  of 
power  distribution — is  entirely  avoided,  and  is  one  of  the 
many  advantages  of  the  system.  The  hoist  is  wound  for 
a  constant  current  of  50  amperes,  and  about  200  volts  when 
fully  loaded. 


made  by  the  corporation ;  the  cylinder  diameter  is  3ia.  and 
the  stroke  4in. ;  the  whole  set  goes  in  a  small  space. 

Fig.  4  shows  the  standsrd  type  of  dynamo  manufactured 
by  the  corporation  for  all  sizes  beyond  four  kilowatts,  and 
f'le.  5  shows  the  type  for  all  sizes  up  to  four  kilowatts. 

The  dynamo  of  the  larger  type  exhibited  at  the  corpora- 
tion's stand  has  an  output  of  240  amperes  at  120  volts  ;  the 
field-magnets  are  made  entirely  of  soft  wrought  iron,  well 
annealed,  and  the  armature  of  the  softest  Swedish  charcoal 
iron.  The  corporation  make  these  machines  for  voltages 
up  to  250  in  three  standard  sizes,  ranging  from  six  kilo- 
watts up  to  77  kilowatts,  and  they  are  described  in  their 
catalogue  as  type  B  dynamos.  The  smaller  machines  made 
to  the  design  shown  in  Fig.  6  are  in  three  standard  sizes, 
and  are  described  as  type  A  dynamos.  The  armature  of 
the  B  mainlines  are  of  the  drum  type,  and  of  the  A  machines 
cylinder  type. 

Fig.  6  shows  a  geared  motor,  supplied  by  the  corpora- 
tion, and  has  a  self-contained  countershaft ;  the  power  may 
be  taken  off  it  by  means  of  belt,  ropea,  or  pitch  chain,  at  a 
low  speed. 

TiiSLA'S  NEW  ALTERNATING  MOTORS. 

ne  time  past  Mr.  Nikola  Tesla,  whose  previous 
Iternating-current  motors  is  well  known,  has  beea  I 
ipon  the  study  of  these  machines  in  order  to  de-  j 
;ient  methods  for  operating  them  on  two  wires 
[  three,  and  still  without  the  use  of  a  commutator, 
neral  principle  upon  wiiich  these  machines  are  de- 
based on  the  well-known  fact  that  if  a  magnetic 


The  exhibit  also  includes  a  high;«peed  engine  with  auto- 
matic expansion  governor  (Turner-mirtnell's  patent).  The 
governor  is  keyed  directly  on  to  the  crankshaft,  and  is 
shown  in  Fig.  2.  It  acts  directly  in  the  cut-off  of  the 
valve,  and  while  controlling  the  speed  of  the  engine  admir- 
ably gives  excellent  result  in  point  of  economy  in  steam 
consumption.  The  engine  is  simple,  since  the  available 
boiler  pressure  at  the  exhibition  is  low.  The'corporation 
make  tandem  compound  engines  of  similar  design,  with  an 
improved  piston  ^ve,  and  would  have  preferred  to  exhibit 
one  of  these  engines  had  the  steam  pressure  supplied  by  the 
executive  of  the  exhibition  been  higher.  Both  simple  and 
compound  engines  are  made  in  eight  standard  sizes. 

A  2  h.p.  nominal  Atkinson  gas-engine,  combined  with  a 
4&  light  compound-wound  dynamo,  is  also  shown,  and  used 
to  drive  some  Statter  arc  lamps  in  parallel ;  the  aet  forms 
a  very  compact  plant  for  lighting  private  houses,  and  will 
be  Bpeciallv  userul  where  space  is  bmited. 

This  exhibit  also  includes  a  SOin.  projector  made  in 
accordance  with  the  Admiralty  specification.  It  is  beauti- 
fully Gniahed  in  every  detail,  ana  furnished  with  signalling 
gear  and  wiUi  Statter  and  Brunton's  patent  diverging 
gear. 

From  their  office  at  the  exhibition  the  corporation  have 
carried  out  the  l^hting  of  the  yacht  "  Katoomba,"  belong- 
ing to  Kenneth  M.  Clark,  Esq.  Fig.  3  shows  the  set  sup- 
plied for  generating  the  current ;  the  dynamo  is  compound 
wound,  and  ^ves  60  volts  and  18  amperes  at  1,100  revolu- 
tions j  the  engine  of  the  smaUest  of  the  standard   sizes 


Fio.  b, 

core,  even  if  laminated,  be  wound  with  a  coil  and  a  car- 
rent  be  sent  through,  the  magnetisation  of  the  entire  core 
does  not  immediately  ensue,  the  magnetising  effect  not  be- 
ing exhibited  in  all  parts  simultaneously.  This  Mr.  Tesla 
attributes  to  the  fact  that  the  action  of  the  current  ia  to 
energise  first  those  laminfe  or  parts  of  the  core  nearest  the 
surface  and  adjacent  to  the  exciting  coil,  and  from  thence 
the  action  progresses  towards  the  interior.  A  certain  in- 
terval of  time,  therefore,  elapses  between  the  manifestation 
of  magnetism  in  the  extern^  and  the  internal  sections  or 
layers  of  the  core. 

If  the  core  be  thin  or  of  small  mass  this  effect  may  be 
inappreciable,  but  in  the  case  of  a  thick  core,  or  even  of  a 
comparatively  thin  one,  if  the  number  of  alternation  be  very 
great,  the  time  interval  occurring  between  the  manifesta- 
tions of  magnetism  in  the  interior  of  the  core  and  in  those  ; 
parts  adjacent  to  the  coil  is  mors  marked,  and  in  the  con- 
struction of  such  apparatus  as  motors  which  are  desigaod 
to  be  nin  by  alternating  currents,  Mr.  Tesla  has  found  it : 
desirable,  and  even  necessary,  to  give  due  consideration  to 
this  phenomenon  and  to  make  special  provistona  in  order  to 
obviate  its  consequences. 

On  the  other  hand,  by  taking  advantage  of  this  very  ac- 
tion or  effect,  and  by  rendering  it  more  pronounced,  Mr. 
Tesla  utilises  it  in  the  operation  of  motors  in  general.  This 
he  effects  by  constructing  a  field  in  which  the  parts  of  the 
core  that  exhibit  at  different  intervals  of  time  the  mag- 
netic effect  imparted  to  them  by  alternating  currents  in  an 
energising  coil  are  so  placed  with  relation  to  a. rotating 
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armature  as  to  exert  thereon  their  attractive  effeet  succes- 
sively  in  the  order  of  their  magnetisation.  By  this  means 
there  is  secured  a  result  similar  to  that  which  Mr.  Tesia 
has  heretofore  attained  in  the  previous  types  of  his  motor, 
in  which  hy  means  of  one  or  more  alternating  currents  he 
produces  a  rotation  or  progression  of  the  magnetic  poles  or 
points  of  maximum  attraction  of  the  field  of  force. 

The  general  principle  involved  in  the  action  above  men- 
tioned is  illustrated  in  the  simple  motor  shown  in  Fig.  1. 
Here  X  represents  a  large  iron  core  composed  of  a  number 
of  sheets  or  laminaa  of  soft  iron  or  steel.  Surrounding  this 
core  is  9,  coil,  Y,  which  is  connected  with  a  source,  £,  of 
rapidly  varying  currents. 

Let  us  consider  now  the  magnetic  conditions  existing  in 
this  core  at  any  point,  as  b,  at  or  near  the  centre,  and  any 
other  point,  as  a,  nearer  the  surface.  According  to  Mr. 
Tesla,  when  a  current  impulse  is  started  in  the  magnetising 
coil,  Y,  the  section  at  a,  being  close  to  the  coil,  is  im- 
mediately energised,  while  the  section  at  5,  which,  to 
use    a   convenient  expression,   is   ''protected"   by    the 


\ 


intervening  sections  or  layers  between  a  and  &,  does  not 
at  once  exhibit  its  magnetism.  However,  as  the  magneti- 
sation of  a  increases  b  becomes  also  affected,  reaching 
finally  its  maximum  strength  some  time  later  than  a. 
Upon  the  weakening  of  the  current  the  magnetisation  of  a 
Brst  diminishes,  whue  b  still  exhibits  its  maximum  strength, 
but  the  continued  weakening  of  a  is  attended  by  a  subse- 
quent weakening  of  b.  Assuming  the  current  to  be  an 
^tematiug  one,  a  will  now  be  reversed,  while  6  still  con- 
tinues of  the  polarity  first  imparted.  This  action  continues, 
the  magnetic  condition  of  b  following  that  ci  a  in  the  man- 
ner above  described. 

If  an^armature,  for  instance,  a  simple  disc  mounted  to 
rotate  freely  on  an  axis,  be  brought  into  proximity  to  the 
core,  a  movement  of  rotation  will  be  imparted  to  the  disc, 
the  direction  depending  upon  its  position  relatively  to  the 
core,  the  tendency  being  to  turn  the  position  of  the  disc 
nearest  to  the  core  from  a  to  i,  as  indicated  in  Fig  I. 

This  a(^on  or  principle  of  operation  has  been  embodied 
in  a  practical  form  of  motor,  which  is  illustrated  in  Fig.  2. 


Fig.  2. 

Here  A  represents  a  circular  frame  of  iron,  from  diametri- 
cally opposite  points  of  the  interior  of  which  the  cores 
project. 

Each  core  is  composed  of  three  main  parts,  B  B  and  C, 
and  they  are  similarly  made  with  a  straight  portion,  0, 
around  which  the  energising  coil  is  wound,  a  curved  arm  or 
extension,  c,  and  an  inwardly  projecting  pole,  d. 

Each  core  is  made  of  two  parts,  B  JB,  with  their  polar 
extensions  reaching  in  one  direction  and  a  part,  C,  between 
the  other  two  and  with  its  polar  extension  reaching  in  the 
opposite  direction.  These  cores  are  wound  with  coils,  D, 
wluch  are  connected  in  the  same  circuit  either  in  parallel 
or  series  and  supplied  with  an  alternating  current  by  a 
generator,  E,  represented  diagraiLmatically.  Between  the 
cores  or  their  polar  extensions  is  mounted  an  armature,  F 
M^ound  with  magnetising  coils,  G,  that  are  closed  upon  them 


selves,  similar  to  those  in  the  older  types  of  Mr.  Tesla's 
motors. 

The  operation  of  the  motor  is  as  follows  :  When  a  cur- 
rent impulse  or  alternation  is  sent  through  the  coils,  D,  the 
sections,  B  B,  of  the  cores  being  on  the  surface,  and  in  close 
proximity  to  the  coils,  are  immediately  energised.  The 
sections  G,  on  the  other  hand,  are  protected  from  the  mag- 
netising influence  of  the  coil  by  the  interposed  layers  of 
iron,  B  B.  As  the  magnetism  of  B  B  increases,  however, 
the  sections  0  are  also  energised,  but  they  do  not  attain 
their  maximum  strength  until  a  certain  time  subsequent  to  the 
exhibition  by  the  sections  B  B  of  their  maximum.  Upon 
the  weakening  of  the  current  the  magnetic  strength  of  B  B 


Fio  3.        • 

first  diminishes  while  the  sections  C  have  still  their  maxi- 
mum strength ;  but  as  B  B  continue  to  weaken,  the  interior 
sections  are  similarly  weakened.  B  B  may  then  begin  to 
exhibit  an  opposite  polarity,  which  is  followed  later  by  a 
similar  change  on  C,  and  this  action  continues.  B  B  and  C 
may,  therefore,  be  considered  as  separate  field-magnets, 
being  extended  so  as  to  act  on  the  armature  in  the  most 
efficient  positions,  and  the  effect  is  similar  to  that  in  Mr. 
Tosla's  other  foims  of  motor — viz.,  a  rotation  or  progres- 
sion of  the  maximum  points  of  the  field  of  force.  Any 
armature,  such,  for  instance,  as  a  disc  mounted  in  this 
field,  would  rotate  from  the  pole  first,  to  exhibit  its 
magnetism  to  that  which  exhibits  it  later.     In  follow 


Fio.  4. 

ing  out  the  ideas  stated  above,  Mr.  Tesla  has  applied 
them  to  a  class  of  motors  in  which  two  or  more  sets 
of  energising  magnets  are  employed  and  in  which  by 
artificial  means  a  certain  interval  of  time  is  made  to  elapse 
between  the  respective  maximum  or  minimum  periods  of 
their  magnetic  attraction  or  effect.  This  has  already  been 
applied  to  the  operation  of  Mr.  Tesla's  three-wire  motors. 
In  the  present  instance  Mr.  Tesla  employs  a  motor  with 
two  sets  of  energising  or  field-magnets,  each  wound  with 
coils  connected  with  a  source  of  alternating  currents,  but 
forming  two  separate  paths  or  circuits.  The  magnets  of 
one  set  are  protected  to  a  certain  extent  from  the  enerdsing 
action  of  the  current  by  means  of  a  magnetic  shield  or 
screen  of  laminated  iron  interposed  between  the  magnet 
and  ite  enereising  coiL 
The  shiela  is  properly  ada  ted  to  the  conditions  of  par 
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tioular  casw  so  u  to  ahield  or  protect  the  main  core  from 
nugnetiiBaUoii  until  it  has  become  itself  Baturated,  and  no 
longer  capable  of  oontaining  aJl  the  lines  of  force  produced 
by  the  cnirent.  By  this  means  it  will  be  seen  that  the 
energising  action  begins  in  the  protected  sot  of  magnets,  a 
certam  amtrarily-determined  period  of  time  later  than  in 
the  other,  and  Uiat  by  this  means  a  practically  economical 
difference  of  magnetic  phase  may  readily  be  secured. 

The  nature  and  operation  of  this  motor  will  be  readily 
understood  by  reference  to  the  accompanying  illustration. 
The  engravin^Fig.  4,  shows  the  simplest  form  of  this  type 
of  machine.  The  cores  B  form  one  set  of  magnets,  and 
are  energised  by  coils  D,  while  the  cores  C,  forming  the 
other  set,  are  energised  by  coils  E,  and  the  coils  are  con- 
nected in  series  with  one  another,  in  two  derived  or 
branched  circuits,  F  O,  respectively.  Each  coil  E,  it  will 
be  noted,  is  surrounded  by  a  magnetic  shield,  H,  which  is 
composed  of  an  annealed  insulated  or  oxidised  iron  wire 
wound  on  the  coils  in  the  manner  indicated,  so  as  to  form 
a  closed  magnetic  circuit  around  the  coils,  and  between  the 
same  and  the  magnetic  cores  C.  Between  the  pole-pieces 
or  cores,  B  C,  is  mounted  the  armature  of  the  closed  circuit 
coil  type. 

Hie  operation  resulting  from  this  arrangement  is  as 
follows ;  If  a  current  impulBe  be  directed  through  the  two 
circuits  of  the  motor,  it  will  quickly  enei^se  the  cores  B, 
but  not  so  the  cores  C,  for  the  reason  that  in  passing 
through  the  coils  £  tdiere  is  encountered  the  influence  o1 
die  closed  magnetic  circuits  formed  by  the  shields,  H.   The 
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first  effect  is  to  effectively  retard  the  current  impulse  in 
circuit  G,  while  at  the  same  time  the  proportion  of  current 
which  does  pass  does  not  magnetise  the  cores  C,  which  are 
shielded  or  screened  by  the  shields,  H. 

Ajb  the  increasing  E.M.F.  then  urges  more  current 
through  the  coils  E,  the  iron  wire,  H,  becomes  magneti- 
cally saturated  and  incapable  of  carrying  all  the  lines  of 
force,  and  hence  ceases  to  protect  the  cores  C,  which 
become  magnetised,  developing  their  maximum  effect  after 
an  interval  of  time  subsequent  to  the  similar  manifestation 
of  strength  in  the  othsr  set  of  magnets,  the  extent  of  which 
may  be  arbitrarily  determined  by  the  thickness  of  the 
sUeld,  H,  and  other  well-known  conditions. 

From  the  above  it  will  be  a^n  that  the  apparatus  or 
device  acts  in  two  ways.  First,  by  retarding  the  current, 
and  second  by  retarding  the  magnetisation  of  one  set  of 
cores,  from  whii^  ite  effectiveness  will  readUy  be  seen. 

Many  modiScations  of  the  principle  here  embodied  have 
been  made  by  Mr.  Tesla,  one  only  more  of  which  we  may 
notice  here.  This  is  illustrated  in  Fig.  5,  and  is  similar  in 
all  respects  to  that  above  described,  except  that  the  iron 
wire,  H,  which  is  wrapped  around  the  coils  E  is  in  this 
case  connected  in  series  with  the  coils  D.  The  iron  wire 
coils  are  connected  and  wound  so  as  to  have  little  or  no 
self-induction,  and  being  added  to  the  resistance  of  the 
drcoit  F,  the  action  of  uie  current  in  that  circuit  will  be 
accelerated,  whOe  in  the  other  circuit,  Q,  it  will  be  retarded. 

Still  another  type  of  motor,  construeted  by  Mr.  Tesla 
is  one  with  a  field-magnet  having  two  sets  of  poles  or 
inwardly  projecting  cores,  and  plaiwd  side  by  side  so  as 
[KWttioslly  to  form  two  fields  of  force,  and  alternately 


arranged — that  is  to  say,  with  the  poles  of  one  set  or  field 
opposite  the  spaces  between  the  otner.  The  free  ends  of 
one  set  of  poles  are  then  connected  by  means  of  laminated 
iron  bands  or  bridge-pieces  of  considerably  smaller  cross- 
section  than  the  cores  themselves,  so  that  the  cores  all  form 
parts  of  complete  magnetic  circuits. 

When  the  coils  on  each  set  of  magnets  are  connected  in 
multiple  circuits  from  an  alternating  machine  KM.F.'s  are 
set  up  in  each  circuit  simultaneously,  but  the  coils  on  the 
magnetically  bridged  or  shunted  cores  will  have,  by  reason 
of  the  closed  magnetic  circuits,  a  high  self-induction  which 
retards  the  current,  permitting  at  the  beginning  of  each 
impulse  but  little  current  to  pass.  On  the  other  hand,  no 
such  opposition  being  encountered  in  the  other  set  of  coils, 
the  current  passes  freely  through  them,  magnetising  the 
poles  on  which  they  are  wound. 

As  soon,  however,  as  the  laminated  bridges  become 
saturated  and  incapable  of  carrying  all  the  lines  of  force 
which  the  rising  E.M.F.,  and  consequently  increased 
current,  produce,  free  poles  are  developed  at  the  ends  of 
the  cores,  which,  acting  in  conjunction  with  the  others,  in^ 
duce  rotetion  of  the  armature.  The  construction  by  which 
this  is  accomplished  is  shown  in  the  accompanying  engrav- 
ings, Figs.  6  and  7. 

The  frame  of  the  motor.  A,  is  built  up  of  sheets  of  iron 
punched  out  to  the  desired  shape  and  bolted  together  with 
insulation  between  the  sheets.  When  complete  the  frame 
makes  a  fidd  magnet  with  inwardly  projecting  pole-piecee, 
B  and  C.  To  ackpt  them  to  the  requiramente  of  this  par- 
ticular case,  these  pole-pieces  are  out  of  line  with  one 
another,  those  marked  B  surrounding  one  end  oE  the  arma- 
ture, and  the  others,  C,  the  opposite  end,  and  they  are 
arranged  alternately — that  is  to  say,  the  pole-pieces  of  one 
are  set  in  line  with  the  spaces  between  those  of  the  other 
seta.    The  pole-pieces,  C,  are   connected  or  shunted  by 
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bridge-pieces,  E.  The  coils,  F  and  G,  are  connected  in 
series,  respectively,  in  two  circuits  which  are  branches  of  a 
circuit  from  an  alternating  msicbiae,  and  they  are  so  wound 
that  the  circuit  of  coils  G  will  have  a  higher  self-induction 
than  the  other  circuit  or  branch. 

The  function  of  the  shunts  or  bridges,  E,  is  that  they 
shall  form  with  the  cores,  G,  a  closed  magnetic  circuit  for  a 
current  up  to  a  predetermined  strength,  so  that  when 
saturated  by  such  current  and  unable  to  carry  more  lines 
of  force  than  such  a  current  produces,  they  will,  to  no 
further  appreciable  extent,  interfere  with  the  development 
by  a  stronger  current  of  free  mimetic  poles  at  the  ends  of 
the  cores,  C. 

In  such  a  motor  the  current  is  so  retarded  in  the  coils  O, 
and  the  manifestation  of  the  free  magnetism  in  the  poles  C, 
is  delayed  beyond  the  periods  of  maximum  magnetic  effect 
in  poles  R  The  result  is  that  a  strong  torque  is  produced 
and  the  motor  operates  with  approximately  the  power 
developed  in  a  motor  of  this  kind  energised  by  indepen- 
dently generated  currents  differing  by  a  full  quarter  phase. 
Eledrical  Enffineer  (New  York). 


El«otrlo  DepositiQii  of  Oust. — Prof.  Forster  says 
that  the  electric  deposition  of  dust  from  smoke  and  other 
sources  in  practice  presents  veiy  great  difficulties,  and  is  not 
successful  unless  the  air  te  be  cleared  is  at  rest,  and  the  walls 
to  which  the  dust  is  to  adhere  is  sticky.  The  dust  whirls 
away  after  lighting  on  the  surface  and  is  carried  off  even  by 
a  very  gentle  stream  of  air.  The  profeseor's  experiments 
were  made  at  the  German  Imperial  Sanitary  Department. 
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HOW  TO  ESTABLISH  A  CENTRAL  ELECTRIC 

UGHTIN6  STATION. 

BY    STBKSY   F.   WALKER. 

(Continued  from  page  I44.) 

It  ia  an  open  question^  where  continuous-current  dyna- 
moB  are  used,  whether  the  nisht  work  can  be  dealt  with  moat 
adyantageouslv  by  means  of  accumulators,  or  by  haying  a 
few  sma^  engines  and  dynamos  as  already  explained.  The 
latter  has  the  advantage  that  it  keeps  battery  work,  chemi- 
cals, etc,  out  of  the  central  station  entirely,  so  that  men 
who  bare  only  a  knowledge  of  the  mechanics  of  electricity 
may  be  employed.  Going  into  secondary  batteries  is  going 
into  another  science,  learning  sometmng  entirely  new. 
Dealing  with  dynamos  is  not  so  much  so,  nearly  all  the 
attention  required  to  them  being  such  as  any  intelligent 
mechanic  easily  acquires.  Further,  it  must  not  be  for- 
gotten that  there  is  considerable  loss  attending  the  use  of 
accumulators.  There  is  the  25  per  cent  or  so  residual 
chai^  which  must  not  be  taken  out,  and  there  is  the  double 
loss  of  conversion,  which  means  additional  coal,  water,  etc., 
for  the  same  work.  In  addition  to  this,  the  first  cost  of 
secondary  batteries  is  hieh  compared  to  that  of  engines  and 
dynamos.  On  tiie  otiier  hand,  the  use  of  secondary  batteries 
enables  a  smaller  plant  to  do  the  work,  as,  in  place  of  using 
the  whole  power  of  the  engines  and  dynamos  only  for  the 
one  or  two  hours  when  a&  the  lights  are  required,  they 
might  all  be  working  all  day  charging  accumulators,  and 
the  current  required  during  the  busy  time  could  be  taken 
from  the  dynamos  and  tibe  accumulators  together.  In 
America  this  has  been  done  with  considerable  success,  but 
from  the  paper  on  the  subject  contributed  by  Mr.  Qeo, 
Prescott,  ]un.,  to  the  American  Institute  of  Electrical 
Engineers,  it  would  appear  that  somewhat  complicated 
Twitching  and  adjusting  arrangements  have  been  found 
necessary.  One  great  difficulty  attending  the  use  of  accu- 
mulators with  dynamos,  taking  the  current  for  the  lamps 
direct  from  the  mains  to  which  both  dynamo  and  accumu- 
lator are  connected,  is  the  danger  that  the  dynamo  E.M.F. 
at  the  terminals  of  the  accumtuator  may  fall  below  that  of 
the  accumulator  itself  at  the  same  point,  in  which  case  the 
dynamo  wires  becomea  path  for  thedischargeof  the  accumula- 
torcurrent^justasinthecaseof  dynamos  connected  in  parallel. 
In  the  writer^s  opinion,  however,  this  difficulty  can  also  be 
overcome  by  the  method  of  subdivision  of  the  mains  already 
recommended.  Let  the  dynamos  be  set  to  charge  accumu- 
lators during  the  day,  but  each  dynamo  charging  its  own 
battery,  not  aU  the  dynamos  connected  in  parallel  to  all  the 
accumulators.  Then,  before  the  busy  time  comes  on,  let  all 
the  accumulators  be  disconnected  from  their  respective 
dynamos,  and  let  each  set  be  treated  as  advised  for  the 
dynamos,  ready  to  be  switched  on  to  any  circuit  as 
required.  After  the  busy  time  is  over  let  the  dynamos  be 
stopped  one  after  the  other,  and  the  work  left  to  the  accu- 
mulators. Where  a  day  supply  is  required,  as  in  dark  city 
offices  and  similar  situationsy  or  in  case  of  fog,  one  or  more 
dynamos  and  engines  must  be  kept  free  for  this  purpose, 
and  a  dynamo  or  two  can  be  kept  running  during  the 
night  if  any  of  the  accumulators  should  be  run  down 
below  the  safe  limit  If  would  not  be  safe  to  leave 
accumulators  to  tiiemselves  at  a  central  station  anv  more 
than  it  would  be  to  leave  engines  and  boilers,  though  there 
ought  to  be  scarcely  anything  for  the  man  in  charge  to  do, 
and  it  might  be  necessary  to  devise  an  elaborate  record  of 
tests  to  be  entered,  so  that  he  might  have  something  to 
keep  him  awake.  But  this  is  no  more  than  is  now 
frequently  the  case  with  large  engines  which  are  continu- 
ously running,  such  as  the  mn  engine  at  a  colliery.  The 
engine  man  has  very  little  to  do,  but  he  must  be  there  in 
case  of  accident    So  the  man  in  charge  of  accumulators 

I  would  have  to  be  ready  to  add  cells  and  to  take  off  bad 
ones,  in  case  of  a  sudden  collapse  of  one  or  two ;  and  he 
ought  even  to  have  the  fires  of  one  boiler  banked,  so  that 

I  he  could  run  an  engine  in  case  of  necessity.  The  question, 
therefore,  whether  accumulators  shall  be  used  or  not,  be- 
comes, except  in  special  cases,  purely  one  oi  first  cost  and 
maintenance  cost 

In  the  one  case,  a  certain  engine  and  boiler  power  is  laid 
down,  and  steam  is  kept  up,  say,  from  3  p.m.  to  8  a.iiL  next 
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morning,  or  if  there  is  a  day  service  as  well,  the  whole  day 
and  night;  only  the  full  power  of  the  engines  being  used  for 
about  two  hours  in  winter  and  not  at  all  in  summer.  In  the 
other  case,  a  much  smaller  engine  plant  is  fixed,  and  steam 
is  only  maintained  for  10  to  12  hours ;  but  to  the  cost  of 
the  engine  and  dynamo  plant  must  be  added  the  cost  of 
accumulators  to  take  part  of  the  work  at  the  busy  time 
and  the  night  work ;  and  to  the  cost  of  firing  for  12  hours 
must  be  acSied  the  cost  of  attendance  on  the  accumulators 
while  charging  and  discharging,  and  the  cost  of  their 
renewals. 

Next,  as  to  what  engines  should  be  employed.  The 
opinion  has  already  been  expressed  that  these  should  be 
divided  up  as  much  as  possible.  The  writer  would  also 
recommend  their  being  01  as  simple  construction  as  possible, 
and  all  having  two  cylinders.  The  double-cylinder  engine 
runs  more  steadily  than  the  single^ylinder ;  it  is  neces- 
sarily smaller  for  the  same  power,  and  can  be  arranged  to 
run  faster  on  whatever  principle  it  may  be  constructed,and  is 
therefore  more  easily  set  to  drive  the  dynamo  without  the 
intervention  of  countershafts.  The  latter  should  be  avoided 
where  possible;  thev  add  considerably  to  the  expense, 
absorb  power,  and  take  up  room.  For  belting,  almost  any 
form  of  well-made  belting  is  suitable.  The  plan  which  has 
come  into  fashion  within  the  past  few  years,  also,  of  driving 
by  ropes  over  grooved  pulleys  has  many  advantages.  One 
point  against  it  is  that  if  the  rope  breaxs,  whether  it  be  one 
rope  passing  several  times  round  the  same  pulleys  (or 
several  ropes,  each  running  in  its  own  groove)  the  whole  of 
the  rope  is  almost  certain  to  be  destroyed.  The  question 
of  what  kind  of  dynamo  should  be  used  need  hardly  be 
discussed  further  here,  but  the  writer  would  reiterate 
the  warning  he  has  so  often  given.  Let  them  be  as  simple 
as  possible.  Do  not  barter  simplicity  for  5  per  cent  or  even 
10  per  cent,  efficiency.  It  is  a  bad  bar^in,  and  wiU  almost 
inevitably  cost  you  more  than  you  gam.  If  your  station 
is  successful,  you  may  have  a  difficulty  in  manning  it  with 
really  skilled  men ;  xhen  is  the  time  when  you  will  feel  the 
pinch  of  your  so-called  high-efficiency  dynamos.  Something 
may  happen  to  them  which  only  the  maker  can  put  right, 
because  it  is  a  part  of  the  special  arrangement  by  which  he 
gets  his  extra  efficiency,  and  the  cost  to  vou  makes  a  con- 
siderable addition  to  your  expenses  for  the  year ;  whereas, 
with  simple  machines,  your  own  men,  if  well  trained,  will 
deal  with  everything  thnt  turns  up,  the  only  assistance  you 
require  from  the  maker  being  the  supply  of  the  wearing 
parts. 

Before  passing  on  to  the  commercial  side  of  the  matter, 
it  may  be  as  well  to  consider  a  point  that  is  often  taken  as 
conclusively  established — namely,  the  use  of  feeder  mains 
in  connection  with  central  station  work.  The  idea  of 
keeping  different  parts  of  the  district  in  touch,  so  to  speak, 
with  the  centre  is  a  remarkably  good  one,  as  are  most  of 
the  ideas  emanating  from  Mr.  Eidison ;  but  it  is  doubtful, 
in  the  writer's  opinion,  if  the  idea  is  of  ^eat  commercial 
value  as  applied  to  feeder  mains.  The  object  to  be  attained 
is  the  reinforcement  of  the  E.M.F.  at  practical  centres  of 
distribution  by  mains  direct  from  the  source  of  supply,  the 
E.M.F.  in  which  has  not  been  exposed  to  a  charge  for  the 
passage  of  the  current  supplying  lamps  between  it  and  the 
source,  and  the  ultimate  gain  is  a  saving  of  copper.  But 
this  saving  is  effected  at  the  cost  of  additional  wires  under- 
ground, and  the  saving  is  partly  counterbalanced  by  the 
cost  of  the  insulation  of  the  feeders,  the  expense  of  joints, 
etc.  The  writer  is  aware  that  the  same  objection  may  be 
raised,  in  part,  at  least,  to  the  system  of  division  he  recom- 
mends. But  he  thinks  the  two  cases  are  hardly  alike.  The 
object  to  be  attained  by  allotting  to  each  dynamo  its  own 
work,  irrespective  of  what  the  others  may  be  doing,  is 
simplicity  in  detail,  and  reduced  cost  of  maintenance,  owine 
to  tne  greater  safety  in  running.  The  object  to  be  attained 
by  feeder  mains  is  a  small  saving  in  copper,  at  a  very 
possible  increased  cost  of  maintenance.  Further  than  that, 
except  under  the  special  conditions  of  supply  to  be  men- 
tioned below,  while  meters  are  making  their  name,  the 
division  would  be  by  districts;  the  latter  being  only 
divided  where  the  supply  was  large,  and  in  that  case  there 
would  be  far  less  complication  and  less  chance  of  wrong 
connections  being  maae  where  two  or  more  positive  mains 
were  Lud  together  for  a  certain  distance,  and  two  or  more 
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Degativea  for  the  same,  than  where  a  number  of  mains 
emanated  from  the  same  source  but  terminated  at  different 
placee.  It  will  be  when  cables  become  faulty  that  this  will 
be  felt;  the  difficulty  of  finding  the  particular  cable  at 
each  box,  unless  very  carefully  marked  and  the  marks  care- 
fullv  preserved,  will  be  added  to  the  trouble  of  locating  the 
fault  iteelf. 

It  appears  to  be  assumed  that  feeders  may  be  laid  down 
as  the  supply  of  current  increases,  but  it  will  be  most 
unwise  to  reckon  on  this.  Tearing  up  the  streets  will 
have  to  be  resorted  to  as  seldom  as  possible,  not  onlv  on 
account  of  the  nuisance  to  traffic,  but  on  account  of  the 
expense.  It  will  in  the  majority  of  cases  be  easier  and 
cheaper  to  lay  down  mains  in  the  first  instance  for  the 
whole  of  the  supply  that  there  is  any  reasonable 
probalnlity  of  securing,  and  later — much  later — if  the 
town  itself  hu  grown,  or  if  from  other  causes  the  demand 
baa  outgrown  the  cables,  lay  down  for  a  further  substantial 
supply,  than  to  be  adding  <uiblets  from  time  to  time,  in  the 
shape  of  additional  feeder  mains.  Prepare  your  estimate, 
as  suggested  in  the  beginning  of  the  paper,  for  all  the  sup- 
ply you  can  possibly  get — all  you  ought  to  get  if  the  supply 
IS  good — and  work  to  that  as  the  portion  of  capital  account 
due  to  cables. 

Next,  having  laid  out  your  station  and  secured  con- 
sumetB,  how  wiU  it  be  best  to  charge,  and  what  sort  of  a 
supply  will  you  give !  Answering  the  latter  questiou  first, 
the  writer's  view  is  that  you  should  come  to  a  consumer, 
and  be  ready  to  supply  him  with  any  kind  of  light  from 
8  c.p.  up  to  the  largest  incandescent  lamp  that  is  made,  and 
let  him  turn  it  on  when  he  wants  it  just  as  he  now  does  gas. 
You  should  also  be  prepared  to  give  him  an  arc  lamp  if  he 
fancies  it ;  but  there  is  the  objection  to  an  arc  lamp  that  it 
is  not  under  his  own  control  unless  he  keeps  a  man  to  clean 
the  lamp,  change  carbons,  etc.,  besides  which  the  large 
incandescent  lamps  are  far  superior  for  every  kind  of  worK, 
and  cheaper  to  maintain.  Before  long,  no  doubt,  an  income 
will  be  earned  from  the  use  of  the  current  for  power,  and 
possibly  for  heating ;  but  at  present  it  would  be  wiser  to 
reckon  only  upon  its  use  for  lighting. 

(To  he  oondvded.) 


TESLA'S  TBANSFORHER  FOR  MOTOR  WORK  AND 
FOR  CONSTANT  CURRENT. 

In  the  early  forms  of  alternating  motor  brought  out  by 
Mr.  Tesia  the  construction  embodied  a  series  of  coiu 
traversed  by  currents  differing  a  quarter  phase  from  one 
another.  This  has  in  some  forms  required  three  wires  from 
the  generator  to  the  motor,  but  in  order  to  avoid  this  Mr. 
Tesla  has  recentlv  constructed  a  converter  specially  de- 
signed to  be  usea  in  connection  with  his  motor,  and  in 
which  the  difference  of  phase  required  is  spontaneously 
brought  about.  This  converter  al»o  possesses  the  valuable 
property  that  it  operates  with  a  constant  current  for  all 
loads  imposed  upon  the  secondary. 

In  transformers  as  at  present  constructed  it  is  found  that 
the  E.M.F.  of  the  secondary  very  nearly  coincides  with 
that  of  the  primary,  being,  however,  of  opposite  sign.  At 
the  same  time  the  currants,  both  primary  and  secondary, 
lag  behind  their  respective  KM.F.  s,  but  as  this  lag  is  prac- 
tically the  same  in  the  case  of  each,  it  follows  that  the  maxi- 
mum and  minimum  of  the  primary  and  secondary  currenta 
will  nearly  coincide,  but  differ  in  sign  or  direction,  pro- 
vided the  secondary  be  not  loaded,  or  if  it  contain  devices 
having  the  property  of  self-induction. 

On  the  other  hand,  the  lag  of  the  primary  behind  the 
impressed  RMF.  may  be  diminished  by  loading  the  secon- 
daiy  with  a  non-inductive  or  dead  resistance — such  as 
incandescent  lamps — whereby  the  time  interval  between 
the  maximum  or  the  minimum  periods  of  the  primary  and 
secondarv  currents  is  incraased.  This  time  interval,  how- 
ever, is  limited,  and  the  results  obtained  by  phase  difie- 
rence  in  the  operation  of  such  devices  as  Mr.  Tesla's  alter- 
nating-current motors  can  only  be  approximately  realised 
by  such  means  of  producing  or  securing  this  difference,  as 
above  indicated.  For  it  is  desirable  in  such  cases  that 
there  should  exist  between  tho  primary  and  secondary  cur- 


rentw  a  difference  of  phase  of  90d^.,  or,  in  otiier  words, 
Uie  current  in  one  circuit  should  he  maximum  when  that 
in  the  other  circuit  is  minimum. 

To  more  nearly  and  perfectly  attain  to  this  condition 
Mr.  Tesla  secures  an  increased  retardation  of  the  secondan' 
current  in  the  following  manner:  Instead  of  bringing  the 
primary  and  secondarv  coils  or  cireuits  of  a  transformer 
mto  the  closest  possiolQ  relations,  as  has  hitherto  been 
done,  he  protects  in  a  measure  the  secondary  from  the 
inductive  effect  of  the  primary  by  surrounding  either  the 
primai7  or  the  secondary  with  a  comparatively  thin  m^- 
netic  shield  o 


Under  these  conditions,  as  long  as  the  primary  current 
has  a  small  value  the  shield  protects  the  secondary,  but  as 
soon  as  the  primarv  current  luts  reached  a  certain  strength, 
which  is  arbitrarily  determined,  the  protecting  magnetic 
shield  becomes  saturated  and  the  inductive  action  upon  the 
Becondary  begins.  It  results,  therefore,  that  the  secondary 
current  hegins  to  flow  at  a  certain  fraction  of  a  period 
later  than  it  would  without  the  interposed  shield,  and  since 
this  retardation  may  be  obtained  without  necessarily  re- 
tarding the  primary  current  also,  an  additional  la^  is 
secured,  and  the  time  interval  between  the  maximum  or 
minimum  periods  of  the  primary  and  secondary  currents 
is  increased. 

Mr.  Tesla  has  also  discovered  that  such  a  transformer 
mav  by  properly  proportioning  its  elements  be  made  to 
yield  a  constant  current  at  all  loads. 

In  the  accompanying  illustrations  Fig,  1  is  a  cross-section 
of  a  transformer  embodjring  the  above  idea.  A  A  is  the 
main  core  of  the  transformer  composed  of  a  ring  of  annealed 
iron  wire.  Upon  this  core  is  wound  the  secondary 
circuit,  B  B.  This  latter  is  then  covered  with  a  layer 
of  annealed  iron  wires,  C  G,  wound  in  a  direction  at  right 
angles  to  the  secondary  coil.  Over  the  whole  is  then 
wound  the  primary  coil,  D  D. 


From  the  nature  of  this  construction  it  will  be  obvious 
that  as  long  as  the  shield  formed  by  the  wires,  C,  is  below 
maraietic  saturation,  the  secondarv  coil  or  ctrcnit  is  effec- 
tually protected  or  Yielded  from  tne  inductive  influence  of 
theprimary. 

When  the  strength  of  the  primary  reaches  a  certain  value, 
the  shield,  C,  becoming  saturated,  ceases  to  protect  the 
secondary  from  inductive  action,  and  cotrent  is  in  conse- 
quence developed  therein.  For  similar  reasons,  when  the 
primary  current  weakens,  the  weakening  oE  the  secondary 
IS  rataided  to  the  same  extent. 

In  the  engraving,  Fig.  2,  the  core.  A,  is  built  up  of  insu> 
lated  iron  pktes  or  discs.  The  primary  circuit,  D,  is  wound 
next  to  core,  A  Over  this  is  applied  the  shield,  C,  which 
in  this  case  is  made  up  of  thin  plates  of  iron  properly 
insulated  and  surrounding  the  primary,  forming  a  closod 
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magnetic  circuit.     The  secondary,  B,  is  wound  over  the 
shield,  C. 

In  Fig.  2  the  primary  of  the  transformer  is  connected 
with  the  circuit  of  the  generator.  P  is  a  two-circuit  alter- 
nating-current motor,  one  of  the  circuits  being  connected 
with  the  main  circuit  from  the  source,  E,  the  other  being 
supplied  with  currents  from  the  secondary  of  the  trans- 
former.—^/ec^rico/  Engineer  (New  York). 


\ 


THE  LANE  FOX  CLAIMS. 


We  are  asked  to  give  publicity  to  the  following  circular 
letter,  etc.,  which  is  interesting  and  important  at  this 
juncture  of  affairs : 

''  Sir, — ^Your  attention  has  perhaps  been  called  to  certain 
claims  which  have  recently  been  put  forward  by  the  Lane 
Fox  Electrical  Company,  Limited,  with  regard  to  the 
system  of  distribution  by  means  of  secondary  batteries  in 
conjunction  with  dynamos.  The  Lane  Fox  Company  claim 
the  exclusive  use  of  this  system  by  virtue  of  the  patents 
granted  to  Mr.  Lane  Fox  in  1878,  and  they  are  demanding 
royalties  accordingly. 

"  Amongst  others  against  whom  the  claim  has  been  made 
is  my  company,  and  my  directors  have  therefore  caused  the 
matter  to  be  investigated,  and  have  obtained  an  opinion 
from  their  technical  and  legal  advisers  as  to  the  validity  of 
the  claim.  The  result  has  been  to  satisfy  them  that  the 
claim  cannot  be  sustained,  and  they  therefore  propose  to 
resist  it. 

**  The  case,  however,  is  obviously  one  in  which  successful 
resistance  on  the  part  of  any  one  defendant  will  enure  for 
the  benefit  of  all  who  are  making  use  of  the  system,  and  it 
appears  to  my  directors  that  it  would  only  be  prudent  and 
expedient  that  all  concerned  should  co-operate  m  the 
defence.  They  have,  therefore,  instructed  me  to  commu- 
nicate with  you,  and  with  others  whom  they  believe  to  be 
interested,  with  a  view  of  forming  an  association  for  the 
purpose  of  offering  combined  opposition  to  the  claims  of 
the  Lane  Fox  Company. 

"  It  is  not  yet  known  against  whom  that  company  will 
direct  its  first  attack,  but  it  is  obviously  desirable  that  who- 
ever may  be  thus  selected  should  contest  the  case  thoroughly, 
so  as  to  secure  a  decision  which  will  protect  all  other  users. 
The  question  interests  alike  the  supplying  companies,  the 
contractors  who  do  electrical  work,  and  the  private  indi- 
viduab  who  use  the  system  in  their  private  installations, 
and  it  appears  to  my  directors  that  an  opportunity  of  co- 
operation should  be  given  to  all  concerned. 

"  Mv  directors  have  already  opened  communication  with 
several  of  the  other  companies  interested,  and  two  or  three 
of  them,  including  amongst  others  the  Westminster  Electric 
Supply  Corporation,  Limited,  and  Messrs.  Crompton  and 
Co.,  Limited,  have  promised  to  co-operate.  Further,  the 
opinions  of  Sir  Frederick  Bramwell,  Mr.  Swinburne,  and 
Mr.  Kapp  have  been  obtained,  all  of  whom  agree  in 
advising  that  the  claims  of  the  Lane  Fox  Company  cannot 
be  sustained.  These  opinions  have  been  submitted  to 
counsel  on  behalf  of  my  company,  and  counsel's  opinion  is 
to  the  like  effect  My  directors,  therefore,  feel  justified  in 
believing  that  the  claims  could  be  resisted  successfully,  and 
they  think  this  could  best  be  done  by  the  formation  of  an 
association  upon  some  such  basis  as  is  indicated  in  the  terms 
set  out  on  the  enclosed  paper. 

"  I  am  now  instructed  to  ask  whether  you  will  be  pre- 
pared to  join  such  an  association.     You  will  observe  that  it 
would  not  commit  you  to  a  larger  expense  than  £ 
unless  after  consideration  of  the  matter  in  general  meeting 
you  should  be  willing  to  carry  your  liability  further. 

"  Probably  it  will  be  found  convenient,  if  a  satisfactory 
number  of  adhesions  should  be  received,  to  form  a  small 
committee  to  represent  the  association  and  direct  any  pro- 
ceedings which  may  be  taken  for  the  common  benefit,  it 
being  always  understood  that  neither  the  committee  nor 
the' association  itself  should  have  the  power  to  compel  the 
continuance  in  the  association  of  any  member  who  desired 
to  withdraw  or  to  impose  upon  any  such  member  any  pecu- 
niary responsibility  beyond  that  which  the  member  might 
actually  nave  agreed  to  undertake. 


"  My  directors  would  be  willing  to  give  the  association 
the  use  of  this  company's  office  for  the  purpose  of  carrying 
on  the  work,  so  that  no  expense  need  be  incurred  except 
such  as  may  be  incidental  to  the  employment  of  technical 
and  legal  advisers,  and  such  printing  and  stationery  as  may 
be  necessary. 

''  It  would  be  well  to  get  the  association  formed  without 
delay,  and  if  possible  before  the  commencement  of  proceed- 
ings by  the  Lane  Fox  Electrical  Company,  Limited.  I 
shall  therefore  be  glad  to  be  favoured  with  your  views  on 
the  subject  at  your  earliest  convenience. — ^Yours  faithfully, 

<'R.  S.  Ebseine,  secretary, 

''  The  Kensington  and  Knightsbridge  Electric 
"  Lighting  Company,  Limited. 

"Proposed  Basis  for  the  Formation  of  a  Defence 

assocution. 

"  An  association  of  companies,  firms,  and  persons  using 
secondary  batteries  as  accumulators  of  electrical  energy  in 
connection  with  the  supply  of  current  from  dynamos,  for 
the  following  objects : 

"1.  To  defend  any  action  that  may  be  brought  against 
any  of  them  by  the  Lane  Fox  Electrical  Company,  who 
are  threatening  to  commence  actions  in  respect  of  the 
letters  patent  owned  by  them,  and  alleged  to  cover  the 
system  of  supply  above  mentioned. 

"  2.  To  take  such  advice  and  collect  such  information  as 
may  be  necessary  for  the  protection  of  the  rights  of  the 
several  members  of  the  association  to  use  the  system  of 
supply  above  mentioned. 

"  3.  Supply  companies  to  subscribe  a  minimum  of  £50, 
contractors  £25,  and  owners  of  private  installations  £10, 
to  be  called  up  as  required ;  this  would  entitle  members 
thus  constituted  to  claim  that  the  association  should  defend 
any  action  to  the  extent  of  the  funds  subscribed,  and  any 
additional  amount  which  may  from  time  to  time  be  voted 
in  general  meeting  which  might  be  brought  against  them 
by  the  Lane  Fox  Electrical  Company  in  connection  with  the 
above-named  claims. 

"  4.  Should  further  funds  be  required  the  members  are 
to  be  called  upon  to  subscribe  in  the  ratio  of  the  sums 
above  mentionecl,  according  to  their  respective  denomina- 
tions. 

''  5.  Any  member  of  the  association  may  retire  at  any 
time,  in  which  event  this  association  shall  no  longer  be 
under  any  liability  to  defend  any  action  which  may  have 
been  brought,  or  may  be  brought,  against  the  member  in 
question." 


THE  THOMSON-HOUSTON  SYSTEM  OF  ELECTRIC 

TRACTION  IN  BREMEN,* 


The  Germans  are  the  first  to  introduce  the  Thomson-Houston 
systeiu  of  electric  traction  mto  Europe,  a  line  on  that  system 
having  been  opened  in  Bremen  on  June  22  last.  The  tramway 
commences  in  the  centre  of  the  town,  near  the  town  hall,  passes 
by  the  new  railway  station,  and  finishes  at  Ausstellungs-platz, 
inside  the  entrance  to  the  Burger  Park.  The  generating  station 
is  about  220  yards  distant  from  this  entrance.  It  contains  a 
boiler  constructed  by  the  firm  of  Pdtry-D^reuz,  a  steam- 
engine  of  150  Lh.p.,  made  by  Kitchen,  of  Diisseldorf, 
and  a  dynamo  of  84  e.h.p.,  having  a  terminal  pressure 
of  500  volts.  The  latter  is  driven  by  belting  from  the 
engine.  In  addition  to  these,  there  is  installed  an  Armington- 
Sims  high-speed  engine  of  70  h.p.,  which  actuates  on  an  arc 
lisht  dynamo  used  for  lighting  purposes  only.  Another  dynamo 
of  the  same  capacity  as  the  firat  will  shortly  be  laid  down.  This 
installation  supplies  current  for — (1)  the  working  of  the  electric 
tramway  ;  (2)  for  the  operation  of  a  15  h.p.  motor  placed  in  the 
Vienna  Bakeiy  in  Ausstellungs-platz,  where  the  motor  drives 
some  kneading  machines  and  an  arc  light  dynamo  for  illuminat- 
ing the  buildings  ;  (3)  for  the  lighting  of  arc  lamps  and  glow 
lamps  arranged  in  series  and  installed  on  the  Freien-platz  ;  (4) 
for  the  illumination  by  means  of  glow  lamps  of  that  portion  of 
the  line  from  the  railway  viaduct  to  the  park,  and  of  several 
groups  of  glow  lamps  installed  in  two  streets. 

The  conductors  are  carried  on  insulators  attached  to  the  lower 
ends  of  short  pieces  of  steel  cable,  the  upper  ends  being  fixed 
to  steel  and  cast-iron  standards.  The  conductors  consist  of 
copper  wires  8 '25  mm.  thick.  Under  the  railway  viaduct  they 
are  carried  only  on  insulators  fixed  to  the  arch  or  the  viaduct, 

*  Abstracted  from  the  EiektroUchmache  Ztiiichfift, 
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andin  oneoarrowstreet  they  are  installed  transyenely  from  house 
to  house.  In  ordinary  service  there  are  fire  to  six  cars,  which 
run  at  intervals  of  from  four  to  five  minutes.  If  it  is  desired, 
an  extra  car  can  be  coupled  to  each  of  the  electric  cars.  Fixed 
on  the  roof  of  each  oar  u  a  supporting  arm  placed  at  an  angle 
of  4Od0g.  This  support,  whicn  lies  horizontally  when  the  oar 
passes  under  the  oefore-mentioned  viaduct,  xauries  a  contact 
roller  having  a  deep  groove,  and  pressing  against  the  under- 
side of  the  overhead  conductor.  A  uiort  piece  of  insu- 
lated conductor  is  attached  to  the  contact  roller  and 
leads  down  to  the  motors.  There  are  plen^  of  curves, 
but  they  are  of  short  radius,  and  suitable  leading  pieces  are 
provided  at  the  curves  so  that  the  contact  roller  may  maintain 
its  proper  position.  There  are  two  motors  slung  on  a  special 
framework  under  each  car,  each  motor  actuating  a  separate  axle. 
The  current  from  the  generating  dynamo  leaves  the  positive 
brush  and  passes  along  the  overhead  main,  which  is  placed  about 
soft,  above  the  middle  of  the  track.  It  is  then  collected  by  the 
contact  roUen,  passes  through  the  moton  to  the  car- wheels,  and 
thence  back  to  tne  negative  brush  by  the  rails.  The  rails  are 
connected  by  copper  wires,  which  are  riveted  to  them.  The 
can  are  fitted  with  brakes,  brushes  for  clearing  obstacles  off  the 
track  raUs,  safety  appliances,  etc.  At  the  depot  pits  have  been 
made  so  as  to  facilitate  access  to  the  motora,  etc.  The  tramway, 
which  is  about  one  mile  long,  and  nearly  double  throughout,  is 
being  well  patronised,  one  point  in  its  favour  being  the  holding 
of  an  industrial  exhibition  m  the  Biiiger  Park. 


COMPANIES'  MEETINGS. 


GENERAL  ELECTRIC. 

The  statutory  general  meeting  of  the  shareholders  of  the 
Qeneral  Electric  (S>mpany,  Lunited,  took  place  on  Tuesday  at  the 
offices,  71,  Queen  Victoria-street. 

Mr.  CKwtaT  Binswaiiger  (the  chairman  of  the  Company),  who 
presided,  stated  that  the  business  of  the  Company  was  divided 
mto  three  departments— electric  lighting,  electric  bells,  and  the 
works  at  Manchester.  The  result  of  the  trading  was  that  they 
were  able  to  recommend  a  dividend  of  15  per  cent,  on  the  pre- 
ference shares,  and  of  7i  per  cent,  on  the  orainary  shares,  carry- 
ing, at  the  same  time,  a  sum  of  £037  to  reserve.  I&is  result  must 
be  considered  extremely  satisfactory,  inasmuch  as  the  earning 
power  of  the  Company  upon  the  actual  capital  invested  was  more 
than  25  per  cent,  per  annum.  The  business  was  oontinuinff  to 
show  a  verv  substantial  increase,  and  as  the  winter  was  the  best 
time  for  a  business  of  this  description,  they  had  every  prospect  of 
bein^  able  to  double  the  returns.  The  Chairman  concluded  by 
movmg  the  adoption  of  the  report  and  accounts. 

Xr.  M^rsleln  seconded  the  resolution,  which  was  unanimously 
agreed  to,  and  the  dividends  as  recommended  were  also  declared. 

Bfr.  T.  J.  Seel  was  re-elected  auditor  of  the  Companv. 

Mr.  Bees  proposed,  and  Xr.  CNildaehmkU  seconded,  a  vote  of 
thanks  to  the  Cnairman  and  Directors,  and  the  meeting  separated. 


NEW  COMPANIES  REGISTERED. 


OerdoB  MIeetrlo  TraetloB  ByBdieate,  Limited. -^Registered 
by  Gilbert  Robins,  11,  Pancras-lane,  E.C.,  with  a  capital  of  £2,400 
In  £10  shares.  Object :  to  acquire  the  invention  oi  John  €k>idon 
of  a  system  of  electric  street  car  traction  and  tiie  provisional  pro- 
tection for  the  same,  dated  May  5,  IB90.  Host  of  the  regulations 
of  Table  A  apply. 

NonpareU  Kleotrle  Syndioate,  Limited.— Re^psterod  bv  A.  H. 
Fowler,  2,  Victoria-mansions,  S.W.,  with  a  capital  of  £o,000  in 
£100  shares.  Object :  to  acquire  letters  patent,  granted  October 
11,  1889,  to  Joseph  Mason  for  a  new  or  improved  automatic,  coin- 
freed  machine  for  giving  electric  shocks.  Registered  without 
articles  of  association. 


PROVISIONAL  PATENTS,  1890. 


AUOUST  11. 

12532.  improTementa  la  eieelrio  lighting,  Sydney  Pitt,  24, 
Bouthampton-buildingps,  London.  (Sautter  Hari6  and  Co., 
France.)    (Complete  spiacifioation.) 

12562.  New  or  lavreved  meane  «r  apyaratiui  for  generaMag 
«leetrloltj.  William  Oswald  Stanley,  17,  Southampton- 
buildings,  London. 

1266d.  Zmprevemeata  la  eieeirlo  are  lamps.  Edwin  Charles 
Russell,  45,  Southampton-buildings,  London. 

*'  August  12. 

12038.  laiproirwaeata  relattag  to  the  weldlag  of  metals  by 
eieetrloltj.  Herbert  Ellsworth  Fowler,  45,  Southampton- 
buildings,  London.    (Complete  specifioation.) 

12634.  improiveBMBta  la  d|mam»eleatrte  mafthtaea  or  lectrlp 
motoia.  Theodore  Marshall  Foote,  45,  Southampton* 
buildings,  London.    (Complete  specifioation.) 


August  13. 

12713.  improremeata  la  eieotrto  malas,  and  la  apparatos  vaod 
la  tlMlr  maanfhetore.  Sebastian  Ziani  de  Ferranti,  24, 
Soutiiampton-buildings,  London. 

August  14. 

12737.  ImproveBMBto  la  appUaaoea  ftnr  oeadaoUac  ^tootrie 
onmata.  John  Mackintosh  Mackay  Munro,  154,  St.  Vin- 
cent-street, Glasgow. 

12763.  Improvmaaats  la  or  relattag  to  eieotrloal  Imtteriea. 
Eugene  Buffet,  323,  High  Holbom,  London. 

12777.  Improved  aafbtj  ooaaeottoaa  or  oonpUaga  tor  OleeSrle 
ooadaoters.  Robert  Howe  Gould  and  Theodor  Gottachalk, 
55,  C!hancery-lane,  London.    Complete  specification.) 

12784.  Improvemeata  la  nadergronad  oondolta  and  ooadaotors 
ter  etootrleal  tranamtealoa.  Reginald  William  James, 
1,  Queen  Victoria-street,  London.  (William  John  Brewer, 
United  States.) 

August  15. 

12819.  improvemeati  la  oolnau  type  prlatfag  laatrameata 
operated  eleotrloallj,  for  tetograpbloaad  otter  parpoeea, 
aad  la  ooadaotors  tterefor,  wliloli  latter  are  also  appli- 
oaUe  fior  teleplieBle  aad  eieotrto  traaamleatoa  geaerally. 

Samuel  Dickinson  Williams,  Moorlinch  House,  Clytha  Park, 
Newport. 
12827.  Improremeata    la    anaatnrea     for     dyaaaw-Olsetrto 
maelilniai      Henry    James    Hilton,    37»    Chanoery-lane, 
London. 

12830.  Improvmaaata  la  aeooadary  Imtterlea  aad  eieotrodea 
ttereHnr.  Henry  Harris  Lake,  45,  Southampton-buildings, 
London.  (George  Augustine  Johnson  and  Sidney  Latham 
Holdrege,  United  States.)    (Complete  specifioation.) 

12832.  Aa  eieotrloal  wattmeter,  also  applleable  aa  aa  aauaa- 
ter  or  voltmeter,  fimest  Wilison,  28,  Southampton- 
buildings,  London. 

August  16. 

12874.  Improved  eieetrte  awltoh.  Christen  Rees  Bonne,  41, 
Eastcheap,  London.  (The  Action  Gesellachaft  Mix  and 
Qeneet,  Germany. 

SPEOIFIOATIONS  PUBLISHED. 

1889. 

7005.  CkdYaate  tetterlea.    Schaaschieff.    6d. 

10640.  Beetrto  are  lampa.    Crampton  and  Essinger.    8d. 

12185.   mstrltontlag  eleotrtottj.    Howard,    lid. 

13553.  Eieotrloal    railway    atgaaning    apparatoa.      Edwards 
(Perls).    8d. 

14366.  Are  laaipa.    Boult.    8d. 

14464.  meotrtolty  BMtera.    Batault.    8d. 

14500.  Beotrto  teUa.    GroYcs  and  Stewart.    8d. 

14871.  BatliB  for  eleetro-platlag,  eta  Hopkinson  and  Appleton. 
6d. 

16586.  Beetrte  awitOhea.    Marcher  and  Emecke.    8d. 

17060.  Sleetrloal  tamaoea.    Parker.    8d. 

18980.  Snspeadlag  eleetrte  lamps.    Bradner.    8d, 

1890. 
8241.  aieotrto  lamp  liaagera.    Jeffers.    8d. 
8796.  Xleotrto  olrenlt  ooatrolllag  apparatus.    GilL    8d. 
9857.  Weidlag,  etc.,  aietals  by  eleotrlolty.    Dewey.    8d. 


CITT   NOTES. 


Braalllaa  Sntaaarlae  TOlegrapli  Oompaay. — ^The  receipts  for 
the  week  ended  August  15  amounted  to  £4,838. 

West  ladla  aad  Paaaaia  Tetograpli  Coaipaay. — The  estimated 
receipts  for  the  half-month  ended  August  15  amounted  to  £2,530, 
as  compared  with  £2,368. 

Weatera  aad  BrasUlaa  TOlegrapli  Oompaay,  fdmlted. — ^The 
receipts  for  the  week  ended  August  15,  after  deducting  the 
fifth  of  the  ffross  receipts  payable  to  the  London  Platino-Braoliaa 
Telegraph  Company,  were  £3,718. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brush 

—  Pref.    

India  Rubber,  Gntta  Peroha  k  Telegraph  Co 

House-to-House      

Metropolitan  Electric  Supply   

London  Eiectrio  Supply    

Swaa  United 

Orompton  ft  Co.,  Pnf. 

National  Telephone    

Sleotrio  Gonstmotiou 


Price 

Fsld. 

Wednei 

(Uj 

,^^ 

li 

— . 

11 

10 

20 

6 

5 

— 

5i 

5 
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8» 

64 
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NOTES. 


Konissberff. — ^The  centoral  station  at  Kdnigsberg  is 
announced  to  be  opened  on  7th  October. 

Xflflen. — An  installation  for  the  transmiadon  of  power 
for  a  large  manuhotory  has  been  carried  out  at  Essen  in 
(Jermany. 

Are  Ug^htiBff.— Boston  (U.S.)  has  now  800  pnblio  arc 
lights  mnning.  The  price  is  40  cents  (Is.  8d.)  per  hunp 
per  night. 

Calonlftl  Tenders. — ^Messrs.  Siemens  and  Halske  and 
Messrs.  Oanx  and  Go.  are  tendering  for  work  in  Bombay 
and  Sydney. 

Kleetrlo  Railway  In  Oarlebad. — ^An  electric  rail- 
way is  to  be  shortly  established  at  the  well-known  watering 
place  of  Garlsbad. 

Beetrie  Tramway  In  Paris. — ^We  are  informed  that 
an  electric  tramway  is  now  being  put  on  service  between 
the  Phice  Pigalle  and  the  Trocad^ro,  Pftris. 

Beotrio  Vans  on  Railways.— The  Chicago  and  Alton 
Bailway  claims  to  be  the  first  to  introduce  ventilating  and 
cooling  fans  driven  by  electric  motors  in  the  parlour  cars. 

Storage  Oars  in  Ihresden.— Experiments  are  being 
made  in  Dresden  with  electric  tramears  driven  by  accumu- 
lators. Herr  J.  L.  Huber  has  carried  out  these  experi- 
ments. 

Milan  OatbedraL — It  is  proposed  to  light  up  the 
exterior  of  Milan  Cathedral  at  night  by  means  of  an  im- 
mense projector  electric  lamp  fitted  on  the  summit  of  the 
principil  tower. 

Paper  on  Welding. — ^IVof.  Elihu  Thomson  will  read 
a  paper  before  the  New  York  meeting  of  the  British  Iron 
and  Steel  Institute  in  October  on  the  "Thomson  Electric 
Welding  Process." 

Berlin. — ^A  new  central  station  at  Berlin,  erected  by 
the  Kurfurstendamm  Gtesellschaft^^will  shortly  be  started 
in  actual  work.  It  has  cost  £3O,0QO  and  will  supply  the 
Grriinewald  quarter.  [ 

Beotrio  Rnvelopo  Maolilnejj  An  envelope-making 
machine  has  been  constructed  by  an  American  inventor, 
Mr.  Boss,  in  which  an  electric  automatic  feed  regumor  is 
a  prominent  feature.  ; 

A  Portable  Tlieatrioal  Plant. — ^A  dynamo  and  a 
complete  electrical  plant  will  be  carried  by  **The  Limit^ 
Mail"  theatrical  company,  to  produce  the  telegraph  and 
other  effects  in  that  play.  ^ 

SohoflMUier  SauUl  Are  Lamp.— Mr.  R  SdflKuer, 
of  Paterson,  New  Jersey,  makes  an  arc  lamp  of  oO  to  200 
cp.  extremely  economical  in  operation,  which  is  finding  a 
very  wide  field  in  the  States. 

Bobemia. — ^At  Teplitz,  in  Bohemia,  the  public  contract 
with  the  gas  company  for  lighting  expires  in  1891,  and  the 
town  is  in  treaty  wiUi  a  Berlin  firm  for  the  establishment 
of  a  central  electric  light  station. 

Oonstantinople. — ^A  combination  of  (German,  Swiss, 
and  Belgium  capitalists  have  recently  organised  a  company 
under  the  title  of  the  "  Society  for  Lighting  the  Town  of 
Constantinople,"  we  suppose  electrically. 

DonUo-CarlMm  Lamps, — ^An  injunction  has  been 
granted  on  final  hearing  against  the  Western  Electric  Co., 
in  favour  of  the  Brush  Electric  Co.  of  Cleveland,  with 
reference  to  the  use  of  double-carbon  arc  lamps. 


Sims-Bdison  Torpedo. — Mr.  Scott  Sims,  of  the  Sims- 
Edison  torpedo  firm,  is  building  a  torpedo  boat  to  run  at  a 
speed  of  18  miles  an  hour  for  the  United  States  Govern- 
ment.   The  test  of  it  is  to  take  place  in  the  fall 

Telephone  in  Kharkov. — On  the  8th  of  July  the 
telephone  was  inaugurated  at  EJiarkov.  There  §re  several 
public  call  stations  throughout  the  town  by  which,  on  pay- 
ment of  26  copecks,  five  minutes'  conversation  can  be 
obtained. 

Telepliony  in  Rnssda.— A  French  company,  says  the 
Ingenieur  Canaeil^  has  obtained  the  authority  from  the 
Bussian  Government  for  the  establishment  of  long-distance 
telephone  lines  between  St.  Petersburg,  Moscow,  and 
Varsovie. 

Sdison-Lalande  Battery.— This  battery  has  scored 
quite  a  point  in  New  York.  At  the  Western  Union  build- 
ing, just  refitted,  350  of  these  cells  have  been  put  in  use  by 
the  Edison  Manufacturing  Company,  to  replace  a  very  much 
larger  number  of  the  cells  in  use  before  the  recent  fire. 

StoraiT^  Battery  Plant. — ^A  lighting  plant  comprising 
storage  batteries  has  been  sold  to  the  Grant's  Pass  Electric 
Light  Company,  Oregon,  for  a  central  station.  It  will  be 
a  500-light  plant,  and  is  said  to  be  the  first  central  station 
storage  battery  plant  on  the  Pacific  Coast,  outside  of  Cali- 
fornia. 

Xleotrio  Ugbtinflr  by  Water  Power.— A  dam  is  to 

be  built  across  the  Des  Chutes  river,  near  Olympia,  Wash- 
ington, giving  a  30ft  waterfall  It  is  estimated  that  this 
will  give  from  400  to  600  h.p.  Six  dynamos  will  be  placed 
at  the  falls  to  generate  current  for  electric  light  and  power 
purposes. 

Bngine-Dynamo  Bttoienoy.— Becent  tests  made  by 
Mr.  Gisbert  Kapp^  in  the  presence  of  Mr.  W.  EL  Preece, 
of  a  WiUans  and  Bobinson  engine  and  direot^oupled 
dynamo,  for  the  new  Birmingham  post  office,  showed  the 
total  efficiency  of  indicated  to  electrical  horse-power  to  be 
87  per  cent 

World's  Pair. — ^Prof.  Wm.  A.  Anthony,  the  president 
of  the  American  Institute  of  Electrical  Engineers,  has  been 
mentioned  as  a  candidate  for  the  position  of  electrical 
superintendent  of  the  World's  Fair  in  1803.  The  name  of 
Prof.  Elisha  Gray  has  also  been  prominently  mentioned  in 
connection  with  the  same  office. 

Breslan. — ^A  vote  of  a  million  marks  has  been  made  to 
provide  a  central  station  for  Breslan  of  a  capacity  of  8,000 
laiflfl^  with  extension  to  30,000  kmps.  The  plans  and 
tenders  of  Messrs.  Siemens  and  Halske  have  been  accepted. 
The  system  to  be  used  will  be  continuous  currents  with 
accumulators  charged  during  the  day. 

Beotrio  Tramway  in  Sweden.->rhe  first  electric 
tramway  in  Sweden  has  been  recently  opened.  It  \b  in- 
tended for  the  transport  of  minerals  to  and  from  the  metal- 
lurgical works  at  Bozholm.  The  motive  force  is  furnished 
by  a  turbine  of  50  h.p.  driving  two  Wenstrom  djmamos, 
and  the  current  to  the  motors  is  carried  by  overhead  con- 
ductors. 

A  New  Altematittff  Motor. — Mr.  Van  Depoele, 
whose  name  is  already  well  known  in  connection  with 
electric  traction  work,  has  invented  a  new  alternating- 
current  motor.  In  this  the  alternating  dynamo  is  not 
followed  as  a  model,  but  the  effect  is  utilised  of  an  alter- 
nating field  on  the  currents  generated  by  it  in  a  Qlose4- 
circi^it  armf^tur^t 
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TliMiuion*Hoii8toii  System  in  Italy. — The  Italian 
dectxical  paper,  VElectricUh,  came  out  last  week  with  a 
supplement  as  large  as  itself  entirely  devoted  to  a  descrip- 
tion of  the  Thomson-Houston  system,  with  a  list  of  places 
in  England,  Scotland,  Italy,  France,  Finland,  Sweden, 
Belgium,  Eussia,  and  Spain  at  which  the  system  is  working. 

An  Sleotrlo  Shook  Aooldont. — ^In  view  of  the 
universal  interest  aroused  by  the  Kemmler  execution,  an 
accident  which  occurred  on  Saturday  to  an  employ^  of  an 
electric  light  company  at  Washington  has  evoked  great 
attention.  By  an  inadvertence  the  man  received  a  shock  of 
2,000  volts;  he  became  instantly  insensible,  but  soon 
recovered,  though  the  places  where  the  current  entered 
and  left  his  body  showed  marks  of  burning,  and  were 
very  painful. 

Xilglitninff  in  a  Clook  Factory. — A  cyclone  at 
Saint-Claude,  in  France,  which  occurred  last  week,  amounts 
to  a  public  disaster,  houses  having  been  demolished  in  all 
directions.  At  Saint-Claude  the  damages  are  said  to  be  so 
great  that  2,000,000f.  would  not  cover  them.  Clear  traces 
of  lightning  are  visible  on  trees  and  house  gutters,  and  the 
electricity  was  particularly  destructive  in  a  clock  and  watch 
factory,  where  the  works  of  all  sorts  of  clocks  and  watches 
were  destroyed. 

Pononal. — Mr.  James  Dredge,  editor  of  London  Etigi- 
neering^  has  been  selected  by  the  joint  committee  of  the 
civil,  mechanical,  and  mining  engineering  societies  of  the 
United  States,  says  the  Electrical  fForld,  to  deliver  the 
address  at  the  unveiHng  of  the  memorial  to  be  erected  in 
honour  of  Alexander  Lyman  HoUey  in  Washington-square, 
New  York.  The  dedication  is  to  take  place  early  in 
October,  during  the  New  York  meeting  of  the  British  Iron 
and  Steel  Institute. 

Bnsinoss  Progross. — ^Messrs.  Drake  and  Gorham 
record  a  steady  increase  in  business,  with  several  important 
installations  in  course  of  execution ;  amongst  which  may 
be  mentioned  the  lighting  of  the  new  Metropolitan  Police 
Buildings  with  1,500  lights,  the  Western  Branch  of  the 
Bank  of  England,  and  Alnwick  Castle,  for  the  Duke  of 
Northumberland.  The  firm  have  been  compelled  to  make 
extensive  .  additions  to  their  offices  and  stores  to  cope 
with  the  increase  of  work. 

ConooBslons  at  Paris. — ^M.  Cochin,  according  to  a 
note  in  EUctricUS,  has  obtained  from  the  Municipal  Council 
of  Paris  the  approval  of  two  demands  for  concession  of  the 
electric  lighting  of  the  left  bank  of  the  Seine.  M.  Naze 
asks  the  concession  extending  from  the  Esplanade  des 
Invalidee  to  the  Place  Walhubert.  The  concession  asked 
by  M.  Patin  includes  a  part  of  the  fifth  arrondissement,  and 
extends  from  the  Boulevard  Saint-MicheUto  the  fortifica- 
tions by  the  Avenue  d'0rl6ans  and  the  quays. 

GaB-Elootrio8  in  Carlsbad. — In  Carlsbad,  says  the 
Oas  World,  the  gas  company  holds  the  field  till  1902.  The 
town  has  built  an  electric  station  and  leased  it  to  the  gas 
company  until  1902  at  4^  per  cent  on  capital  and  1^  per 
cent  sinking  fund ;  the  gas  company  is  to  have  the  first 
£525  of  profit ;  beyond  that  the  town  and  the  gas  company 
divide  equally.  The  Ganz  alternating  system  is  used,  with 
overhead  conductors  from  the  works  to  the  town,  a  dis- 
tance of  If  miles,  and  underground  in  the  town. 

BImotallio  Wiroo.— The  system  of  bimetallic  tele> 
graph  and  telephone  wires  of  copper  on  steel,  mentioned 
in  our  last,  is,  we  now  learn,  not  the  Durand,  but  the 
Martin  system ;  and,  according  to  the  BtUletin  Internaiiofial  I 


de  FEledricUd  for  August  25,  the  French  Administiation  of 
Posts  and  Telegraphs,  after  full  tests,  have  found  a  favoor- 
able  report,  and  an  order  for  wire  of  3mm.  diameter  has 
been  given.  This  is  for  the  line  between  Paris  and  Saint- 
Quentin — a  total  requirement  of  some  280  miles. 

Post  OAoo  Tolphor  Uno. — The  longest  telpherage 
line  in  the  world  is  to  be  opened  this  month  in  Soath 
America.  This  overhead  electric  railway  will  be  186 
miles  long,  and  will  connect  Buenos  Ayres  with  Monte- 
video. Its  object  is  to  allow  of  travelling  letter  boxes  to 
be  dispatched  every  two  hours  between  the  two  citieB. 
The  line  will  cross  the  La  Plata  estuary  in  that  part  where 
it  is  19  miles  wide.  The  two  wires  there  will  be  supported 
on  either  side  of  the  river  by  two  towers  nearly  270ft. 
high. 

Edison  and  Spragno. — ^The  Edison  General  Electric 
Company,  of  America,  has  issued  a  circular  informing  its 
patrons  and  others  that  the  business  of  the  United  Edison 
Manufacturing  Company  and  the  Sprague  Electric  Railway 
and  Motor  Company  have  been  transferred  to  the  Edison 
General  Electric  Company,  and  that  the  business  heretofore 
conducted  by  the  two  former  companies  will  hereafter  be 
conducted  by  the  Edison  General  Electric  Company,  which 
will  have  district  offices  at  New  York,  Chicago,  Denver, 
San  Francisco,  Portland,  Toronto,  and  New  Orleans. 

Edinburgh  Sxhibitlon.— The  Lord  Provost,  magis- 
trates, and  Town  Council  of  Glasgow  paid  an  official  visit 
on  Tuesday  to  the  Edinburgh  Electrical  Exhibition.  They 
were  met  at  the  exhibition  by  a  deputation  of  the  Edin- 
burgh Town  Council,  and  afterwards  conducted  by  the 
executive  committee  round  the  exhibition  and  grounds,  in- 
cluding a  trip  on  the  telpher  railway,  a  sail  in  the  electric 
launches  on  the  Union  Canal,  and  a  visit  to  the  other 
extra  attractions.  In  the  evening  the  visitors  were  enter- 
tained to  dinner  by  the  executive  in  the  Boyal  dining- 
rooms. 

Omnibosos. — Our  readers  will  be  interested  to  hear 
that  the  Brush  Electrical  Engineering  Company,  Limited, 
have  entered  into  a  contract  with  the  London  Road  Car 
Company  for  the  supply  of  60  omnibuses.  These  are  ordi- 
nary omnibuses  for  horse  traction,  and  will  be  coustructed 
at  the  Brush  Company's  Falcon  Works,  Loughborough. 
Large  extensions  have  been  made  at  these  works  to  enable 
the  company  to  cppe  with  increasing  demand  for  their 
steam-engines,  tramcars,  and  omnibuses  for  electric  or  other 
traction,  rolling  stock,  and  electrical  machinery,  and  appa- 
ratus of  every  description. 

Elootiiolty  as  a  Hair  Dootroyor. — ^A  correspondent 
writes  for  further  information  on  this  subject  A  letter 
sent  through  the  post  has  been  returned  owing  to  "insuf- 
ficient address."  Quite  recently  we  referred  to  a  letter  in 
the  Times,  in  which  a  lady  gave  her  experience.  The  result 
in  her  case  was  unsatisfactory  and  costly.  We  should 
advise  our  correspondent  to  have  nothing  whatever  to  do 
with  advertisers  who  promise  to  eflfectually  and  permanently 
remove  hair  from  the  face  by  electrical  methods.  These 
advertisers  are  generally  utterly  ignorant  of  electrical 
science,  and  bolster  up  their  practice  with  actual  falsehoods. 

Snbmaiino  BalL— A  curious  kind  of  submal 
pedo  has  been  devised  and  tested  in  Italy.  It  is  in  tl 
form  of  a  large  hollow  ball,  with  room  for  several  men 
inside.  Arrangements  are  made  for  discharging  projectiles, 
and  also  for  picking  up  submerged  articles  by  means  of 
^pnels  let  down  froo^  the  inside,    This  subnwine  bal} 
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can  be  raised,  lowered,  and  propelled  under  the  surfaoe  of 
the  water,  and  rotated  on  its  own  axis,  and  the  tests 
recently  made  proved  very  satisfactory.  The  energy  for 
propulsion  and  steering  in  the  original  was  all  done  by 
hand  work  from  the  inside.  It  is  proposed  to  construct 
another  and  larger  on  the  same  pattern,  in  which  the  power 
will  be  derived  from  electric  motors. 

Spanish  Cables.— The  Spanish  Minister  of  the  In- 
terior, by  a  notice  dated  the  18th  inst,  has  invited  tenders 
for  the  construction  and  laying  of  telegraph  cables  between 
Spain  and  the  Spanish  possessions  on  the  north  coast  of 
Africa  and  to  Tangier.  Seven  sections  of  a  total  length  of 
about  332  miles  will  be  required.  The  maximum  payment 
to  the  contractor  will  not  exceed  about  JS160  per  mUe. 
These  tenders  are  to  be  addressed  in  sealed  covers  to  the 
Director  of  Posts  and  Telegraphs,  Telegraphic  Department, 
No.  18,  Calle  de  Glaudio  Coello,  Madrid,  and  must  be  sent 
in  within  30  days  from  the  18th  inst.  The  conditions  (in 
Spanish)  may  be  seen  at  the  Commercial  Department  of 
the  Foreign  OfiSce,  London,  between  the  hours  of  11  and  5. 

Ghester. — ^The  electric  light  question  is  now  a  promi- 
nent one  at  Chester.  At  the  kst  meeting  of  the  Town 
Council  the  Watch  Committee  recommended  that  the  Bill 
confirming  the  provisional  order,  having  received  Boyal 
assent,  be  referred  to  the  committee  to  report  as  to  the 
course  most  advisable  for  putting  its  powers  into  execution. 
Alderman  Frost  recommended  the  Council  to  enquire  of 
other  towns  where  electric  lighting  was  in  existence  and  see 
if  it  paid.  It  was  stated  that  the  matter  was  tentative, 
ihat  the  committee  did  not  intend  to  hurry  the  Council 
into  hasty  steps,  and  that  the  recommendation  was  one  to 
glean  information.  The  recommendation  was  agreed  to, 
and  the  Town  Council  may  therefore  now  be  considered  as 
on  the  look  out  for  the  best  information. 

Xleotrio  Lamp  as  Bedfellow. — "We  can  give  a 
point  to  New  York  people  about  getting  their  money's 
worth  out  of  these  little  movable  electric-bulb  lights," 
said  a  visiting  Idahoan  the  other  day  to  a  reporter  of 
^he  New  York  Times.  "  Out  our  way  we  take  them  to 
bed  with  us.  For  keeping  one  comfortable  on  a  cold 
night  they  are  as  good  as  a  roaring  fire  in  a  room. 
Bubber  bags,  tin  boilers,  and  other  devices  for  holding 
hot  water  get  cold.  With  the  thermometer  40d^.  below 
xero,  as  we  often  have  it  in  Idaho  for  long  stretches  at  a 
time,  these  old-fashioned  arrangements  would  freeze  before 
morning.  But  the  electric  bulbs  keep  one  snug  and  warm 
all  the  time.  When  I  begin  to  get  ready  for  bed  I  put  the 
light  between  the  sheets.  By  shifting  it  about  every  little 
while  it  takes  the  chill  from  the  bed  by  the  time  I  am  un- 
dressed. As  I  slide  in  I  push  the  light  down  with  my  feet, 
and  usually  fall  asleep  with  it  there." 

TtfeidiOBe  Management, — ^We  are  informed  that 
Mr.  A.  B,  Bennett,  who  has  been  general  manager  to  the 
National  Telephone  Company  in  their  northern  districts 
for  nearly  eight  years,  has  resigned  his  appointment^  and 
will  cease  to  administer  the  company's  affidrs  in  Scotland 
at  the  end  of  October.  Since  the  amalgamation  last  year 
of  the  three  principal  telephone  systems  the  operations  of 
the  extended  National  Company,  which  has  little  in  common 
with  the  old  National  except  the  name,  have  been  chiefly 
directed  by  gentlemen  who  were  directors  of  the  old  United 
Telephone  Company,  which  worked  London,  and  of  the  old 
Xancashire  and  Cheshire  Company.  Mr.  Bennett,  who  had 
breviously  been  unable  to  agree  with  the  policy  of  the  new 
Npard  on  several  important  points,  determined  towards  the 


end  of  July,  on  an  event  of  an  extraordinary  nature  occur- 
ring which  rendered  cordial  coH>peration  in  the  future 
impossible,  to  sever  his  connection  with  the  company  at 
the  earliest  possible  date. 

FerrantI  Tests. — ^The  Ferranti  mains  have  been 
going  down  in  the  Strand  this  last  week,  and  tests  are 
being  continually  made  along  the  whole  line.  The  lengths 
to  [Deptford  are  approaching  completion,  and  five  miles  of 
main  has  now  been  under  test  Over  a  mile  has  been 
tested  at  the  full  pressure  in  one  length,  and  current  to  a 
small  amount,  sufficient  that  is  to  actually  light  lamps 
through  it,  has  been  sent  along  this  length.  The  tests 
adopted  have  been  very  elaborate  and  careful,  and  com- 
prise graduated  tests  with  potentials  of  10,  20,  100,  500, 
1,000,  2,500,  and  10,000  and  20,000  volts.  The  tests 
with  from  4  to  10  volts  are  simply  for  continuity, 
and  the  intermediate  pressures  are  for  testing  cable  to  cable, 
outer  cable  to  sheathing,  cable  to  earth,  and  so  forth.  Then 
the  two  conductors  are  tested  with  1,000  volts  between  them- 
selves ;  then  the  full  circuit  pressure  at  Orosvenor^  2,500 ; 
again  with  full  pressure  now  used  from  Deptford,  5,000 ; 
then  with  full  proposed  pressure,  10,000 ;  and  lastly,  with 
a  huge  drayful  of  transformers  at  20,000  volts.  The  work 
is  progressing  rapidly ;  during  the  last  week  four  times  the 
number  of  workmen  has  been  put  on. 

■stlmates  for  Lanoashire  ITlllages, — ^At  its  last 
meeting  the  Billinge  Local  Board  had  under  consideration 
the  question  of  lighting  the  streets  during  the  winter 
mondis.  The  chairman  (Mr.  Heald),  who  introduced  the 
matter,  expressed  the  opinion  that  theirs  was  the  oidy 
township  in  Lancashire  which  is  not  lighted  in  the  winter ; 
and  said  that  wherever  they  went  out  of  the  village  they 
found  gas  or  some  substitute  for  it.  The  only  objection 
to  the  adoption  of  public  lighting  was  that  they  had  done 
without  it  so  long,  and  could  dispense  with  it  a  little 
longer.  After  some  discussion  on  the  lespeotive  merits  of 
oil  and  electricity,  it  was  decided  to  obtain  an  estimate  for 
the  electric  lights  on  the  condition  that  the  estimate  was 
supplied  free  of  cost  At  Ince,  in  the  same  neighbourhood, 
a  discussion  arose  at  the  Local  Board  meeting  on  the  ques- 
tion of  lighting  the  street  lamps.  One  member  expressed 
opinion  that  the  practice  of  leaving  the  lamps  unlighted 
was  disgraceful  The  lamps  should  either  be  lighted  or 
the  kmp-piUars,  which  under  the  existing  conditions  were 
a  source  of  danger,  should  be  removed.  It  was  decided  to 
light  the  lamps  every  night  for  the  present^  pending  a  full 
consideration  of  the  subject 

City  Onilds  Institute, — ^The  "  Programme  of  Techno- 
logical Examinations,"  just  issued  by  the  City  and  Guilds 
of  London  Institute,  show  a  continuous  and  important 
extension  in  the  direction  of  true  technical  education.  The 
IH*ogramme  itself  is  becoming  quite  a  large  book  of  some 
230  pages.  The  first  part  comprises  very  full  particulars 
to  intending  students  of  the  various  courses  and  the 
text-books  to  be  studied.  The  second  part  contains  a 
long  list  of  teachers  registered  as  able  to  hold  classes 
for  the  technological  instruction.  The  last  hundred  pages 
contain  the  papers  set  in  examination  for  1890.  We 
notice  these  papers  are  admirable  from  the  point  of  view 
of  requiring  a  practical  knowledge  from  the  student; 
for  instance,  in  the  ordinary  grade  the  question  is  put 
requiring  the  sketch  of  arrangement  of  gas-engine  plant  and 
accumulators  for  100-volt  lamps,  and  generally  any  theo- 
retical question  is  required  to  have  sketches  or  description 
of  some  actual  apparatus.  In  the  honours  grade  the 
efficiency  of  dynamo  is  deMt  withy  insulatiop  t^  of  house 
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installation,  the  chemical  actions  of  the  KP.S.  cell,  process 
of  electric  welding,  sketches  of  electric  meter  for  alternate 
and  direct  current,  calibrating  volt  and  ammeters,  arrange- 
ments for  overhead  tramway  transmission  of  power.  A  list^ 
on  page  13,  is  given  of  professors  in  various  colleges  whose 
certificates  will  now  be  accepted  as  evidence  of  knowledge 
in  the  necessary  science  subjects. 

OaUe  TestlBff. — ^We  well  remember  the  absorbing  in- 
terest some  years  ago— far  transcending  that  of  a  novel — 
of  the  little  book  describing  the  laying  of  the  first 
Atlantic  cable  by  Gyrus  Fidd  and  his  helpers.  An 
article  on  "  Gable  Laying,''  in  CarnhUl  for  September,  by 
a  writer  who  prefers  to  keep  his  name  unknown  to  the 
public,  has  a  true  taste  of  this  same  strain  of  human 
interest  in  the  actual  operation  of  laying  the  submarine 
cables.  The  fitting  and  arrangement  of  the  "  Silvertown  " 
is  sufficiently  described  for  an  untechnical  person  to  follow 
the  routine  of  cable  laying  which  is  there  interestingly  given 
— ^the  sounding  for  the  route,  the  coiling  of  the  cable  in  the 
immense  hold,  the  erection  of  the  cable  hut,  and  the  landing 
of  the  end,  the  running  out  of  the  cable,  and  the  delicate 
and  unobtrusive  testing  continually  kept  up  in  the  littie 
room  amidships,  and  then  the  exciting  period  of 
bringing  up  the  ship,  whose  momentum  alone  would 
carry  her  a  mile,  just  at  the  right  time  to  buoy  the 
cable  end  in  mid-ocean.  **  Eighteen  coils  in  the  hold. 
•Go  slow!'  Nine.  'Stop  her  T  Three... two... one.  'Half 
speed  astern.'  End  off  the  drum,  sir !  '  Stop  her !  Down 
with  the  breaks !'  The  cable  crawls  along,  and  the  end  is 
stopped  halfway  between  drum  and  stern  sheets."  The 
reminiscences  will  fill  old  cable  hands  with  reflected  excite- 
ment and  expectation,  and  will  give  to  the  general  public 
an  admirable  sketch  of  the  process  of  laying  out  submarine 
cables. 

Primary  Batteries  for  Traetion. — ^While  the  elec- 
trical world  is  anxiously  watching  the  race  between  storage 
and  direct-driven  cars,  a  correspondent  of  the  Moniieur  des 
Tramways  is  in  ecstacy  at  the  behaviour  of  a  piimary  bat^ 
tery  which  has  achieved  wonders  when  fitted  for  driving  an 
electric  tricycle,  and  he  looks  to  see  it  applied^more  usefully 
as  the  motive  power  on  the  Lyons  tramways.  At  Asni^res, 
the  account  runs,  for  the  last  few  weeks,  the  curious  spec- 
tacle has  been  seen  of  a  large  tricycle  driven  by  an  electric 
motor  supplied  from  the  nine  cells  of  a  battery  of  a  new 
Und  made  by  the  inventor,  a  M.  Million.  The  motor  is 
geared  to  the  large  wheels,  and  by  means  of  levers  the 
motor  can  be  driven  backwards  or  forwards,  and  the  speed 
of  driving  changed  according  to  the  gradient.  The  head 
lamp  is  a  small  Edison  lamp  lighted  from  the  same  battery. 
The  Million  battery  is  remarkable  for  the  regularity  and 
strength  of  the  current  during  a  long  discharge.  The  nine 
elements  drove  the  tricycle  mounted  by  a  man  a  journey  of 
45  miles  in  eight  hours  on  an  ordinary  road  for  a  total  coat 
given  as  four  francs  (Ss.  3d.).  This  experimental  tricycle 
is  not  furnished  with  pedals,  though  when  made  for  sale 
these  will  also  be  added,  and  can  be  used  on  stiff  inclines, 
*'  although,"  says  the  writer  of  this  account,  "  we  saw  on 
Sunday  the  apparatus  in  question  mount,  as  fast  as  a  man 
could  walk,  a  hill  of  12  per  cent,  gradient,  and  300  yards 
long,  several  times  running,  to  the  great  astonishment  of 
numerous  bicyclists  and  tricyclists  who,  to  pass  from  the 
banks  of  the  Seine  to  the  heights  of  Courbevoie,  were 
pushing  their  machines  before  them."  An  engineer  of  one 
of  the  large  constractional  works  of  the  neighbourhood 
witnessed  these  evolutions,  and  it  is  understood  he  intends 
at  once  to  utilise  these  batteries  for  electric  tramway  trac- 


tion.   A  specimen  is  expected  to  be  shown  working  on  >^ 
sample  line  at  the  exhibition  at  the  Palais  de  TlndlMilde, 
and  "  the  town  of  Lyons  will  not,  we  also  know,  wait  very 
long  before  possessing  a  motor  of  this  type." 

Thnndentorms  andBIilk^ — "  In  our  long  experience,'' 
says  a  writer  upon  the  subject  of  milk  and  thunderstorms, 
*'  we  have  never  had  any  milk  affected  by  the  ozone  either  in 
shallow  pans  ox  deep  pails,  and  are  of  opinion  that  the  heat 
of  the  air  preceding  the  thunderstorms  is  more  directly  the 
agent  in  the  souring  of  the  milk  than  the  ozone  that  may 
exist  in  the  air  after  the  storm  is  passed.  Carefulness  to 
maintain  a  proper  temperature  by  closing  doors  against  the 
outer  atmosphere  will  be  a  means  of  safety."  From  experi- 
ments by  an  Italian,  Prof.  O.  Tolomei,  however,  published 
in  the  Tmes^  it  seems  that  the  ozone  is  the  active  agent  in 
acidifying  .the  milk.  He  experimented  with  electricity  on 
fresh  milk  in  three  different  ways — first,  by  passing  the 
discharge  of  a  Holtz  machine  between  two  balls  of  platinum 
inserted  nearly  two  inches  apart  in  a  bottle  containing 
milk ;  second,  by  sending  a  battery  current  between  two 
strips  of  platinum  at  the  bottom  of  a  XT  tube  holding  milk; 
and,  third,  by  subjecting  milk  in  a  test  tube  to  the  action 
of  a  strong  battery  current  through  a  silk-covered  copper 
wire  wound  spirally  round  the  tube.  In  each  case  the 
acidulation  was  delayed,  not  hastened,  and  took  place  on 
the  seventh,  ninth,  and  sixth  days  respectively ;  while  milk 
not  treated  was  manifestly  acid  on  the  third  day.  The 
professor  next  tried  the  effect  of  ozone,  and  found  it  dis- 
tinctly acidifying.  In  one  case  the  surface  of  a  quantity 
of  milk  was  brought  close  under  the  two  balls  of  a  Holtz 
machine,  and  the  milk  soon  became  acid  in  consequence,  the 
sooner  if  the  discharge  was  silent  (not  explosive),  in  which 
case  more  ozone  is  formed.  In  another  case  ozonised 
oxygen  was  made  to  bubble  up  through  a  quantity  of  milk, 
which  in  a  few  hours  was  completely  acid  and  soon  coagu- 
lated spontaneously.  Prof.  Tolomei  is  of  opinion  that 
oxygen  probably  also  promotes  lactic  fermentation  (a  point 
which  has  been  disputed).  If  milk  keeps  longer  in  wide, 
shallow  vessels,  that  is  probably  due,  he  thinks,  to  the 
cooling  produced  by  evaporation,  which  is  favoured  by  a 
wide  open  surface. 

Preoantleiui  in  Statiens.— From  time  to  time  we  see 
an  account  of  an  accident  in  an  electric  light  station  to  an 
employ^  of  the  company,  who  from  some  negligence 
receives  a  shock  more  or  less  dangerous,  and  occasionally 
fatal  Such  a  case  is  distinctly  different  from  that  of  an 
outside  person  accidentally  getting  a  shock,  but  it  is  right 
to  say  that  the  precautions  which  are  necessary  outside 
should  be  really  just  as  necessary  insid&  It  is  useless  (to 
the  man)  to  say  afterwards,  as  is  sometimes  done,  that  he 
knew  the  dangers  and  should  have  avoided  thena.  Danger 
from  electric  light  must  be  just  as  much  guarded  against 
as  that  from  moving  belting  in  factories,  and  more  so,  for 
it  is  invisible,  and  it  should  be  rendered  practically  non- 
existent. We  remember  in  a  station  (now,  we  believe, 
entirely  altered)  that  the  2,000-volt  terminals  stood  within 
an  inch  or  two  of  each  other,  and  quite  bare  to  the  air. 
The  workman  should  and  would  avoid  these  ;  but  an  acci- 
dental push  or  slip  of  a  ladder  might  cause  a  short  circuit. 
Again,  the  workman  might  be  perfectly  aware  of  the 
danger,  but  another  person  may  not.  It  is  perfectly  correct 
to  say  that  no  one  but  the  workmen  should  be  allowed  in 
the  stations,  but,  as  a  fact,  we  find  they  are  so  allowed 
occasionally,  even  in  the  best  regulated  stations.  Clerks, 
new  to  the  position,  may  presume  on  their  place  and  wander 
in ;  or  consequential  visitors  are  not  uncommon^  and  in 
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cases  we  have  in  our  mind  it  would  not  be  impossible  that 
the  want  of  precaution  might  fail.  We  very  well  remember 
the  answer  of  a  well-known  electrical  engineer  of  one  of 
our  large  companies  saying,  in  reference  to  the  question, 
that  such  persons  ought  not  to  come  inside,  and  "  if  they 
were  so  foolish  as  to  meddle  and  were  killed,  so  much  the 
better — the  world  would  be  well  rid  of  them  ";  but  this 
kind  of  off-hand  argument  would  have  a  very  poor  show  in 
practice.  It  would  be  well  if  those  in  charge  of  electric 
installations,  having  in  view  the  invisibility  of  the  force, 
were  to  periodically  look  round  to  see  if  there  exist  means 
by  which  accidents  could  possibly  happen,  save  with 
determined  effort  and  technical  knowledge  of  the  means  of 
so  doing,  and  if  so,  to  report  and  change  it. 

Orerhead  Conduotor  Tramways. — ^The  two  things 
that  naturally  strike  an  American  visitor  to  England  are  the 
almost  entire  absence  of  arc  lighting  in  the  streets  of 
London  and  the  non-existence  everywhere  of  the  electric 
tramways,  with  their  branching  overhead  conductors,  now 
almost  universal  in  the  States.  The  one  we  hope  to  see 
shortly  changed,  and  the  streets  of  the  Oity  should  be  glow- 
ing with  Brush  and  Thomson-Houston  lamps  by  the  next 
winter  season.  For.  the  other,  we  may  never  see  the 
widely-spread  use  of  overhead  conductors  for  tramcars  in 
English  towns,  nor,  perhaps,  greatly  desire  to  do  so,  as  the 
ingenuity  of  electrical  engineers  is  keenly  exercised 
in  evolving  a  satisfactory  underground  system  of 
tramoar  supply.  But  it  is  interesting  to  remark 
that,  after  long  waiting,  an  overhead  conductor  sys- 
tem is  actually  running  at  the  present  time  at  the  Edin- 
burgh Exhibition,  the  first  of  its  kind,  we  believe,  in  the 
United  Kingdom.  This  electric  railway,  with  its  "  broom- 
stick " — ^ridden,  as  Oliver  Wendell  Holmes  has  just  quaintly 
expressed  it,  by  "  invisible  witches  " — ^long  reaching  up  to 
the  slender  aerial  string  wire,  is  now  being  run  by  the 
Electric  Engineering  Corporation,  the  official  and  other 
difficulties  to  which  we  have  briefly  alluded  having  been 
overcome.  The  car  is  named  the  "Clerk  Maxwell," 
and  is  a  handsome  specimen  of  both  elec- 
trical and  carriage  workmanship.  Just  how  far  we 
shall  use  the  overhead  system  in  England  seems  to  be 
a  very  debateable  point.  One  writer  of  influence,  whose 
experience  is  practical  and  unique,  has  stated  that  it  is 
impossible  to  get  local  authorities  in  England  to  consent  to 
overhead  wires  for  tramways.  On  the  other  hand,  the 
officers  to  a  certain  large  proposed  company  have  stated 
definitely  that  the  wayleaves  for  tram  lines  in  various 
parts  of  the  kingdom — ^in  Ireland,  near  Manchester,  and  in 
other  parts  of  England — have  been  obtained,  and  that 
electric  tramways  on  this  system  could  certainly  be 
erected  and  run  were  there  anyone  to  undertake  the 
work.  If  there  is  any  likelihood  and  possibility  of  this 
direct  mode  of  electric  traction  being  adopted,  the  existence 
of  the  line  mentioned  may  {lossibly,  now  that  it  can  be  seen 
and  critically  inspected,  result  in  further  endeavours  to  intro- 
duce the  "  broomstick  "cars  What  with  large  orders  for  accu- 
muhitor  cars  now  in  hand,  with  two  or  three  dosed-conduit 
systems  in  practical  shape,  and  the  genuine  overhead 
system  at  last  at  work,  we  may  reasonably  look  for  exten- 
sions in  one  shape  or  another  of  electrical  railway  work  in 
England. 

Power  Required  for  Eleotrlc  Railwaye. — Some 
tests  are  published  in  the  Electrical  World  for  August  16  by 
Mr.  O.  D.  Huletti  taken  by  means  of  a  recording  ammeter 
on  the  Thomson-Houston  line  at  Syracuse,  N.Y.  The  line 
is  four  miles  long  and  is  worked  b^  seven  cars.    The 


diagrams  taken  show  an  extraordinary  variation  on  the 
magnitude  of  the  total  current  and  great  rapidity  in  these 
changes.  The  current  flowing  out  of  the  station  would 
vary  in  a  few  seconds  from  zero  to  100  or  even  150  amperes. 
The  starting  current  for  four  cars,  started  simultaneously, 
remained  at  87  amperes  for  some  five  minutes.  The  mean 
horse-power  computed  from  readings  when  the  needle  was 
fairly  steady  was  34*1  and  32*3  e.h.p.  respectively.  The 
efficiency  of  the  station,  taking  simultaneous  ammeter,  volt- 
meter, and  engine  indicator  readings,  was  62*8  per  cent., 
which  was  considered  good,  as  double  the  cars  might  have 
been  run  without  the  extra  engines.  The  highest  was  82 
per  cent.,  but  was  often  40  per  cent.,  and  even  if  run  full  it 
is  considered  doubtful  if  over  75  per  cent,  could  be  obtained. 
The  efficiency  of  the  line  from  simultaneous  station  and  line 
voltmeter  readings  was  91  per  cent.  The  efficiency  of  the  cars 
was  more  troublesome  matter,  and  we  are  not  sure  that  we 
follow  the  author,  in  his  remarks.  "  The  practice,"  he  says, 
''  in  the  Thomson-Houston  system  is  to  throw  out  all  the 
resistance  as  soon  as  practicable  after  starting,  and  conse- 
quently fully  four-fifths  of  the  entire  distance  is  covered 
with  the  motor  at  its  maximum  efficiency.  This  was 
certainly  true  here  at  Syracuse,  where  long  runs  were  made. 
The  method  adopted  was  to  find  the  maximum  efficiency  of 
an  average  car,  with  the  external  resistance  entirely  thrown 
out  by  obtaining  the  work  necessary  to  cover  350ft  upon  the 
level  track,  and  the  same  distance  upon  a  grade  averaging 
5*76  per  cent"  We  have  italicised  the  point  that  does  not 
seem  clear.  How  was  the  amount  of  work  necessary 
obtained  f  If  by  taking  an  engine,  or  another  car, 
and  drawing  the  idle  car,  it  would  give  the  result, 
but  it  is  not  so  stated,  and,  indeed,  these  details  are 
just  the  ones  most  desired*  However,  by  combining  the 
results,  whatever  they  were,  the  author  obtained  an  effici- 
ency of  75*8  per  cent;  "  which,"  he  says,  "  shows  up  very 
well  for  the  motors,  when  we  recollect  that  some  10 
per  cent  is  consumed  in  the  gearing."  The  effici- 
ency with  various  resistances  was  also  measured  or 
computed,  and  as  result  in  the  present  case  65  per 
cent  was  taken  as  mean  efficiency.  The  efficiency 
of  the  entire  system  was  therefore,  tiJring  the  product  of 
the  efficiencies  of  station,  line,  and  cars,  62*8  x  91  x  65  *-  37 
per  cent  A  total  efficiency  of  25  per  cent  had  been  found  at 
Lafayette  with  slow  Corliss  engines  and  shafting,  and  thus 
the  advantage  of  quick-speed  direct-driven  dynamos  is 
argued.  The  demand  was  heaviest  at  A  to  8.30  in  the 
evening,  with  decided  drop  from  12  to  2,  but,  on  the  whole, 
was  moderately  constant  from  8  a.m.  to  9.30  p.m.  Coal 
consumption  is  given  as  4,80011x,  and  average  horse-power 
for  the  day  51*4;  hence  coal  per  indicated  horse-power 
was  5*31b.,  and  per  electrical  horse-power  8-41b.  The 
cars  ran  98  miles  per  day,  so  the  electrical  horse- 
power hours  per  car  mile  is  *82.  One  point  to 
notice  is  that  the  curves  consumed  more  power  than  the 
uphill  inclines ;  the  curves  should  be  kept  lubricated.  The 
mean  station  voltage  was  487,  varying  from  over  500  down 
to  470.  The  greatest  current  observed  was  225  amperes, 
and  200  was  several  times  reached ;  but  in  all  these  cases 
the  large  currents  held  only  a  few  seconds  before  a  drop 
occurred.  It  will  be  noticed  in  the  above  that  the  total 
efficiency — 37  per  cent — is  small,  and  the  knowledge  of 
figures  such  as  these  reduces  the  rivahry  between  direct 
and  storage  systems  more  and  more  simply  to  one  of  com- 
parative first  cost  of  plant  and  length  of  life  in  the  plates. 
It  will  be  most  interesting  to  compare  similar  authentic 
figures  Itoj^  the  accumulator  cars, 
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DYNAMO  TESTING. 


(Concluded  from  page  16 S,) 

In  the  actual  experiments  performed  at  Messrs.  Mather 
and  Piatt's  works  on  February  27,  1886,  the  machines 
used  were  two  Edison-Hopkinson  shunt-wound  6^  unit 
dynamos,  designed  to  give  320  amperes  at  an  E.M.F.  of 
110  volts.  The  shunts  for  both  machines  were  taken  from 
the  brushes  of  the  generator,  and  in  the  field- magnet  circuit 
of  the  motor  a  variable  resistance  was  introduced,  so  that 
its  magnetic  iield  could  be  weakened  and  the  work  done  by 
it  varied. 

The  main  circuit  led  through  a  resistance,  Rm i  V6ry  small, 
*0058  ohm,  and  the  current  flowing  through  was  measured 
by  noting  the  difference  of  jpotentiiu  between  the  terminals 

of  the  resistance  A  and  B,  ~  being,  of  course,  equal  to  G. 

This  difference  of  potential  was  ascertained  by  leading  it 
through  a  variable  resistance  and  balancing  the  KM.F.  of  a 
Clark's  standard  cell  against  a  known  part  of  it.  In 
their  experiments  they  used  2,220  ohms.  The  KM.F.  of  a 
Clark's  standard  cell  being  1*453  volts,  the  difference  of 
potential  between  A  and  B  may  be  expressed : 

1-453  X  (2,220  +  rest  of  resistance) 

2,220 

Three  teste  were  made :  First,  the  machines  were  run 
without  their  fields  being  excited ;  this  gives  the  mechani- 
cal losses  in  the  machines. 


Fio.  6.— O,  Qeherator  or  DyiiSuno  ;  M,  Motor  ;  V  V,  Voltmeters  ; 
F  m,  Field  Magnets,  Motor ;  F  g,  Field  Magnets,  Dynamo. 

They  were  next  run  with  their  fields  separately  excited  ; 
the  extra  loss  here  denotes  that  due  to  eody  currents  and 
persistent  magnetism  in  tho  armature.  Ijie  connections 
were  then  made  as  shown,  and  when  358  amperes  were 
flowing  through  the  motor  the  power  transmitted  by  the 
belt  was  8*85  n.p. 

The  machines  are  working  at  full  load ;  we  know  the 
total  amount  of  loss ;  we  can  calculate  the  electrical  losses 
in  each  machine,  as  we  know  both  the  current  flowing  and 
the  resistance ;  and  we  also  know  the  loss  due  to  mechani- 
cal friction,  which,  as  the  machines  are  similar,  we  may 
call  the  same  for  either,  and  halve  the  very  small  fraction 
of  power  left 

The  commercial  efficiency  of  the  machines  tested  were 
92*5  as  dynamo,  and  92*6  as  motor. 

Soon  after  the  publication  of  these  tests  various  methods 
based  on  the  same  principle  were  proposed. 

Major  Cardew  stated  that  he  was  in  the  habit  when  testing 
dvnamos  for  the  War  Department  of  taking  two  machines 
of  the  same  size  and  output,  and  coupling  them  together 
either  with  a  belt  or  rigid  connection,  so  that  one  worked 
as  a  motor  and  drove  the  other  as  a  dynamo.  Current  from 
an  external  source  was  then  passed  through  the  motor,  its 
amount  and  E.M.F.  being  carefully  noted.  The  current 
generated  by  the  dynamo  was  run  through  resistances  and 
carefully  measured  on  the  same  instruments.  The  loss  in 
the  two  machines  was  thus  ascertained,  it  being  the  differ- 
ence between  the  two  amounts,  and  the  machines  being 
similar  it  was  divided  equally  between  them. 


Lord  Bayleigh  about  the  same  time  suggested  that  accu- 
mulators might  be  used  to  supply  what  extra  power  was 
needed  to  make  up  for  the  loss.  Messrs.  Trotter  and 
Ravenshaw  shortly  afterwards  devised  a  method  in  which 
three  dynamos  were  used,  not  necessarily  of  the  same  size 
and  output,  the  only  condition  being  that  the  output  of 
any  two  joined  in  series  must  be  greater  than  the  third. 

Fig.  6  shows  how  they  proposed  to  arrange  the  machines. 
A  is  the  dynamo  under  test ;  it  is  used  as  a  dynamo  in  the 
first  instance,  connected  in  series  with  the  dynamo  C, 
driven  from  some  external  source.  The  current  generated 
by  A  and  C  is  used  to  drive  B  as  a  motor,  which  is  the 
motive  power  for  djmamo  A.  The  electrical  energy  sup- 
plied to  the  motor  is  measured,  and  also  the  amount  geno- 
rated  by  the  dynamo  A.  From  these  the  combined 
efficiencies  of  A  and  B  are  calculated. 

Similarly,  B,  G,  and  A  are  coupled  upand  tested,  and  C, 
A,  and  B.  From  the  three  combined  emciencies  the  sepa- 
rate values  for  each  dynamo  may  be  obtained  thus  : 

Let  A,  B,  and  C  be  the  three  machines,  and  e^  the  com- 
mercial efficiency  of  A,  e^  of  B,  and  ^g  of  G ;  then  using  the 
sjonbols — V^,  volts  generated  by  dynamo  under  test;  Y, 
volts  utilised  in  driving  motor ;  C,  current. 

When  A  is  the  dynamo  under  test,  B  acting  as  motor, 

VI C 

and  G  as  supplementary  dynamo,  E^  =  -^^-^  =  efficiency  of  A 


and  B  coupled  together =0^  e^. 


VC 


Fio.  6. 


When  B  is  the  dynamo  under  test,  C  the  motor,  and  A 
the  supplementary  dynamo,  £2 


^^  =  efficiency  of  B  and 


C  coupled  together  =  e^  e^. 
When  C  is  the  dynamo  under  test,  A  the  motor,  and  B 

the  supplementary  dynamo,  £,« -^—-^  =  efficiency oTC  and 
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It  will  be  noticed  that  this  method  also  assumes  that  the 
efficiency  of  a  machine  working  either  as  dynamo  or  motor 
is  the  same. 

Mr.  Swinburne's  proposal  only  involves  the  use  of  one 
small  dynamo  in  addition  to  the  one  under  test.  The  elec- 
trical losses  he  calculates,  knowing  the  output  at  full  load 
and  the  resistances  both  of  the  field-magnet  coils  and  the 
armature.    Tho  remaining  source  of  loi^  ho  classy  aq 
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stray  power,  and  detemiitiea  it  thus.  He  deduces  from 
the  armature  resistance  and  full  output  what  is  the  loss  of 
E.M.F.  in  the  armature,  and  adds  it  to  the  terminal  E.M.P. 
He  then  drives  the  dynamo  as  a  motor  at  that  terminal 
E.M.F.,  taking  the  current  from  the  amall  machine.  As 
the  dynamo  ia  doing  no  external  work  a  small  current  is 
Bufficient.  If  it  ia  Bhunt-wound,  resistance  is  introduced 
into  the  field-roaguet  circuit  until  the  speed  is  the  same  it 
is  normally  driven  at  The  amount  of  current  flowiuf;  is 
then  carefully  measured,  and  also  the  t«rminal  &M.F. 
0  E,  the  product  of  the  two,  is  the  amount  of  electrical 
energy,  expreased  in  watts,  we  must  spend  on  the  machine 
in  overcoming  friction  of  all  kinds.  If  this  is  added  to 
the  electrical  losses,  the  commercial  efficiency  can  be  easily 
figured  out 

These  are  a  few  of  the  various  methodi  that  have  been 
proposed  for  dyna^Mesting.  They  have  been,  and  are  being 
daily,  modified  to  suit  varying  requirements.  They  may, 
however,  be  absolutely  relied  on  for  accuracy ;  and,  if  need 
be,  electrical  eneineerB  may  now  repay  their  old  debt  with 
interest,  and  calibrate  the  mechanical,  engineer's  dynamo- 
meter with  his  own  electrical  instruments. 


THE  EDINBURGH  EXHIBITION.—XIV. 

In  a  neat  case  at  stand  No.  83,  Mr.  James  White,  of 
Glasgow,  shows  Sir  William  Thomson's  new  standard  elec- 
tric instruments. 


each  movable  ring  is  in  the  hoiizontal  plane  noarly  mid- 
way between  the  two  fixed  rings  which  act  on  it.  The 
current  goes  in  opposite  directions  through  the  two  fixed 
rings,  so  that  the  movable  ring  is  attracted  by  one  of  the 
fixed  rings  and  repelled  by  the  other.  The  position  of  the 
movable  ring  equidistant  from  the  two  fixed  rings  ia  a 
position  of  minimum  force,  and  the  sighted  position,  for 
the  sake  of  stability,  is  above  it  at  one  end  of  the  beam 
and  below  it  at  the  other,  in  each  case  being  nearer  to  the 
repelling  than  to  the  attracting  ring  by  such  an  amount 
as  to  give  about  yh  P^  "it.  more  than  the  minimum 
force- 
In  the  balance  instruments  to  measure  alternate  currents 
(which  may  be  also  used  for  direct  currents)  of  from  one 
ampere  to  600  amperes  the  main  current  through  each 
circle,  whether  of  one  turn  or  of  mord  than  one  turn,  is 
carried  by  a  wire  rope  of  which  each  component  wire  is  in- 
sulated by  silk  covering,  or  otherwise,  from  its  neighbour, 
in  order  to  prevent  the  inductive  action  from  altenng  the 
distribution  of  the  current  across  the  transverse  section  of 
the  conductor. 

The  balancing  is  performed  by  means  of  a  weight  which 
slides  on  an  approximately  horizontal  graduated  arm  at- 
tached to  the  luilance ;  and  there  is  a  trough  fixed  on  the 
right-hand  end  of  the  balance  into  which  a  proper  counter- 
poise weight  is  placed,  according  to  the  »ui;icular  one  of 
the  sliding  weights  in  use  at  any  time.  For  the  fine  ad- 
justment of  the  zero  a  small  meUd  flag  is  provided,  as  in  an 
ordinary  chemical  balance.  This  flag  is  actuated  by  a  fork, 
having  a  handle  below  the  case  outaide,  aa  shown  in  the 


Vto.  I.— ait  Willium  ThomtoD'i  Ualucc. 


The  standard  direct-reading  electric  balances  are  founded 
on  the  mutual  forces,  discovered  by  Ampere,  between 
movable  and  fixed  portions  of  an  electric  circuit  The 
shape  'chosen  for  the  mutually -influencing  portions  is 
circular,  and  each  such  part  is  caHed  f'>r  brevity  an  ampere 
ring ;  or  sometimes  simply  a  rine,  whether  it  consists  of 
only  one  turn  or  of  any  number  o?  turns  of  the  conductor. 

In  each  of  the  balance  instruments,  except  the  Idlo- 
ampere  balance,  each  movable  ring  is  actuated  by  two  fixed 
rings- — all  three  approximately  horizontal.  There  are  two 
such  groups  of  three  rings — two  movable  rings  attached  to 
the  two  ends  of  a  horieontal  balance  arm  pulled,  one  of 
them  up  and  the  other  down,  by  a  pair  of  fixed  rings  in  its 
neighbourhood.  The  current  is  in  opposite  directions 
through  Che  two  movable  rings  to  practically  annul  disturb- 
auce  due  to  horizontal  componente  of  terrestrial  or  local 
magnetic  forces.  In  the  kilo-ampere  balance  the  whole 
current  {Msses  through  a  single  fixed  ring  and  divides 
through  two  halves  of  a  movable  ring,  which  are  urged 
one  up  and  the  other  down  by  the  resulting  amperian 
force. 

In  all  the  instruments  the  balance  arm  is  supported  by 
two  trunnions,  each  hung  by  an  elastic  ligament  of  fine 
.  wire,  through  which  the  current  passes  into  and  out  of  the 
circuit  of  the  movable  ringi  or  ring. 

In  all  the  balance  instruments,  in  which  the  movable 
ring  is  between  two  fixed  rin^,  the  mid-range  position  of 


drawing.  Fig.  1.  To  set  the  zero,  the  left-hand  weight  is 
placed  with  its  pointer  at  the  zero  of  the  scale,  and  the  flag 
is  turned  to  one  side  or  the  other  ^ntil  it  ia  found  that, 
with  no  current  going  through  the  rings,  the  balance  rests 
in  its  sighted  position. 

To  me.isure  a  current,  the  weight  is  slipped  along  the 
scale  until  the  balance  rests  in  its  sighted  position.  The 
strength  of  the  current  is  then  read  off  approximately  on 
the  fixed  scale  (called  the  inspeotional  scale),  with  aid  of 
the  finely  divided  scale  for  more  minute  accuracy.  Each 
number  on  the  inspectional  scale  is  twice  the  square  root  of 
the  corresponding  number  on  the  fine  scale  of  equal  divi- 

The  clipping  of  the  weight  into  its  proper  position  is 
performed  by  means  of  a  self- releasing  pendan^  hanging 
from  a  hook  carried  by  a  sliding  platform,  which  ia  pulled 
in  the  two  directions  by  two  silk  threads  passing  through 
holes  to  the  outside  of  the  glass  case. 

Four  pairs  of  weights  (sliding  and  counterpoise),  of  which 
the  sledge  and  its  counterpoise  constitute  the  first  pair,  are 
supplied  with  each  instrument.  These  weights  are  adjusted 
in  the  ratios  of  1 ;  4  16 :  64,  so  that  each  pair  gives  a  round 
number  of  amperes,  or  half-amperes,  or  quarter-amperies,  or 
of  decimal  subdivisions  or  multiples  of  theas  magmtudes  of 
current  on  the  inspectional  scale. 

The  useful  range  of  each  instrument  is  from  1  to  100  of 
the  smallest  current  for  which  its  sensibility  aufficos.    The 
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ranges  of  the  different  types  of  thi8  instrument  regularly 
made  a 


I.  Centi-ampere  balance :  from  1  to  100  centi-amperes. 
II.  Deci-ampere        „  „    1  to  100  deci-amperes. 

in.  Deka-ampere       „  „     1  to  100  amperes. 

IV.  HektxHimpere     „  „    6  to  600        „ 

V.  Kilo-ampere        „  „     25  to  2,500   „ 

VI.  Composite  „  „     02  to  500      „ 

and  from  100  to  25,000  watts  (at 

100  volte). 

The  following  table  shows  for  each  type  of  instrument 
the  value  per  division  of  the  inspectional  scale  correspond- 
ing to  each  of  the  four  pairs  of  weighte : 


L 

CeDtl*ain- 
pamper 
dlilBlon. 

Ist  pair  of  weighte  "25 
2nd  „  -60 

3pd  „  1-0 

4th  ..  2-0 


>• 


BL          m.           IV.  V. 

Ded-am-     Ampertt      Amperes    Amperes 

peresper         per              per  per 

dlTision.       diTlsioD.     dinsion.  division. 

•26     ...       •25    ...      1*6  ...      5 

•5      ...      '5      ...      3-0  ...     10 

1-0      ...     1*0      ...      6-0  ...    20 

2-0      ...    2*0      ...     12-0  ...    60 


The  fixed  inspectional  scale  shows,  approximately 
enough  for  most  purposes,  the  strength  of  the  current; 
the  notches  in  the  top  of  the  aluminium  scale  show  the 
precise  position  of  the  weight  corresponding  to  each  of 
the  numbered  divisions  on  the  fixed  scale,  which  practically 
annuls  error  of  parallax  due  to  the  position  of  the  eye. 
When  the  pointer  is  not  exactly  below  one  of  the  notches 
corresponding  to  integral  divisions  of  the  inspectional 
scale,  the  proportion  of  the  space  on  each  side  to  the 
space  between  two  divisons  may  be  estimated  inspec- 
tionally  with  accuracy  enough  for  almost  all  practical 
purposes.  Thus  we  may  rmlily  read  off  34'2  or  34'7 
by  estimation  with  little  chance  of  being  wrong  by  one 
in  the  decimal  place.  But  when  the  utmost  accuracy 
is  required,  the  reading  on  the  fine  scale  of  equal  divisions 
must  be  taken,  and  the  strength  of  current  calculated  bv 
aid  of  the  table  of  doubled  square  rooto  supplied  with  each 
instrument  given  out. 

The  centi-ampere  balance,  with  a  thermometer  to  test  the 
temperature  of  ite  ampere  rings,  and  with  platinoid  resist- 
ances up  to  1,600  ohms,  serves  to  measure  potentials  of 
from  10  volte  to  400  volte. 

Constant  or  ths  Genti-Amfsrb  Balakob  whin  used  as  a 

VOIZTMBTXB. 

ur^t^t.*.  ..^  Resistance  in    Volte  per  division 

Weight  used.  circuit.*  of  fiiS  scale. 

Sledge  alone    400  1*0 

„                800  2-0 

„                1,200  3-0 

„                1,600  4-0 

*  Inolnding  resistence  of  the  instrument,  which  is  about  50  ohms. 

If  the  sledge  and  the  second  weight  is  used  the  constente 
will  be  double  of  those  noted  above. 

A  set  of  four  sliding  weighte,  of  which  the  carriage  con- 
stitutes one,  is  supplied  with  each  instrument.  The  car- 
riage is  fitted  with  an  index  to  point  to  the  movable  scale, 
and  is  intended  to  remain  always  on  the  rail.  One  or 
other  of  the  weighte  is  to  be  placed  on  the  carriage  in  it 
in  such  a  way  that  the  small  hole  and  slot  in  the  weight 
pass  over  the  conical  pins.  The  weighte  are  moved  by 
means  of  a  slider,  which  slides  on  a  rail  fixed  to  the  sole- 
plate  of  the  instrument  and  carries  a  pendant  with  a  ver- 
tical arm  intended  to  pass  up  through  the  recteneular 
recess  in  the  front  oi  the  weight  and  carriage.  The  slider 
and  weight  are  shown  in  position  in  the  figure.  The  slider 
is  movM  bysilk  cords  which  pass  out  at  the  ends  of  the 
glass  case,  when  the  cords  are  not  being  pulled  for  shift- 
ing the  weight,  their  ends  should  be  left  free  so  that  the 
pendant  may  hang  clear  of  the  weight.  When  a  weight  is 
to  be  placed  on  or  removed  from  the  carriage,  the  slider 
should  be  drawn  forward  at  the  top  until  it  is  clear  of  the 
weight,  and  then  pushed  to  one  side  until  the  weight  is 
adjusted,  when  it  may  be  replaced  in  position  in  a  similar 
manner. 

Cylindrical  counterpoise  weighte  with  a  crossbar  passed 
through  them  are  supplied  for  the  purpose  of  balancing 
the  sliding  weighte  when  they  are  placed  at  the  zero  of  the 
scale.  The  sliding  weight  snould  be  placed  so  that  the 
index  of  the  carriage  pointe  to  the  zero  of  the  scale,  and 


the  proper  counteqMise  weight  should  be  placed  in  the 
trough,  fixed  to  the  right-hand  end  of  the  beam,  with  ite 
crossbar  Passing  through  the  hole  in  the  bottom  of  the 
trough.  The  flag  which  is  atteched  to  the  cross  trunnion 
of  the  beam  should  then  be  turned  by  means  of  the  handle 
projecting  from  under  the  sole-plate  until  the  index  on  the 
end  of  the  movable  scale  pointe  to  the  middle  one  of  the 
five  black  lines  on  the  fixed  scale  opposite  to  it  Care  must 
be  teken  when  making  this  adjustment  that  the  fork  which 
moves  the  flag  is  not  left  in  contact  with  it,  as  this  would 
impede  the  free  swing  of  the  beam.  The  fork  should  be 
turned  back  a  little  uter  each  adjustment  of  the  flag,  and 
when  the  flag  is  being  adjusted  it  is  better  to  watch  the 
flag  iteelf,  and  make  successive  small  adjustmente  until  the 
beam  stends  at  zero,  than  to  make  successive  trials  by  push- 
ing round  the  handle  while  watching  the  position  of  the 
index. 

If  the  ligament  has  stretched  'since  the  instrument  was 
stendardised,  the  index  at  one  end  of  the  movable  scale  will 
be  found  to  be  below  the  middle  line  oh  ite  vertical  scale 
when  the  index  at  other  end  is  correctly  pointing  to  the 
zero  position.  The  error  so  introduced  would  be  a  small 
one,  but  it  ma^  be  easily  put  right  by  slightly  loosening 
the  screws  fixmg  the  pillared  frame  which  supports  the 
movable  beam  to  the  base-plate,  and  raising  it  by  slipping 
one  or  two  thicknesses  of  paper  below  it  until  the  indices 
simultaneously  point  to  their  zero  position. 

In  using  the  centi-ampere  balance  as  a  voltmeter,  when 
great  accuracy  is  required,  care  must  be  taken  that  the 
effect  of  change  of  temperature  in  changing  the  resistance 
of  the  coils  of  the  instrument,  and  of  the  external  resistance 
coils,  is  allowed  for ;  and  in  this  use  of  the  instrument  it  is 
advisable  to  employ  currente  such  as  can  be  measured  by 
the  lightest  weight  on  the  beam.  When  the  instrument  is 
to  be  used  as  a  voltmeter,  four  resistences  are  provided, 
three  of  which  are  each  400  ohms,  and  the  four^  is  less 
than  400  ohms  by  the  resistence  of  the  coils  of  the  instru- 
ment at  a  certein  specified  temperature.  The  smallest 
resistence  is  intended  to  be  included  by  itself  in  the  circuit 
when  the  lowest  potentials  are  being  measured,  and  in  series 
with  one  or  more  of  the  others  when  the  potential  is  so 
high  as  to  give  a  stronger  current  than  can  be  measured 
with  the  lightest  weight  on  the  beam.  The  correction  for 
temperature  is — ^for  uie  copper  coils  of  the  balance  about 
0*38  per  cent,  per  degree  centigrade,  and  for  the  platinoid 
resistences  about  0*024  per  cent,  per  degree  centigrade. 

The  composite  balance  is  similar  in  form  to  the  centi  and 
deci-ampere  balances,  but  the  pair  of  fixed  coils  at  one  end 
of  the  beam  are  made  of  a  rope  of  insulated  wires  similar 
to  that  used  for  the  coils  of  the  hekto-ampere  balance. 
Separate  electrodes  are  provided  for  the  rope  coils  and  for 
the  fine  wire  coils.  A  switch  which  allows  the  movable 
coils  either  to  be  included  in  the  circuit  by  themselves  or  in 
series  with  the  fixed  fine  wire  coils  is  attached  to  the  under 
side  of  the  sole-plate  of  the  instrument.  When  the  handle 
of  the  switch  is  turned  to  "  Watt,"  the  movable  coils  alone 
are  in  the  circuit ;  but  when  the  handle  is  turned  to  "  Volt^" 
both  the  movable  and  the  fixed  fine  wire  coils  are  in  the 
circuit  The  composite  balance  can  be  used  as  hekto-ampere 
balance,  or  as  a  wattmeter,  or  as  a  voltmeter. 

To  use  the  instrument  as  a  centi-ampere  meter  or  as  a 
voltmeter  the  switch  is  turned  to  "  Volt, '  and  one  or  other 
of  the  weighte  marked  V.W^,  V.W,,  V.  Wj,  used.  The  cur- 
rent  flowing  through  the  instrument  is  then  to  be  calcu- 
lated from  the  constent  given  in  the  certificate  sent  with 
the  instrument  The  volte  on  the  terminals  are  calculated 
from  the  current  in  amperes  and  the  resistence  in  ohms 
(including  the  anti-induction  resistence,  if  any)  in  circuit. 
If  V  be  volte,  C  current,  and  R  resistence. 

V  =  CR 

To  use  the  instrument  as  a  hekto-ampere  meter  the  switch 
is  turned  to  *'  Watt "  and  the  thick  wire  coUs  inserted  in 
the  current  circuit  in  such  a  way  that  the  right-hand  end 
of  the  beam  is  repelled  up.  Either  the  sledge  alone  or  the 
weight  marked  W  W  is  to  be  used  in  this  case.  A  mea- 
sured current  is  then  passed  through  the  suspended  coils 
and  the  constente  given  in  the  certificate  for  the  balance 
used  in  this  way  are  calculated  on  the  assumption  that  this 
current  is,  as  there  steted,  0*25  amperes.  Any  other  cur- 
rent which  is  convenient  in  the  circumstances  may  be  used. 
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and  if  this  current  be  0  amperes  the  corresponding  con- 
stant is  obtained  by  multiplying  the  constant  given  in  the 
certificate  by  C/-25  or  4  C.  The  current  through  the  sus- 
pended coils  may  be  measured  by  means  of  the  instrument 
Itself  arranged  lor  the  measurement  of  volts.  This  may 
be  done  by  first  measuring  the  current  which  the  difference 
of  potential  between  the  supply  conductors  of  an  electrical 
installation,  or  between  the  poles  of  a  battery,  causes  to 
flow  through  the  coils  of  the  instrument  and  its  external 
resistance,  and  then  turning  the  switch  to  "  Watt,"  and  at 
the  same  time  introducing  a  resistance  into  the  circuit  equal 
to  the  resistance  of  the  fixed  coils. 

To  use  the  instrument  as  a  wattmeter  one  terminal  of 
the  fine  wire  coils  is  joined  to  one  end  of  the  anti-inductive 
resistance  and  the  other  terminal  to  one  of  the  leads,  the 
other  end  of  the  resistance  being  joined  to  the  other  lead. 
The  thick  wire  coils  are  inserted  in  the  main  circuit.  With 
the  instrument  thus  joined  up,  the  current  through  the 
suspended  coils  and  ihe  KM.F.  between  the  leads  may  be 
obtained,  since  the  presence  of  the  thick  wire  coil  in  the 
circuit  causes  no  appreciable  error ;  or  the  KM.F.  may  be 
taken  from  the  electrostatic  voltmeter  used  on  the  circuit, 
and  from  its  indications  the  current  in  the  suspended  coil 
circuit  calculated.  The  watts  are  then  to  be  calculated  from 
the  E.M.F.  on  the  leads  and  the  current  through  the  thick 
wire  coils  by  the  formula 

W«VC  =  cCE, 

where  c  is  the  current  in  the  suspended  coil  circuit,  0  the 
current  in  the  thick  wire  coils,  ana  B  the  resistance  in  the 
circuit 


FACTORY  LIOHTINO. 


English  millowners,  unlike  their  foreign  competitors,  are 
apparently  slow  to  avail  themselves  of  the  benefits  of 
electric  lighting,  and  theirs  is  the  loss.  To  show  the 
advantages  of  its  use,  the  Blackburn  Corporation,  in  the 
very  centre  of  the  Lancashire  cotton  industry,  some  time 
ago  addressed  a  circular  to  various  cotton  manufacturers  at 
home  and  abroad  who  use  the  electric  light,  for  the  pur- 
pose of  obtaining  definite  information  as  to  results  of 
electricity  compared  with  the  use  of  gas.  These,  without 
exception,  showed  in  favour  of  the  newer  illuminant. 
Thanks  are  due  to  this  public-spirited  local  body,  and  their 
action  has  resulted  in  several  new  installations  among  the 
cotton  mills  of  Lancashire.  Still  there  is  an  inactivity 
among  manufacturers  as  a  body,  which  is  probably  due  to 
the  feeling  of  disinclination  to  change. 

Many  reasons  could  be  given  to  further  convince  those 
who  are  favourably  inclined  towards  the  lighting  of  mills 
by  electricity,  and  these  reasons,  already  strong,  become 
stronger  in  the  cases  where  special  goods  are  manufactured. 
It  is  well  known  that  the  making  of  certain  coloured  ^oods 
ceases  with  daylight ;  the  blending  of  colours  is  practically 
impossible  by  gas  light ;  the  consequence  is  the  worker  has 
to  throw  aside  an  incomplete  piece  of  work,  which  must  be 
harmful,  and  take  up  another  piece. 

In  order  to  obtain  authentic  information  on  the  subject 
we  have  corresponded  with  owners  in  the  North  of  England 
as  to  the  results  of  the  electric  lighting.  We  were 
supplied  by  one  firnr  with  the  annexed  details.  "The 
light  is  preferable  to  gas  on  account  of  the  almost  perfect 
immunity  from  fire,  on  account  of  the  coolness  and  purity 
of  light.  The  slightest  differences  of  colour  or  shaae  are 
easily  detected  under  the  electric  light,  which  could  not 
possibly  be  done  if  using  gas.  Then,  again,  the  pure  stato 
of  the  atmosphere  has  improved  the  stamina  of  the  opera- 
tive, which  is  a  valuable  consideration."  This  itom,  with- 
out any  advocacy  on  our  part,  proves  that  electric  lighting 
in  factories  is  superior  to  gas. 

The  three  distinct  advantages  claimed  by  one  of  our 
correspondents,  who  we  may  say  has  used  the  electric  light 
for  a  long  period,  should  have  great  weight  in  the  con- 
sideration 01  owners  of  factories.  It  is  a  good  deal  to  sav 
that  a  mill  is  less  likely  to  be  destroyed  by  fire  than  it 
was  under  a  previous  systom  of  lighting.  As  to  the  cool- 
ness and  comparative  purity  of  the  air,  it  has  been  proved 
again  and  again  by  medical  statistics  that  the  stuffy  stato  of 


factories  is  responsible  for  a  good  deal  of  the  mortality  and 
decav  which  is  so  prevalent  among  those  whose  lot  it  is  to 
toildsty  aftor  day  atthelooms.  This  may  not  be  so  stronga 
reason  to  employers  as  the  previous  one,  but  when  we  show 
that  theimprovement  of  the  con  iitions  under  which  employ^ 
labour  must  affect  the  quality  and  quantity  of  work  done, 
it  will  have  its  due  effect  Ajb  to  the  third  advantage  claimed, 
the  making  of  coloured  pieces  under  artificial  light,  it  is  a 
boon  bettor  appreciated  bv  the  maker  than  we  can  toll. 

The  question  of  cost,  however,  in  all  fairness  must  be 
allowed  to  be  the  first  considered,  though  we  must  object 
to  a  comparison  with  the  cost  of  gas.  It  would  not  be  just 
to  compare  the  figures  of  a  year's  electric  lighting  witJi  a 
year's  gas.  It  is  most  probable  that  considerably  less  was 
paid  for  the  older  illuminant,  but  are  we  not  to  reckon 
abstract  advantages  in  the  way  of  the  improved  condition 
of  Uie  operative  1  also  the  quantitv  of  coloured  pieces 
finished  by  the  aid  of  the  electric  light  This  should  be 
placed  to  its  credit,  and  as  immunitv  from  fire  is  obtained, 
that  should  stand  for  a  good  deal.  iNaked  lights  are  always 
considered  a  souree  of  danger,  and  by  the  use  of  electricity 
they  are  abolished. 

The  cost  of  maintaining  electric  light  plant  in  a  factory 
should  be  small.  There  are  always  in  these  places  good 
mechanics  at  hand  who,  with  the  exercise  of  a  uttle  discre- 
tion, will  speedily  repair  any  slight  breakdown.  Steam 
power  is  on  the  premises,  and  very  few  engines  are  running 
at  full  pressure.  With  these  and  many  other  advantages, 
it  should  not  be  long  before  there  is  installed  in  most  fac- 
tories a  good  systom  of  electric  lightinfj^  well  repaying  its 
owner  for  the  trouble  and  expense  entailed  at  the  installa- 
tion. 


CORRESPONDENCE. 


THE  APPLICATION  OF  ELECTBICAL  ENDOSMOSE 
TO  THE  TBEATMENT  OF  GOUTY  CONOEETION. 

To  THE  Editor  of  thk  Elsctrical  Enginxrr. 

Sir, — In  view  of  the  communication  of  Mr.  Edison  on 
the  above  subject  made  to  the  International  Medical  Con- 
gress at  Berlin,  I  should  feel  obliged  if  you  will  grant  me 
a  little  space  to  stato  that  this  form  of  electrical  treatment 
has  been  in  regular  practice  here  for  many  months,  and 
was  brought  from  its  experimental  to  its  practical  stage  hj 
Dr.  Arthur  Harries  and  myself  some  time  before  the  expen- 
ment  described  by  Mr.  Edison. 

The  name  given  to  this  treatment  by  Dr.  Harries,  and 
adopted  by  the  institute,  is  "  Catephoric  Medication,"  and 
by  this  name  it  has  been  publicly  mentioned  on  the  follow- 
ing (and  other)  occasions : 

November  5th,  1889. — ^At  a  lecture  delivered  here  by 
Dr.  Harries,  on  "The  Physiological  Action  of  the  Con- 
tinuous Current." 

December  11th,  1889. — ^Letter  in  Medical  Press  and 
Circular^  by  Dr.  Hsurries. 

December  19th,  1889.— Address  to  City  Guilds  Old 
Students'  Association,  by  H.  Newman  Lawrence.  Pub- 
lished in  Eledrkd  Beviewol  December  27th,  1889. 

January,  1890.— Letter  in  JFhUehaU  Beview,  by  H.  New- 
man Lawrence. 

That  Mr.  Edison  should  interest  himself  in  the  matter, 
and  that  the  Berlin  Medical  Congress  should  consider  it  of 
sufficient  importance  to  be  made  public  at  ito  meeting,  is 
very  gratifying  to  this  institute  and  ite  officers,  who  hiebve 
for  some  time  past  been  practising  tiiis  importent  advance 
in  electro-therapeutics  which  these  great  authorities  appear 
to  have  only  just  thought  of. — ^Yours,  ete., 

H.  Newman  Lawrbnob,  managing  director. 
The  Institute  of  Medical  Electricity,  Limited,  35,  Fitsroy- 
square,  London,  W.,  August  26th,  1890. 


Pragae. — The  Municipal  Council  of  Prague  have 
granted  a  concession  to  M.  Franz  Erizik  to  establish  an 
electric  tramway  between  the  Belvedere  and  the  Baum- 
garten.  This  tramway  will  be  running  on  the  occasion  of 
an  exhibition  which  is  to  take  place  in  Prague  next  year. 
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THE  BRITISH  ASSOCIATION. 

After  a  lapse  of  thirty-two  years  the  British  Asso- 
ciation meets  once  more  at  Leeds.    Oat  of  the  list 
of  members  given  in  the  issue  of  the  Proceedings  for 
1889,  about  one-tenth  were  members  at   the  last 
Leeds  meeting,  though  many  of  the  most  prominent 
members  and  active  workers  have  passed    away. 
The  annual  meeting  of  the  association  has  a  double 
function — on  the  one  hand,  it  brings  the  scientific 
world  together  for  a  week's  social  intercourse ;  on  the 
other,  it  provides  time  for  verbal  war&re,  amusing 
and  harmless  enough  in  many  instances,  instructive 
in  others,  and  extremely  valuable  in  a  few.    Here 
the  younger  generation  of  8aA)ants  are  permitted  to 
air  their  views  to  reporters,  a  few.friends,  and  empty 
benches.    These  sham  fights  help  them  to  overcome 
stage  fright — ^prepture  them  for  sterner  criticisms 
when  appearing  before  less  mixed  audiences.     The 
townsfolk  look  upon  the  whole  afihir  as  a  holiday. 
For  the  benefit  of  science  they  become  associates  or 
members,  and  patronise  each  section  in  turn  for  the 
first  day,  though  ever  after  fighting  shy  of  A  and  G. 
The  stturs  in  these  sections  have  courses  of  their  own 
which  appeal  little  to  the  popular  taste,  while  Sec- 
tions E  and  F  generally  provide  pabulum  suited  to 
their  tastes.    Let  it  be  whispered,  many  who  are 
compelled  to    remain  in  A  or  G  would   probably 
prefer  to  hear  fewer  papers,  and  to  hear  the  subjects 
of   these   papers  properly   treated    and   discussed, 
rather  than,    as    now,  to  have  to  get  through  a 
larger   number    of     papers   in   the    helter-skelter 
way  that  sometimes  occurs.      Say  ten  papers  are 
down  on  the  programme,  it  too  frequently  happens 
that  the  first  or  the  first  and  second  papers  take  up 
three  parts  of  the  time,  while  the  other  eight  papers 
are  crammed  into  the  remaining  quarter.    We  will, 
however,  say  of  Section  G  that    it    is  admirably 
managed.     Almost  without  exception  abstracts  or 
copies  of  the  papers  can  be  obtained,  rendering  it 
simple  for  the  audience  to  understand,  and  much 
easier  for  those  connected  with  the  press  to  report . 
Each  section  is  generally  fiilly  reported  by  special 
papers,  so  that  ofttimes   the  reading  public,  not 
attending  the  meeting,  is  in  a  better  position  to 
estimate  the  value  of  a  man's  paper  than  the  audience 
before  which  it  is  read  in  haste.    It  is  impossible 
to    satisfactorily   put    two    days'    work   into   one, 
and  although  the  number  of  papers  may  show  the 
activity  of   scientific    investigation,  it  is  not   cre- 
ditable to    the    association   to    be    compelled    to 
hurry  without  an  effort  to  digest.    Another  reform 
urgently  needed  is  a  break  of  a  few  minutes  for 
luncheon.     The  day's  sectional  work  lasts  from 
to  3  or  3.30.    There  is  no  break.    One  paper  is  read, 
discussed,  and  the  next  called  on.     The  paper  that 
you  particularly  want  to  hear  is  not  the  first  nor  the 
last,  but  the  one  that  happens  to  come  at  the  ordi- 
nary luncheon  time.    We  would  suggest  an  interval 
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of  16  minutes — about  1  o'clock — ^which  would  give 
about  two  hours  for  papers  before  and  a  similar 
period  after  the  interval.  It  is  not  the  officials  that 
8u£Eer,  they  arrange  their  "  sentry  go  "  admirably. 
But  if  grumbling  at  minor  troubles  is  the  order 
of  the  day  there  would  be  no  end;  it  is  better 
perhaps  to  look  philosophically  on  all  these  matters, 
agreeing  with  Pope  that : 

'*  Whatever  iB  is  right.'* 

It  is  not  often  possible  to  foretell  the  amount  of 
interest  a  specific  subject  will  create  at  the  associa- 
tion, but  during  the  past  ten  years  or  so  electricity 
has  played  a  very  prominent  part  at  these  meetings. 
The  two  most  important  papers  as  yet  known  seem 
to  be  that  of  Prof.  Ewing  on  "  The  Molecular 
Theory  of  Induced  Magnetism,"  and  that  of  General 
Webber  on  "  Electrical  Distribution  "—the  former 
will  be  read  in  Section  A,  the  latter  in  Section  G.  A 
number  of  electrical  papers  are  promised,  but  as  we 
hope  to  give  them  fully  in  due  course  it  is  un- 
necessary to  attempt  to  discount  their  value.  There 
wiU,  we  are  told,  probably  be  a  discussion  on  "Elec- 
trical Units,"  a  subject  to  electricians,  like  the 
weather  to  the  general  public,  always  new  and  never 
exhausted.  The  set  discussions  are  grand  fun. 
Two  tried  warriors  take  opposite  sides,  and  proceed 
to  demolish  each  other  and  each  other's  theories  in 
a  gentlemanly  manner.  The  "asides"  and  the 
interpolated  ejaculations  are  worthy  of  the  House 
of  Commons;  the  final  result  being  also  very 
similar,  agreeing — after  an  infinite  expenditure  of 
verbal  energy — to  differ. 

Leeds  is  proceeding  with  the  well-known  hospi- 
tality of  Yorkshire  to  provide  for  the  comfort  and 
convenience  of  the  expected  guests,  and  if  there 
should  be  found  something  lacking  in  details,  it 
will  not  be  from  the  want  of  energy  on  the  part  of 
the  hosts. 


THE  HOPKINSON  DISCLAIMER. 

The  result  of  the  judgment  given  by  the 
Comptroller-General  of  Patents  on  the  Hopkinson 
disclaimer  suit,  is  practically  against  the  brothers 
Hopkinson.     The  view  taken  by  the  Law  Courts 

I  with  regard  to  sweeping  electrical  patents  seems  to 
be  setting  against  general  claims,  and  however  we 
may  sympathise  with  inventors  who  would  wish  to 
reap  the  widest  reward  in  royalties  for  what  they 
consider  a  great  discovery,  yet  it  is  distinctly  to  the 
benefit  of  the  industry  not  to  be  so  hampered.  The 
present  patent,  14,233, 1884,  was  one  for  an  improved 
method  of  regulating   induction    coils,  in    which 

^  lamination  of  the  dosed  magnetic  circuit  was  an 
essential  and  novel  part.  Since  that  time  great 
strides  have  been  made  with  induction  coils,  and 

'  transformers  in  the  present  shape  have  been  evolved. 
*I?hese  in  present  practice  use  a  laminated  dosed 


magnetic  circuit,  and  if  the  patent  could  be  shown  to 
bear  upon  the  present  transformers,  it  would  con- 
stitute the  master  patent  for  these  necessary  pieces 
of  apparatus,  now  made  by  all  makers  of  alternate- 
current  systems.  In  the  disclaimer,  therefore,  the 
words  "  for  use  in  electric  distribution,"  and  corres- 
pondingjclaim,  were  sought  to  be  inserted  so  that  it 
would  be  clear  that  the  claim  referred  to  what  is  now 
known  as  transformers;  sundry  verbal  alterations 
were  also  made,  several  other  words  referring  to  the 
new  claim  were  added,  and  several  claims  were 
disclaimed.  The  verbal  alterations  of  "control" 
for  "  contact,"  and  "  mutual "  instead  of  "  neutral " 
(induction  coil)  are  allowed ;  as  also  is  the  alteration 
of  the  statement  of  the  direction  of  lamination  from 
"perpendicular"  to  "parallel"  (to  the  lines  of 
force),  as  evident  from  the  description  and  drawings. 
But  the  insertion  of  the  words  directly  referring  to 
"  electric  distribution  "  are  disallowed,  and  so  also 
is  the  clearer  claim  thereby  made.  There  were 
several  opponents  -  the  Electric  Engineering  Com- 
pany (acting  for  themselves  and  several  well-known 
firms).  The  Brush  Electrical  Company,  Messrs. 
Siemens  Bros.,  and  Messrs.  Johnson  and  Phillips. 
Not  all  were  agreed  in  objecting  to  the  minor  altera- 
tions now  allowed,  but  all  were  unanimous  against 
the  insertion  or  modification  of  the  claim,  and  are, 
as  seen,  successful  in  their  combined  objections. 


THE  REPORT  TO  WI6AN  TRAMWAY  DIRECTORS. 

It  is  often  surprising  how  cleverly  a  judge  picks 
out  the  salient  points  of  a  case  which  seems  under- 
standable only  to  experts.  In  other  lines  of  life 
common  sense  and  a  fair  acquaintance  with  business 
frequently  leads  investigators  to  a  just  conclusion. 
It  is  dangerous,  however,  for  one  who  is  not  an 
expert  to  enter  upon  explanations  of  phenomena  with 
which  he  is  unfamiliar.  A  carefrd  perusal  of  the 
report  of  the  chairman  of  the  Wigan  Tramways  to  his 
co-directors  on  the  Canning  Town  eleictric  trams 
shows  that,  while  it  contains  a  good  deal  of  matter 
that  is  worthy  of  all  consideration,  it  also  contains 
some  weak  points  which  a  ftdler  knowledge  of  the 
subject  would  enable  the  reporter  to  pass  over  with- 
out remark.  The  smnmary  shows  at  once  his 
strength  and  his  ^e^^.  A  general  sweeping 
condemnation  like  his  first  conclusion  ought  never 
to  be  given.  The  loss  after  the  accumulators  are 
once  in  working  order  can  be  any  percentage  of  the 
energy  of  recharge  you  please.  In  other  words,  the 
accumulator  can  at  will  be  made  to  show  a  very 
great  or  a  very  poor  efficiency.  A  report  of  this 
kind  should  certainly  say  something  about  the  per- 
centage of  loss.  Then  number  three  is  hardly 
correct.  Accumulators  do  not  require  skilled  labour 
to  work  them,  though  it  might  be  hdd  they  require 
such  labour  to  charge  them ;   and  again,  it  may  be 
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doubted  whether  a  little  more  knowledge  would  not 
modify  the  fourth  conclusion.  However,  while  it 
may  be  admitted  that  certain  forms  of  accumulators 
do  not  stand  shocks  and  bumps,  why,  in  the  name  of 
all  that's  good,  are  accumulators  of  other  types  to  be 
summarily  condemned  ?  It  has  been  said  that  the 
electric  tram  work  at  Canning  Town  shows  a  profit. 
It  has  also  been  said.  Yes,  shows  a  profit  when 
depreciation  is  not  considered.  Mr.  Johnson  is  not 
the  only  one  who  would  like  to  have  actual  facts  and 
figures  as  regards  depreciation.  At  the  same  time 
it  must  be  remembered  that,  in  order  to  obtain 
business,  it  may  turn  out  this  particular  work  was 
accepted  at  a  much  lower  price  than  was  necessary, 
or  that  might  have  been  had  for  the  asking.  If  Mr. 
Johnson  requires  exact  information,  why  does  he 
not  go  to  such  a  man  as  Mr.  Beckenzaun,  who 
probably  knows  more  than  any  other  man  living  the 
capabilities  of  electric  tramways.  Get  such  an 
expert's  opinion,  and  then  compare  his  opinion  with 
the  practice  on  existing  lines.  He  will  tell  you  why 
many  £EkiI,  and  how  simple  is  the  remedy.  Just  as 
well  condemn  a  cart  because  a  pin  or  a  spoke  drops 
out,  or  a  tire  comes  off.  Thus  Mr.  Johnson's 
report  may  convince  his  co-directors,  but  it  ought  to 
convince  nobody  else,  because  it  condemns  that 
which  is  not  necessarily  common  to  all  electric 
trams,  and,  in  £B.ct,  is  less  in  use  than  the  non-self- 
containable  system. 


c< 
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NOVELISTS'  SCIENCE. 

In  a  novel,  entitled  ''  The  Snake's  Pass,"  which 
is  running  its  course  through  the  pages  of  a  number 
of  newspapers,  the  author  trespasses  upon  scientific 
ground.  He  describes  the  search  after  treasure  by 
means  of  a  magnet.    This  is  how  they  search  a  bog. 

"  We  have  poles  on  opposite  sides  of  the  bog  with 
lines  between  them.  The  magnet  is  fixed,  suspended 
from  a  free  wheel,  and  I  let  it  down  to  the  centre 
from  each  side  in  turn.  If  there  were  any  attraction 
I  should  feel  it  by  the  thread  attached  to  the  magnet 
which  I  hold  in  my  hand." 

It  is  something  like  fishing." 
Exactly." 

This  is  the  novelist's  way  of  fishing  for  treasure. 
We  suppose  the  treasure  was  placed  in  iron  boxes. 
If  in  wooden  ones,  or  jars,  or  bags,  a  magnet  would 
not  be  of  much  service.  However,  at  this  point  of 
the  story  nothing  more  remarkable  has  been  dis- 
covered than  the  tire  of  a  wheel.  It  is  something 
to  find  a  novelist  dabbling  in  magnetism,  that 
wonderful,  that  mysterious  power  which  has  so  long 
guided  the  mariner  in  safety  over  the  trackless  paths 
of  the  ocean.  The  expert  is  engaged  to  find  '*  iron  " 
hidden  in  the  ground.  The  ubiquity  of  electricity  is 
astounding.  Soon  it  will  have  made  its  mark  every- 
where and  its  use  become  so  common  that  no 
curiosity  will  be  aroused. 


COMPARATIVE  TESTS  OF  DIFFERENT  ACCUMU- 
LATORS. 


Although  DomerouB  results  have  been  published  of  the 
best-known  accumulators  it  has  not  been  without  interest 
to  again  undertake  a  series  of  simultaneous  tests  of  different 
types  of  accumulators,  so  as  to  be  able  to  compare  them 
one  with  another,  so  far  as  such  a  comparison  is  possible. 
This  work  has  been  carried  out  by  M.  R  Kopp,  and  recently 
published  in  La  LurrUire  Eledrique,  The  following  is  a  risumd 
of  this  work  by  M.  Qaston  Rouz,  translated  from  PEledricien 
of  August  23rd.  This  indicates  simply  the  method 
followed  in  the  experiments,  the  data  relative  to  the  accu- 
mulators tested,  and  the  results  obtained. 

The  researches  were  made  principally  upon  the  accumu- 
lators of  the  OerUkon  Works,  Zurich ;  tne  Huber  accumula- 
tor manufactured  at  Marly-le-Orand  ;  the  Julien  accumula- 
tors made  by  the  Soci^t^  Electrique  of  Brussels ;  and  the 
Tudor  accumulators  made  by  Messrs.  Busche  and  Miiller, 
of  Hagen,  Westphalia. 

They  were  carried  out  at  the  physical  laboratory  of  the 
Polytechnicum  Confederatif  of  Zurich. 

In  all  the  tests  the  KM.F.  and  the  difference  of  potential 
were  measured  by  means  of  a  Wiedemann  galvanometer, 
carefully  calibrated,  and  of  high  resistance  (20,000  ohms). 

The  current  strength  was  measured  by  means  of  a  tan- 
gent galvanometer  with  eccentric  magnet    The  resistance 

E  —  (5 

was  calculated  by  the  general  formula,  r «  — - — .    But  the 

difference,  E-f,  at  the  middle  of  the  discharge  only 
attained  some  lOOths  of  a  volt,  so  that  considerable  uncer- 
tainty attended  this  value.  Ilie  charge  was  stopped  when 
the  E.M.F.  ceased  to  sensibly  increase,  and  the  discharge 
was  carried  to  the  point  when  the  E.M.F.  fell  to  1*85  volts. 

Oerlikon  Accumulaiars. — ^The  tests  were  made  on  three 
distinct  types  of  cells  from  the  Oerlikon  Works — one  type 
of  the  old  manufacture,  one  of  the  new  gelatinous  electro- 
lyte,  and  a  new  type  of  liquid  electrolyte. 

The  first  being  naturally  less  efficient  than  the  two  others, 
will  not  be  further  referred  to. 

The  accumulator  with  liquid  electrolyte  was  composed  of 
seven  positive  plates  and  eight  negatives,  of  the  dimensions 
14*5  X  14'8  cm.,  0*6  cm.  in  thickness.  These  plates  were 
disposed  in  an  hermetically  sealed  ebonite  box,  having  a 
space  of  0*9  or  1  cm.  between  each  plate.  These  accumu- 
lators were  destined  for  the  lighting  of  the  night  trains 
running  from  Zurich  to  Oeneva. 

The  weight  of  the  plates  was  H'4  kilogrammes,  and  that 
of  the  accumulator  filled,  20*4  kilogrammes. 

Some  10  preliminary  charges  and  discharges  were  first 
given;  then  the  accumulator  was  overcharged  and  dis- 
charged to  an  E.M.F.  of  1*90  volts.  The  density  of  the 
solution  varied  from  1*17  to  1*25.  The  charging  current 
was  about  18  amperes,  and  that  of  discharge  was  14^5 
amperes.    The  following  are  the  results,  calling 

Q    the  number  of  ampere-hours  c^ven  in  charge. 

Q^  the  number  of  ampere-hours  given  back  in  discharge. 

W^  the  work  in  ampere-hours  /%^  !«  <U  expended  during  charge. 

W^  the  work  in  ampere-hours,  yi^  I^  dt  given  back  during  dis- 
charge. 
17     the  efficiency  in  quantity. 

i;^  the  efficiency  in  energy. 

^^t^       Qc  Qd  W^  W^  ^q  % 

1 136-92  ...  190*31  ...  903-9  ...  255*0  ..    95-9  ..    83*9 

2 138*66  ...  123*69  ...  3101  ...  242*7  ...  89*2  ...  78*3 

3 137-67  ...  12579  ...  308*7  ...  254*3  ...  91*6  ...  79-5 

The  Oerlikon  Works  have  now  for  some  time  been 
manufacturing  accumulators  with  gelatinised  electrolyte, 
obtained  by  mixing  three  volumes  of  acid  of  density 
1*1  with  one  to  three  volumes  of  silicate  of  soda  of 
density  1*2. 

The  mixture  is  poured  into  a  mould  and  allowed  to 
stand  for  a  few  minutes.  Then  it  is  cut  into  slices  of  the 
thickness  of  the  space  between  the  plates ;  these  slices  are 
placed  between  the  plates  and  all  empty  spaces  filled  up. 
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The  Qecesaity  baa  been  found  of  keeping  thia  jell;  always 
moist  by  sprinkling  it  with  water  from  time  to  time.  Such 
an  elecbvlyte  haa  the  advantage  of  not  being  liable  to  spill 
during  transport,  or  upon  the  breakage  of  an  accumulator, 
and  it  alao  retaioa  the  plugs  and  so  prevents  short  circuits ; 
but  it  prasanta  the  inconvenience  of  retarding  diffusion  and 
thus  increasing  the  resistance,  especially  at  the  end  of 
charoe  or  discharge.  This  accumulator  is  also  more 
quickly  exhausted,  and  its  useful  capacity  ia  therefore  not 
so  »^at 

The  accumulator  examined,  type  C,  was  of  the  same  dimen- 
sicoa  as  Uie  preceding  type,  but  the  plates  weie  only  0*3  cm. 
thick.  Itcontained  13  negatives  and  11  positives  at  distances 
of  u-6  cm.  apait.  The  weight  of  the  plates  was  12  kilo- 
grammes, and  the  total  weight  of  the  accumulator  18  kilo- 
grammes. The  normal  discharge  of  this  accumulator  is 
only  seven  amperes,  probably  on  account  of  the  slowneaa  of 
dif^iaion.    The  fin^  value  of  E  naa  here  taken  as  1'8  volL 

The  results  of  the  testa  made  are  given  in  the  following 
table : 

"£.?        «c  «d  W,  Wj  ,,  ,, 

1  ...  112-78  ...  M-16  ...  2«-82  ...  176-5  ...  83-S  ...  72'I 

2  ...  112-66  ...  »4-73  ...  244-78  ...  177-7  ...  84-1  ...  72-6 

By  emplojring  a  rate  of  discharge  six  or  seven  times 
greater,  the  efficiencies  fell  to  7G'7  and  662  per  cent. 

The  resistance  of  thia  accumulator  varied  from  0'003 
ohm  to  0-01  ohm. 

Hvbar  Aecamuhior. — The  cell  tested  was  of  the  portable 
type.  It  was  formed  of  thin  platea,  ao  that  *the  capacity 
per  kil<%numne  of  plate  might  be  high.  On  the  negative 
platea  ue  aquarea  of  active  material  were  pierced  with 
circular  holes  of  0-2  cm.  diameter,  in  order  to  increase  the 
active  surface. 

The  size  of  the  plates  was  15-0  x  16-7  x  0-3  cm. 

The  weight  of  the  plates  was  6-5  kilogrammes,  and  that 
of  the  accumulator  complete  12  kilogrammes. 

The  intensity  of  the  charging  current  was  about  13-5 
amperes,  and  that  of  the  dlschiurge  current  was  16  or  32 
ainpeies. 

The  following  results  were  obtained : 

1  80-40  ...  84-97  ...  202-63  ...  168-M   ..  OS  ...  83 

2  92-68  ...  64-34  ...  213-46  ...  166-70  ...  01  ...  77 

3  91-68  ...  8J-66  ...  208-76  ...  162-88  ...  SO  ...  77 

4 61-98  ...  77-00  ...  183-93  ...  16S'12  ...  OS  ...  84 

The  resistance  of  the  accumulator  varied  from  0003  to 
0-006  ohm,  and  the  acid  denrity  from  1'19  to  1-126. 

In  other  testa,  when  the  ducharge  was  carried  to  the 
farthest  point  instead  of  stopping  at  1-66  volt,  the  efGciency 
was  not  sensibly  modified. 

JuHeri  Accumulator. — The  cell  submitted  to  teat  waa  con- 
tained in  a  wooden  box  lined  with  lead.  Tbe  plates,  aeven 
positives  and  eight  negatives,  measured  23  x  16-6  x  0*4 
cm.  The  weight  waa  20  kilogrammes,  and  that  of  the 
whole  cell  waa  33  kilt^rammes. 

The  charging  current  waa  kept  about  24  amperes,  and 
that  of  diechai^  about  28  amperes. 

The  reeulta  obtained  appear  in  the  table  herewith  ; 

^ti^  %  «d  "c  ^d  'q  "w 

1  ...  261-6  ...  22(-7  ...  670-8  ...  445-6  ...  80-3  ...  78-0 

2  ...  347-0  ...  226-6  ...  662-2  ..    440-8  ...  90-9  ...  70-S 

3  ...  290-7  ...  230-0  ...  672-0  ...  450-4  ...  92-1  ...  80-3 

4  ...  247-6  ...  226-7  ...  6651  ...  4477  ...  91-6  ...  807 
6  ...  248-9  ...  2287  ...  661-0  ...  447-6  ...  89-9  ...  81-1 
6  ...  2M-4  ...  229-2  ...  660-3  ...  446-5  ...  93-0  ...  81-4 

The  resistance  of  the  accumulator  varied  from  0-001  to 
0-002  ohm,  and  the  density  of  the  acid  from  1-21  to  1-16. 

Tudor  Accvmviator. — ^The  type  of  cell  tested  was  that 
destined  for  stationary  use,  and  the  plates  were  therefore 
very  thick.  The  cell  contained  five  positives  and  four 
n^atives.  These  measured  16  x  19  cm.  The  thickneaa  of 
the  n^ativea  waa  0-7  cm.,  and  that  of  the  positives  16  cm. 

The  weight  of  the  platea,  including  the  connecting 
pieces,  was  26  kilogrammes ;  tJiat  of  the  cell  complete  was 
38-9  kilc^Tammea.  Thia  accumulator  had  already  been  in 
service  for  several  years. 

The  distance  between  the  platea  was  sufficiently  great  to  ■ 


allow  the  plugs  to  fall  without  forming  a  abort  cJrcuit  The 
teats  made  upon  this   cell   are  given   in  the   following 
table: 
"^^        «c  «d  W„  W^  ,q         ,^ 

1  ...    98-06  ...  92-20  ...  214-07  ..    179-10  ...  94-1  ...  837 

2  ...  100-10  ...  86-15  ...  218-56  ...  168-42  ...  86'0  ...  77'0 

3  ...    91-34  ...  84-65  ...  107-20  ...  164-36  ...  027  ...  83-3 

4  ...    93-84  ...  86-96  ...  20683  ...  17178  .„  02-6  ...  83-6 
The  resistance  of  the  accumulator  varied  from  0-002  to 

0-003  ohm,  and  the  density  of  the  acid  from  1*30  to  1-15. 


A.  OerlikoD  aoonmnlator — Uqnid  electrolyte.  B.  Oerlikoo  m>> 
onmnlator— Jelly  eleetrolyta.  C.  Huber  MOmanlator.  D.  Jallen 
aocnmuUtor.    E.  Tudor  Koonmalator. 

Oompariion  of  Baults. — Above  ia  reproduced  a  table 
resuming  the  principal  characteristic  properties  of  theae 
accumulators.  The  Tudor  accumulator  being  of  a  type  for 
fixed  inataUationa,  its  specific  values  are  considerably  lower 
than  those  of  the  other  eyatema.  It  ia  to  be  regretted,  con- 
cludes M.  Koux,  that  M.  R.  Kopp  haa  not  indioatmi  the  uaefol 
capacity  per  square  decimetre  of  active  surface ;  this  would 
have  been  a  far  more  interesting  factor  than  the  capacity  per 
kilogramme  of  active  material.  This  value,  although  very 
little  mentioned,  ia  nevertheleas  one  of  the  moat  intereating 
in  accumulator  atatiatica. 


THE  SANITABT  ASPECTS  OF  ELECTBIC  UGHTINO/ 

BT  W.  H.  FSEECK,  F.R.9. 

The  chief  tendency  of  modem  legislation  in  our  Britiah 
Parliament  is  to  improve  the  wvironmenta  of  the  human 
frame,  ao  that  we  may  live,  and  move,  and  have  our  being  with 
greater  health  to  the  individual,  and  greater  prospenty  to 
the  nation.  The  cleanlineaa  of  dwellings,  the  drainage  of 
towna,  the  removal  of  filth,  the  suppression  of  nuiaance,  have 
not  only  been  apecified,  but  the  inspection  of  the  meana  to 
effect  Uiese  objects  and  of  their  reaulta  are  defined  and 
insisted  upon  by  Acts  of  Parliament.  People  often  speak 
disrespectfully  of  our  grandmotherly  government,  but  at 
least  in  this  region  of  domestic  legislation  the  control  it  haa 
ezerciaed  over  the  food  we  eat,  the  water  we  drink,  the  air 
we  breathe,  is  of  a  true  parental  order,  and  deeervea  our 
unreaerved  admiration  and  respect  The  Home  Office  and 
the  Local  Government  Board  act  the  part  of  a  wiae  and 
economic  head  of  the  house  to  the  nation,  while  each  com- 
munity has  its  own  local  board  or  authority  to  carry  out 
hygienic  proviaiona,  to  enforce  sanitary  principlea,  to 
prevent  infection,  to  stamp  out  disease,  to  sweeten  labour, 
and  to  prolong  life. 

I  contemplated  at  one  time  submitting  an  historical 
summary  of  these  features  of  sanitary  legislation  during  the 
present  generation,  but  not  only  would  the  task  be  very 
onerous,  but  it  would  be  ao  lengthy  that  I  should  have 
verv  little  time  left  to  discuss  the  queation  set  before  me— 
"  The  Sanitary  Aapecta  of  Electric  Lighting." 

The  propositiona  that  I  propose  to  submit  and  to  demon- 
strate to  you  are  theae  :  1.  That  electricity  and  light  being 
analogous  and  identical  forms  of  enen^,  the  U>rmer  is 
natui^v  the  proper  source  of  artificial  illumination.  2. 
That  all  other  sources  of  artificial  illumination  being 
dependent  on  the  abaorption  of  oxygen,  and  resulting  in 

*  Lecture  to  Congrees  of  tbe  Sanitary  Initltut«  at  Brighton, 
Aug.  28. 
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the  vitiation  of  air,  are  iDJurioas  to  health.  3.  That  the 
same  authority  which  regulates  the  sanitation  of  our  dwell- 
ings and  the  supply  of  our  food,  should  also  control  the 
purity  of  the  air  we  breathe,  and  of  the  light  we  work  by. 
Light,  however  it  be  produced  artificially,  is  simply  the 
equivalent  of  work  that  has  been  done  elsewhere.  Whether 
it  be  by  the  combustion  of  tallow  or  oil,  by  the  burning  of 
coal  or  of  gas,  by  the  glowing  of  a  fine  wire,  or  the  forma- 
tion of  the  brilliant  arc,  energy  has  been  expended  some- 
where, to  be  transferred  and  reproduced  in  some  other 
place  in  the  form  of  light  The  great  principle  of  the  con- 
servation of  energy  teaches  us  that  the  amount  of  energy 
in  the  universe  is  a  fixed  quantity,  that  it  can  be  neither 
created  nor  destroyed,  that  it  can  only  be  transferred,  and 
that  any  expenditure  of  enerey — work  done — anywhere  is 
the  equivalent  of  energy  utilised  somewhere  else.  The 
rate  at  which  this  energy  is  expended  is  called  power,  and 
the  amount  of  power  which  we  foolishly  call  a  horse- 
power, and  which  we  roughly  imagine  to  be  eauivalent  to 
the  power  exerted  by  a  horse  in  drawing  a  load  along  a 
road,  is  competent  to  produce  an  amount  of  light  which  is 
very  simply  measured.  Our  standard  of  light  is  the  light 
given  by  a  No.  6  sperm  candle,  burning;  120  grains  per 
hour.  Now  the  energy  of  one  horse-power  constantly  ex- 
pended will  give  by  the  aid  of 

Tallow the  light  of  6  candles. 

Sperm  „  8'7    „ 

.    Oil    ,  9       „ 

Gas  „        13       „ 

Electric  current — glow  ...  „      248       „ 

»  arc „    1,492       „ 

The  results  to  the  air  of  these  different  modes  of  pro- 
ducing artificial  illumination  are  well  shown  by  the  follow- 
ing table : 

Pboduois  ov  Combustion  ik  dxvxlopino  100  candles  pkk  Houk. 


Ulaminant. 

Quantity 
oonsomed. 

Carbonic 

acid 
produced. 

Water 
vapour. 

Heat. 

Tallow    

lbs. 
2-2 
1-7 
1-3 

56cab.  ft 
(Cool)  2'2ib. 

Cub.  ft. 
61-2 
41-3 
33-6 
40*3 
0 

lbs. 
2-3 
2-0 

1-8 
2-5 

0 

Calories. 
9.700 

Sperm 

7,900 
7,200 

Gas 

12,150 

Electricity 

257 

Thus  we  see  how  very  much  more  efficient  electricity  is 
than  any  other  agent  for  the  production  of  light. 

The  tendency  of  the  teaching  of  the  present  day,  is  to 
show  that  the  transmission  of  hght  waves  and  of  electrical 
undulations  is  of  the  same  character  and  at  the  same  speed. 
Clerk  Maxwell  by  theory,  and  Hertz  bv  experiment,  have 
placed  this  beyond  doubt  A  current  of  electricity  passing 
through  a  fine  filament  first  raises  its  temperature,  and 
then  as  the  current  is  increased  in  strength,  it  glows 
brighter  and  brighter  until  finally  it  is  disintegrated  and 
dissipated  with  great  brilliance,  and  the  light  disappears. 
There  has  been  no  chemical  consumption  of  material.  The 
passage  of  the  current  has  resulted  in  light,  and  light  seems 
to  have  been  the  natural  sequence  of  the  flow  of  electricity. 
Energy  has,  however,  been  developed  somewhere.  There  is 
a  boiler  for  the  production  of  steam,  an  engine  for  the  ap- 
plication of  power,  a  dynsuno  for  the  formation  of  electric 
current 

Gas  has  to  be  extracted  from  coal,  purified  in  ^s  works, 
distributed  through  pipes,  and  chemically  combined  with 
the  oxygen  of  the  air  in  jets  or  burners. 

The  simple  candle,  however,  is  its  own  gas  works.  We 
simply  apply  a  match  and  the  flame  itself  becomes  boiler, 
engine,  and  light  emitter  combined. 

in  all  cases,  therefore,  we  have  to  consider — (a)  the 
source  of  energy,  (b)  the  distribution  of  energy,  (c)  the 
utilisation  of  energy  as  light 

The  sources  of  energv  at  our  disposal  are  wind,  water, 
coal  (steam),  gas,  minerS^  oil 

The  inconsistency  of  the  wind  in  our  climate  renders  it 
inapplicable  for  the  steady  and  constant  supply  of  power 
required  for  artificial  illumination. 

Wateri  on  the  other  hand,  is  an  unfailing  source  of  power 


in  some  countries,  but  the  quantity  required  to  produce 
even  small  effects  is  opposed  to  its  use  anywhere  but  in 
mountainous  or  hilly  districts  where  it  is  abundant  It 
requires  a  quarter  of  a  ton  of  water  falling  one  foot  per 
second  to  produce  1  h.p.,  or  falling  10ft.  to  produce 
10  h.p.  If  we  wish  to  maintain  10  ordinary  electric  glow 
lamps  alight  for  five  hours  with  a  fall  of  lOft,  we  should 
require  1^  tons  of  water  per  hour,  or  500  tons  altogether. 

At  Keswick,  in  Cumberland,  a  central  station  has  been 
established,  which  is  worked  by  a  fall  of  20ft.  of  the  water 
of  the  River  Greta,  generating  50  h.p.  by  means  of  a  tur- 
bine. At  Portrush,  in  Ireland,  a  fall  of  26ft  generates 
currents  that  work  a  tramway  to  the  Giant's  Causeway. 
Many  private  houses  in  Scotland  are  so  lighted. 

There  are  innumerable  places  in  the  United  Kingdom 
where  this  power  is  being  allowed  to  run  to  waste.  The 
non-utilisation  is  due  prol»bly  to  ignorance,  and  ignorance 
as  much  as  indifference  is  the  great  obstruction  which  all 
new  industries  have  to  overcome,  even  when  practicability 
and  economy  are  almost  self-evident 

The  power  of  running  streams  and  of  the  tides  is  used 
in  some  countries  for  grinding  corn,  but  the  power  utilis- 
able  is  small,  and  no  practicable  means  have  yet  been 
introduced  to  employ  them  for  small  installations  of  elec- 
tric lighting,  though  busy  minds  are  actively  engaged  on 
this  neglected  field. 

Steam,  and  therefore  coal,  becomes  in  all  comparatively 
flat  countries  the  principal  source  of  power,  while  for  small 
installations  gas  and  mineral  oil  are  extremely  convenient, 
cleanly,  and  economical  suppliers  of  energy.  Indeed  gas, 
as  a  source  of  heat,  is  coming  more  and  more  into  use,  and 
if  a  cheaper  and  coarser  form  of  water-gas  were  distributed 
for  fuel  purposes,  as  it  probably  will  in  the  future,  it  would 
solve  the  difficulty  of  tne  transit  of  coal,  and  prevent  the 
possibility  of  that  nuisance,  the  formation  of  smoke  in  the 
midst  of  shops  and  dwellings. 

The  power  that  is  thus  expended  is  employed  in  develop- 
ing electrical  energy.  Motion  is  imparted  to  coils  of  copper 
wire  in  a  field  of  magnetism,  and  a  certain  resistance  has  to 
be  overcome  when  the  lines  of  force  in  this  field  are  cut  by 
the  wire ;  the  energy  of  motion  is  absorbed,  it  takes  the 
form  of  electricity,  and  as  an  electric  current  it  can  be  trans- 
mitted to  a  distance,  and  there  utilised.  The  amount  of 
energy  which  is  found  in  the  form  of  currents  is  that  deli- 
vered by  the  belt  of  the  engine  to  the  dynamo,  less  a  small 
amount  wasted  in  friction  and  in  heat  in  the  metal  of  the 
dynamo ;  but  this  is  so  small  that  it  is  a  common  thing 
now  to  obtain  dynamos  with  an  efficiency  of  94  per  cent — 
that  is,  6  per  cent  only  of  the  power  applied  to  it  is  lost 
as  heat  in  the  dynamo  itself. 

If  a  child  has  a  skipping  rope  made  of  copper  wire  and, 
with  its  face  turned  due  north  or  south,  it  skipped,  the 
rope  would  cut  the  lines  of  magnetic  force  of  the  earth  in 
the  proper  direction,  the  rope  would  experience  resistance, 
energy  would  be  absorbed  by  the  rope,  and  electric  currents 
would  be  developed  from  hand  to  hand  of  the  child.  The 
child  thus  becomes  an  animated  dynamo.  The  lines  of 
force  of  the  earth  flowing  north  and  south  are  cut  twice  in 
each  revolution  of  the  skipping  rope,  but  alternately  in 
opposite  directions.  Hence  the  currents  generated  are 
alternately  flowing  in  opposite  directions,  and  the  child 
becomes  an  alternate-current  dynamo.  It  is  a  very  Bimple 
thing  to  straighten  these  currents,  and  to  make  them  flow 
continuously  m  the  same  direction,  and  to  convert  these 
alternate  effects  into  continuous  currents  flowing  in  the  same 
direction. 

Now,  all  electric  currents  require  an  KM.F.,  or  a  differ- 
ence of  electric  pressure  to  drive  them  through  the  resist- 
ance of  metallic  conductors,  in  the  same  way  that  water  and 
ma  require  pressure  to  drive  them  through  pipes.  This 
£.M.F.  in  the  case  of  the  skipping  rope  is  very  minute, 
because  the  intensity  of  the  earth's  magnetic  field  is  very 
small  (it  is  only  To^inr^h  of  the  field  of  an  ordinary 
dynamo),  the  motion  of  the  rope  is  comparatively  slow,  and 
there  is  only  one  cutting  conductor.  If  we  increase  the 
number  of  conductors,  their  speed,  and  the  strength  of  the 
field,  we  can  magnify  the  electric  pressure  to  any  amount 

All  new  ideas  require  new  names  to  indicate  them,  and 
if  they  are  new  quantities  capable  of  measurement,  they 
require  new  units  to  compare  them  with  numerically.    Dif- 
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ference  of  electric  preeeure  is  called  voltage,  and  the  unit 
of  comparison  is  a  vdt.  The  skipping  rope  develops  only 
a  very  small  fraction,  about  xTnru^t^  ^^  ^  ^<>1^«  There  are 
now  dynamos  at  Deptford  which  will  generate  10,000  volts, 
and  a  flash  of  lightning  is  the  result  of  perhaps  millions  of 
volts.  The  human  frame  is  very  sensitive  to  voltage,  50  volts 
is  scarcely  perceptible,  100  volts  give  a  distinct  though  slight 
shock,  500  volts  are  painful,  and  1,000  volts  might  pro- 
bably under  certain  circumstances  kill  a  man,  10,000  volts 
if  effective  through  the  whole  frame  would  certainly  de- 
strov  life.  We  have  recently  read  of  a  deplorable  attempt 
in  the  United  States  to  utilise  this  power  for  the  execution 
of  criminals,  au  attempt  surrounded  with  sickening  horrors, 
the  result  of  the  ignorance  that  exists  at  present  as  to  the 
effects  of  electricity  on  the  human* frame. 

The  unit  of  electric  current  by  .which  measurements  are 
made  is  called  an  ampere.  If  an  ampere  be  circulated 
around  a  bar  or  ring  of  iron,  it  will  magnetise  it  with  a 
definite  amount  of  magnetism  de{)endent  on  its  dimensions 
and  quality. 

If  it  be  transmitted  through  a  bath  of  nitrate  of  silver,  it 
will  deposit  four  grammes  of  silver  per  hour.  If  it  be 
driven  through  a  fine  filament  of  carbonised  cotton  Gin. 
long,  such  as  Edison  and  Swan  use  for  their  glow  lamps, 
by  an  RM.F.  of  100  volts,  it  will  develop  a  brilUant  light  of 
32  cp. 

The  actual  energy  conveyed  by  the  current  is  measured 
by  the  product  of  the  volts  and  amperes,  and  this  measures 
the  rate  at  which  energy  is  being  transmitted  or  expended. 
The  unit  of  measurement  is  called  the  watt,  which  is  a  much 
more  scientific  and  accurate  unit  of  power  than  the  absurd 
horse- power  that  has  become  so  rooted  among  our  engineers. 
A  man  in  pumping  expends  about  50  watts ;  in  rowing  a 
race  he  expends  about  a  100 ;  in  running  rapidly  up-stairs 
he  expends  500  watts  for  a  few  seconds  ;  a  horse  drawing  a 
load  on  a  level  road  expends  about  500  watts.  The  so-called 
horse  power  is  746  watts.  An  ordinary  arc  lamp  consumes 
500  watts,  and  an  electric  tramcar  going  at  seven  miles  an 
hour,  on  an  average  tramway,  requires  a  mean  power  of 
about  3,000  watts. 

Electrical  energy  is  measured  and  paid  for  in  1,000  watts 
or  in  kilowatts  delivered  per  hour.  A  kilowatt-hour  is  called 
the  Board  of  Trade  unit  of  electrical  energy,  and  it  is 
defined  in  all  provisional  orders  confirmed  by  Act  of  Par- 
liament, thus : 

*'The  expression  'unit'  shall  mean  the  energy  contained 
in  a  current  of  1,000  amperes  flowing  under  an  electro- 
motive force  of  one  volt  during  one  hour." 

This  Board  of  Trade  unit  has  not  yet  received  a  name. 
I  have  proi^osed  to  call  it  a  Boi^  from  the  initial  letters  of 
the  Board  of  Trade ;  but  there  is  generally  a  very  strong 
aversion  to  a  new  name,  however  much  it  may  be  wanted, 
and  we  have  during  the  past  few  years  had  a  plethora  of 
new  names  in  electrical  science. 

One  Board  of  Trade  unit  will  keep  an  ordinary  10-c.p. 
glow  lamp  alight  for  30  hours,  or  it  will  keep  30  of  such 
lamps  alight  for  one  hour.  In  Newcastle  this  energy  costs 
\M.y  in  Liverpool  6d.,  in  London  7^.,  and  in  most  other 
pfaces  8d.  Taking  the  cost  at  6d.,  a  10-c.p.  ^low  lamp 
would  cost  one-fifth  of  a  penny  per  hour,  which  is  the  c^  it 
of  a  5ft.  gas-burner  at  3s.  4d.  per  1,000  cubic  feet.  T\ere 
is  thus  very  little  difference  between  the  price  of  gas  and 
that  of  electricity. 

The  output  of  a  djmamo  is  measured  in  watts,  and  as  the 
number  ot  watts  in  ordinary  dynamos  is  necessarily 
Dumeroua,  the  kilowatt,  or  1,000  watts,  is  the  unit 
Dmplojed.  Thus,  a  dynamo  of  100  kilowatts  develops 
energy  equivalent  to  134  h.p.,  and  as  for  ordinary  purposes 
the  ratio  of  the  power  utilised  as  electric  current  to  the 
power  indicated  in  the  cvlinders  of  the  engines  may  be  taken 
it  80  per  cent.,  it  will  follow  that  it  will  require  160  h.p. 

0  drive  such  a  dynamo  at  full  load. 

The  relations  between  mechanical  and  electrical  measure- 
HentA  are  thus  verv  simple  and  wonderfully  accurate. 

One  hundred  kilowatts,  or  100,000  watts,  deliver  suffi- 
iient  energy  to  illuminate  3,000  10-c.p.  lamps,  and  one  of 
he  most  difficult  problems  which  the  electrical  engineer 
las  to  solve  is  to  design  the  best  and  most  economical 
lethod  of  distnbuting  this  energy  over  an  extended  area. 

1  the  distribution  be  confined  to  one  big  building,  like  th9 
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Pavilion  in  Brighton,  or  the  Post  Office  in  London,  the 
solution  is  simple.  If  it  be  over  a  widely  scattered  district, 
like  Croydon,  Wimbledon,  or  the  districts  of  the  great 
vestries  of  London,  the  solution  is  complicated.  Every 
district  must  be  governed  by  its  own  conditions,  and  be 
controlled  by  its  own  environments. 

There  are  several  modes  of  distribution  under  high 
pressure  or  low  pressure ;  by  means  of  alternate  currents 
or  of  continuous  direct  currents ;  bv  two  wires  or  three 
wires  or  five  wires.  Then,  again,  the  supply  may  be  for 
light  or  motive  power,  for  street  lighting,  or  for  private 
lighting.  If  it  be  by  high  pressure,  say  of  over  300  volts, 
then,  as  such  pressures  cannot  be  admitted  into  our  houses, 
there  must  be  a  reduction  of  this  pressure  to  the  safe  and 
ordinary  100  or  50  volts  by  means  of  alternating  trans- 
formers or  of  secondary  batteries. 

The  ruling  guide  is,  of  course,  economy.  A  certain 
number  of  kilowatts  are  generated  in  the  central  station  at 
a  price  per  hour  that  is  easily  obtained  from  the  coal  bills, 
the  stores  list,  and  the  wages  sheet.  A  certain  proportion 
of  this  energy  is  delivered  to  the  consumers,  ana  paid  for 
by  them  by  meter  or  by  contract.  A  certain  proportion  is 
lost,  wasted  as  heat  in  the  apparatus  and  conductors.  What 
is  the  proportion  between  the  energy  paid  for  and  that 
generated  by  the  central  station  %  What  is,  in  fact,  the 
efficiency  of  the  svstem  f  It  is  difficult  in  the  present 
tentative  and  youthful  condition  of  the  industry  to  obtain  a 
true  answer.  Most  central  stations  are  in  tneir  pioneer 
condition.  I  have,  however,  examined  the  figures  of  certain 
well-known  systems,  from  which  I  gather  that  we  may  esti- 
mate the  following  efficiencies  as  fairly  practical : 

Low  pressure :  Efficiency. 

Continuous  direct  current...  90  per  cent 
High  pressure : 

Alternate  current  60 

Direct  current  battery  50 

In  fact,  one  company — ^the  St  James's  and  Pall  Mall — ^work 
ing  on  the  low  pressure  system,  have  on  the  first  half-year 
of  1890  secured  a  return  of  94*3  per  cent  on  the  energy 
delivered^  while  another  company,  working  on  the  high- 
pressure  battery  svstem,  secured  only  29  per  cent 

In  January  of  this  year,  at  the  Kensington  Court  central 
station,  worlnng  at  low  pressure,  25,893  bots  were  registered 
and  paid  for,  as  i^inst  28,291  generated  and  distributed, 
representing  sn  efficiency  of  92  per  cent  At  Dacre-street, 
Westminster,  also  working  at  low  pressure,  in  the  quarter 
ending  June  24th — the  summer  and  lowest  quarter — ^the 
efficiency  was  84*4  per  cent  At  the  House  of  Commons 
the  efficiency  has  been  89*8  per  cent. 

A  simple  way  of  looking  at  the  matter  is  to  find  out  the 
coal  consumed  per  botpaid  for  by  the  consumer.  It  comes 
out — 

Low  pressure    91b. 

High  pressure  171b. 

It  is  worth  noting  that  it  would  require  381b.  of  coal  dis- 
tilled in  the  gas  works  to  produce  the  same  light  by  means 
of  the  ordinary  fish-tail  burner. 

The  misfortune  is  that  the  low-pressure  system  is  applic- 
able only  to  confined  and  restricted  districts.  It  involves 
the  use  of  such  heavy  conductors,  that  as  the  district  in- 
creases in  extent,  the  weight  of  copper  required  varies  as 
the  third  power  of  the  radius  of  the  area  served.  While 
with  the  high-pressure  system  the  weight  of  copper  required 
diminishes  with  the  pressure  used. 

If  must,  however,  oe  recollected  that  the  use  of  high  pres- 
sure involves  the  use  of  very  highly-insulated  conductors, 
and  therefore  what  is  saved  in  copper  may  be  expended  in 
insulation.  The  question  that  decides  the  economic  use  of 
high  or  low  pressure  is  the  distance  or  length  of  mains  and 
feeders,  when  the  difference  between  171b.  and  91b.  of  coal 
(or  a  penny  per  bot)  is  swallowed  up  in  interest  on  capital 
and  waste  of  energy  in  the  heavy  conductors  required  by 
the  low-pressure  system. 

The  consequence  is  that  while  compact  areas,  covered  by 
a  radius  of  half  a  mile,  are  best  served  on  the  low-pressure 
system,  those  supplied  beyond  a  radius  of  one  mile  can  be 
served  economically  only  on  the  high-pressure  system; 
while  the  intermediate  range  is  to  be  considered  simply 
with  reference  to  its  own  requirements  and  its  qwo  condi- 


182 


THE  ELECTRICAL  ENGINEER,  AUGUST  29,  1890. 


tions,  such  as  the  supply  of  water  and  of  coal,  the  con- 
venience of  water  and  railway  carriage,  the  value  of 
land,  the  demand  of  residential  districts  and  of  manufac- 
turing and  business  quarters.  Each  district  must  there- 
fore be  dealt  with  on  its  own  merits. 

In  London  at  the  present  moment  several  different 
svstems  are  being  used  or  installed  for  very  similar  districts. 
Thus  we  have  the  alternate-current  transformer  system  at 
Brompton,  St.  Martin's,  St  Giles,  and  the  various  portions 
served  by  the  London  Electric  Supply  Association,  the 
high-pressure  battery  system  in  Chelsea,  the  low-pressure 
system  aided  by  secondary  batteries  to  regulate  pressure 
and  to  maintain  the  supply  of  energy  during  the  small 
hours  of  the  morning,  or  when  breakdowns  or  cases  of 
emergency  arise,  in  Kensington,  Westminster,  St.  James's, 
Notting  Hill,  and  St.  Pancras.  The  proper  system  to  be 
used  is  therefore  still  in  a  tentative  condition. 

The  great  question  that  divides  the  merits  of  the  high 
and  low  pressure  is  that  of  safety  to  person.  Grossly 
exapigerated  accounts  of  accidents  in  America  have  seriously 

erejudiced  the  public  mind  against  the  high-pressure  system. 
I  people  only  saw  for  themselves  the  conditions  that 
surround  the  aistribution  of  electricity  in  the  United  States 
they  would  not  be  surprised  at  the  accidents  that  have 
happened,  they  would  wonder  at  there  being  so  few.  Poles 
are  frequently  carried  down  the  principal  streets  of  the 
towns  carrying  open  telegraph,  telephone,  fire  signal,  and 
electric  light  wires  all  together  on  the  same  support  with- 
out any  particular  rules  or  regulations.  A  lineman  who 
ascends  a  pole  to  attend  to  a  telephone  wire  is  very  apt  to 
touch  suddenly  an  electric  light  conductor.  He  receives  a 
shook,  and  is  thrown  down,  perhaps,  on  the  ground  and 
killed,  or,  perhaps,  among  the  other  wires,  where  he  may 
be  probably  burnt  or  otherwise  injured. 

Such  things  are  impossible  in  England.  Mains  and  con- 
ductors must  by  legislation  be  placed  underground  in  all 
towns ;  but  where  they  are  for  local  reasons  placed  over- 
ground they  are  subjected  to  carefully  prepiured  rules  and 
regulations  and  to  watchful  and  constant  inspection.  A 
high  pressure  conductor  is  certainly  dangerous  if  it  were 
handled,  but  it  should  never  under  any  circumstances  be  so 
placed  as  to  be  in  a  position  to  be  touched  by  anyone  but 
the  skilled  technical  men  who  have  the  charge  of  its  main- 
tenance. There  is  no  case  on  record  of  anyone  being  hurt 
on  a  well-designed  underground  system. 

The  ^reat  hygienic  advantage  of  the  electric  light  when 
illumiunff  our  dwellings  and  our  workshops  is  not  that  it 
purifies  t£e  air,  but  that  it  prevents  the  air  from  being 
vitiated  by  the  introduction  into  it  of  the  products  of  com- 
bustion, such  as  carbonic  acid,  carbonic  oxide,  sulphurous 
add,  etc. ;  it  prevents  the  air  from  bein^  weakened  by  the 
abstraction  of  oxygen,  and  it  prevents  it  from  having  its 
temperature  raised  by  undue  radiation,  and  by  throwing 
into  it  heated  gases. 

While  l^dation  and  the  greatest  possible  stringent 
regulations  have  been  drawn  up  to  prevent  the  adulteration 
of  food  and  the  poisoning  of  water,  scarcely  any  attention 
has  been  devoted  to  the  prevention  of  the  admission  of 
noxious  gases  and  poisonous  vapours  into  the  air  of  our 
habitations.  Carbonic  oxide  is  a  poison  of  the  deadliest 
character,  and  gB^a  jets  are  freely  used  which  deliver  copious 
discharges  of  this  aangerous  gas  into  the  atmosphere  of  our 
rooms.  If  we  were  consistent  in  our  legislation  we  ought 
to  forbid  the  use  of  any  burner  which  thus  poisons  the  air. 
A  man  at  rest  exhales  '00424  cubic  feet  of  carbonic  acid 
gas  (COL)  and  '1189  cubic  feet  of  air  per  pound  weight  per 
hour,  wnile  a  gas  jet  burning  five  cubic  feet  of  coal  gas 
exhales  four  .cubic  feet  of  CO^  The  maximum  proportion 
of  CO2  to  air  consistent  with  health  is  six  volumes  in 
10,000,  10  volumes  affect  the  heart,  and  30  volumes  pro- 
duce headaches.  Bheumatism,  bronchitis,  and  other  ail- 
ments proceed  from  higher  proportions.  In  fact,  five  cubic 
feet  of  gas  requires  8,(>b0  cubic  feet  of  pure  air  per  hour  to 
maintain  it  healthy.  The  electric  light  requires  no  such 
provision. 

That  the  electric  light  is  a  powerful  element  of  health  is 
evidenced  by  the  fact  that  those  who  use  it  not  only  feel 
all  the  better  for  its  introduction,  but  their  appetite  in- 
creases, and  their  sleep  improves,  and  the  visits  of  the 
doctor  are  reduced  in  frequency.    Workpeople  work  all  the 


better,  and  absences  from  illness  are  far  less  frequent.  In 
the  Savings  Bank  in  Queen  Victoria-street,  London,  where 
1,200  persons  were  employed,  the  absences  from  illness 
were  so  far  reduced,  that  the  extra  labour  gained  paid  for 
the  electric  light.  In  Liverpool  and  many  other  places  the 
same  result  has  been  observed. 

The  influence  of  artificial  light  on  the  eyes  has  a  very 
important  sanitary  bearing.  Why  is  it  that  there  is  so 
much  short-sightedness  in  the  present  day  f  Is  it  due  to 
our  mode  of  producing  light  1  Some  assert  that  the  injury 
to  the  eyes  is  due  to  the  heat  rays  and  not  the  light  rays. 
If  that  be  so  the  electric  light  must  be  much  less  injurious 
than  any  other.  On  the  other  hand,  no  one  can  have  ex- 
perimented with  arc  lamps  without  having  had  his  retina 
painfully  affected,  which  leads  one  to  think  that  the  ultra- 
violet rays  have  some  influence.  No  one  has,  however, 
ever  complained  of  the  influence  of  a  steady  glow  lamp 
upon  the  eyes,  and  it  is  possible  to  read  and  to  write 
for  many  hours  by  such  a  light  without  experiencing  the 
least  fatigue. 

The  electric  current  is  not  altogether  free  from  being  a 
cause  of  fire,  and  though  its  use  is  by  no  means  very 
general,  still  It  is  used  sufficiently  to  make  itself  felt  aa  an 
element  of  danger  in  this  respect.  The  following  table 
shows  the  numlMr  of  fires  in  London  which  can  be  traced 
to  the  different  methods  of  lighting : 


1887. 

Lamps   ....245 

Gas 188 

Candles...: 142 

Electricity    0 


1888. 
205 

m 

113 
1 


1889. 

257 

209 

136 

2 


TotaL 

707 

594 

391 

3 


The  progress  of  the  electric  light  in  our  homes  has  lieen 
much  more  rapid  in  England  than  in  any  other  country, 
but  its  employment  for  street-lighting,  for  shops  and  manu- 
factories has  been  infinitely  more  rapid  and  extensive  in  the 
United  States  than  with  us.  In  America  the  growth  has 
been  enormous.  There  are  now  250,000  arc  lamps  illu- 
minating the  public  streets  and  shops,  and  3,000,000  glow 
lamps  in  dwellings,  stores,  and  workshops. 

The  following  table  shows  the  development  of  the  Berlin 
central  stations : 


Effective  horse-power. 

Station. 

1884 

1885 

1886 

1887 

1888 

1889 

When 
com- 
pleted 

Friederiekstrasse. . . 
Markgrafenstrasse 

Mauerstrasae    

Spaudauerstraase 
Schiffbanerdamm 

300 

•  •  • 

•  «  • 

•  •  • 

300 
1,000 

•  •  • 

•  •  • 

1,000 
500 

•  •  • 

•  •  • 

300 
1,000 
1,250 

•  ■  • 

•  •  • 

300 
2,400 
1,250 

•  •  • 

•  •  • 

300 

2,400 
2,950 
2,000 
1,000 

300 
3,100 
4,950 
4,000 
6,000 

Total  

300 

1,300 

1,800 

2,550 

3,550 

8,650 

18,350 

16-c.p.    lamps,    or 

equivalent 

Kilometres  of  cable 

2,500 

4,600 
8 

13,229 
10 

24,660 
15 

34,750 
25 

■  •  • 

76 

•  •  • 

The  progress  in  England  has  been  very  much  checked 
by  inoniinate  speculation  and  by  terrible  failures  in  some 
of  the  earlier  work  done.  There  is  something  very  capti- 
vating in  the  practical  applications  of  electricity,  and  some- 
thing romantic  in  its  mystery.  The  neophyte  has  rushed 
into  it  with  remarkable  fervour,  and  the  lessons  of  failure 
have  in  consequence  been  very  severe.  The  users  of  the 
light  have  also  been  paying  heavily  for  the  education  and 
experience  of  amateur  tradesmen  and  inexperienced  con- 
tractors, and  have  neglected  to  avail  themselves  of  the  pro- 
fessionsd  services  of  the  experienced  electrical  engineer. 
People  who  would  not  build  houses  without  tJie  architect^ 
nor  construct  bridges  without  the  engineer,  nor  make  their 
wills  without  the  lawyer,  rush  wildly  into  the  use  of  electri- 
city without  any  professional  assistance,  where,  above  all 
things,  experience  and  knowledge  are  essential  to  prevent 
disaster  and  disappointment  Large  installations  have  been 
completed  without  specifications  to  guide  the  conti-actor,  and 
without  inspection  to  see  that  the  work  has  been  properly 
done.  The  user  has  paid  violently  for  his  temerity,  and 
fires  and  accidents  have  been  the  result,    The  heavy  price 
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of  wiring  a  rented  honae,  and  the  expensiye  character  of 
the  fittings  proposed,  have  deterred  many  from  adopting 
the  lights  even  when  it  is  within  their  reach.  Highly- 
insulated  wire  is,  unfortunately,  expensive.  All  cheap  wires 
are  nasty  and  dangerous.  There  is  nothing  that  becomes 
the  electric  light  better  than  simplieitv,  and  its  effect  is  fre- 
quently marred  hj  elaborate  brasswork.  It  possesses  also 
most  active  and  widespread  opponents,  both  in  oil  and  gas — 
opponents  who  have  benefitted  by  its  introduction,  ana  who 
are  not  slow  to  profit  by  its  advance.  The  improvements 
in  gas  and  oil  lamps  are  as  marked  as  the  advancements  in 
electric  light,  and  aS:  means  of  artificial  illumination  idone — 
that  is,  as  far  as  light-giving  power  is  concerned — ^there  is 
little  choice  between  tne  three,  but  oil  and  ^  cannot  lose 
those  elements  of  discomfortand  ill-health  which  differentiate 
them  from  the  cool  and  pure  glow  lamp, 

A  very  important  question  arises  for  discussion.  Legis 
lation  has  slipped  in  to  place  the  virtual  control  of  the  sup- 
ply of  electrical  energy  m  the  hands  of  the  local  authority 
of  the  district  to  be  served.  Is  this  supply  to  be  the  result 
of  the  capital  of  private  enterprise,  or  is  it  to  be  effected  by 
raising  money  on  the  security  of  the  rates  ? 

It  is  argued  that  the  supply  of  electricity  being  a  purely 
commercial  undertaking,  it  should  therefore  be  carried  out 
by  a  limited  liability  company.  The  Acts  of  1882  and 
1888  do  not  encourajge  monopoly,  but  rather  court  competi- 
tion, and  competition  attracts  capital.  Competition 
properly  regulateid  and  controlled  secures  economy  in  sup- 
ply, and  certainly  enforces  economy  in  working,  while  it 
encourages  improvements,  and  induces  perfection  of  appara- 
tus and  novelty  in  processes.  These  arguments  are 
plausible,  but  are  easily  refuted  by  those  who  desire  to  up- 
hold vested  monopolies.  Direct  competition  always  means 
ultimately  enhanced  cost  to  the  public,  for  the  same  public 
has  to  pay  for  double  plant,  and  each  competitor  only  gets 
half  revenue 

The  supply  of  light  is  in  precisely  the  same  category  as 
the  supply^  of  water  or  the  supply  of  ^as,  and  the  days 
have  certainly  passed  when  the  public  will  tamely  submit 
to  the  transMrence  of  their  right  to  such  vested  interests 
as  those  of  water  or  gas  companies. 

It  is  very  easy  to  argue  pro  or  can  on  each  side.  The 
local  authority  has  to  reg^  the  security  of  traffic,  the 
safety  of  person,  the  repression  of  crime,  and  the  proper 
superviuon  of  tiie  promises  of  its  ratepayers.  It  is  the 
custodian  of  the  public  interests.  It  has  to  control  the 
health,  cleanliness,  comfort,  and  beneficial  sanitation  of  its 
habitable  dwellings.  It  therefore  must  secure  the  best 
light,  and  if  it  can  do  this,  and  at  the  same  time  relieve 
the  rates  which  are  generally  creeping  up  to  dangerous 
dimensions,  then  its  action  would  be  wise  and  econo- 
micaL  But  it  would  be  entering  into  commercial 
rivaliy  with  an  active  competitor — ^the  gas  companies  ;  and 
its  commercial  control  by  such  a  shifting  authority  as  a 
committee  of  a  town  council  or  of  a  local  board,  subject  to 
the  changes  of  political  warfare,  to  the  vagaries  of  press 
dictation,  and  to  the  fear  of  November  elections,  is  a  very 
doubtful  proceeding.  On  the  other  hand,  in  many  instances, 
such  bodies  have  successfully  dealt  with  the  water  question, 
the  tramways,  and  even  with  the  gas.  In  fact,  one-third  of 
the  gas  capital  (21  millions)  in  this  country  is  in  the  hands  of 
173  local  authorities,  and  more  than  half  a  million  of  profits 
go  to  the  reduction  of  rates. 

Bradford  has  already  grappled  with  the  question.  It 
has  established  a  central  station  for  the  supply  of  the 
electric  light.  Brighton,  St  Pancras,  and  Bristol  are  doing 
the  same,  and  many  other  places  are  following  suit  They 
are  shyine  at  the  probability  of  handing  over  their  districts 
to  a  specwative  company,  with  a  virtual  though  not  a  l^al 
monopoly,  to  supply  electrical  energy  for  42  years.  Many 
coiporations  contemplate  a  middle  course.  They  have  ob- 
tained the  power  for  themselves,  but  they  have  farmed  for 
shorter  terms  the  right  of  supply  to  private  enterprise, 
which  can  do  what  they  are  afraid  to  do— viz.,  speculate 
and  experiment  The  &)ard  of  Trade  has  sanctioned  and 
facilitated  such  a  transfer  of  statutory  rights. 

It  is  surprising  that  gas  administrations  in  England  have 
not  been  more  enterprising  in  developing  electric  lighting. 
In  Vienna,  Rome,  and  Stockholm  the  gas  companies  have 
established  central  stations,  and  the  progress  of  the  industry 


in  those  cities  is  very  oreat  The  proper  f  unetion  of  gas  is 
to  supply  heat,  not  lights  and  as  a  source  of  power  it  has  a 
future  more  brilliant  tlum  its  past  If  it  could  be  supplied 
as  fuel  it  would  remove  the  troubles  of  coal  transit  and 
storage,  of  ash  and  dust  removal,  of  smoke  and  of  stoking. 
It  has  even  been  shown  that  it  is  cheaper  to  convert  coal 
into  gas  on  the  spot,  and  to  use  the  gas  as  the  source  of 
power,  than  to  &pply  the  coal  direct  for  the  production  of 
steam  in  boilers.  The  waste  of  energy  in  the  use  of  coal  is 
enormous.  The  ener^  contained  in  lib.  of  coal  if  burnt 
in  one  hour  is  theoretically  sufficient  to  supply  5-6  h.p.  for 
that  hour.  The  best  practical  result  yet  obtained  by  the 
steam-engine  is  scarcely  1  h.p. 

The  electric  light  is  unquestionably  the  light  of  the  future. 
Its  use  is  advancing  with  leaps  and  bounds.  Not  only  is  it 
naturally  the  proper  source  of  light,  but  economically  it 
must  eventually  supplant  its  rivals.  When  electrical  energy 
is  generally  distributed  through  our  towns,  and  its  supply  is 
continuous  and  properly  controlled  so  that  it  is  idways 
within  the  reach  of  all,  and  when  means  can  be  devised  to 
wire  up  houses  as  cheaply  as  they  are  now  fitted  for  gas, 
everyone  will  take  it,  not  alone  for  its  beauty,  but  because 
it  is,  above  all,  a  source  of  health  and  comfort 


ON  SOME  EXPERIMENTS  IN   BADIOHETBT.'' 

BT  A.   R.  BENNETT,  MSBCBBR. 

fConduded  from  page  18^) 

Although  rotation  occurs  best  in  screens  having  an  open- 
ing to  the  outer  air,  it  will  take  place  when  no  such  open- 
ing occurs,  as  in  Fig.  12.  Thus,  a  vane  inside  a  metal 
cylinder  will  oscillate,  and  then  rotate  when  heat  is  applied 
to  the  exterior  of  the  cylinder.  WiUi  thin  metei  the  ap- 
plication of  the  finger  to  the  metal  ii  sufficient  to  impart 
motion. 


Fio.  12. 

These  motions  are  probably  due  to  the  same  cause  as 
that  of  the  unscreened  fan,  fig.  6.  The  screen  radiates 
the  heat  it  receives  from  Uie  impinging  ray;  the  air  next 
the  screen  is  warmed  and  made  to  ascend,  and  is  replaced 
by  colder  air  advancing  on  all  horijEontal  planes.  The 
course  of  the  currents  is  determined  by  the  form  of  the 
recess  enclosed  by  the  screen ;  when  the  form  is  circular, 
or  snail-like,  a  well-defined  whirl  or  eddy  is  established, 
and  so  continuous  rotation  is  imparted  to  the  vane  or  cap. 
The  movements  caused  by  a  screen  heated  before  being 
placed  round  a  vane,  or  subsequently  heated  at  one  or 
more  points  by  the  application  of  a  poker  to  its  exterior, 
probably  have  a  simihr  origin.  That  the  currents  causing 
motion  are  horizontal  seems  proved  by  the  fact  that  the 
fans  of  the  vanes  used  were  strictly  vertical,  and  there- 
fore not  adapted  for  indicating  ascending  currents;  and 
the  light  tdssue  caps  supported  on  fine  needle-points  would 
be  apt  to  be  lifted  off  their  supports  and  overturned  by 
ascending  currents,  whereas  they  rotate  horizontally  for 
hours  together.  Yet  that  ascending  air  plays  an  essentiiU 
part  in  the  phenomenon  is  proved  by  the  fact  that  covering 
the  top  of  a  screen  stops  the  motion. 

A  hot  vane  placed  within  a  cold  screen  will  rotate  until 
it  cools;  so  tne  condition  necessary  to  secure  rotation 
appears  to  be  a  difference  of  temperature  between  the  air 
and'  the  screen  or  vane. 

Screens  of  various  kinds  were  tried — of  high  absorptive 
power,  like  white  paper  and  paper  faced  with  lampbiaok; 
and  of  high  reflective  power,  like  bright  tinned  iron.  All 
answer  well,  but  the  tinned  iron  best  With  a  bright  snail- 
like screen,  the  difficulty  is  not  to  get  the  vane  to  rotate, 

*  P^MPer  read  at  the  special  meeting  of  the  Institatlon  of  Elec- 
trical Eneineers  at  the  Edinburffh  Internationa]  Exhibition,  July 
17»  1890. 
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but  to  itand  still.  Notwithstanding  the  vigorous  motion 
of  the  vanes,  exploration  of  the  interior  of  the  screens  bv 
suspended  silk  fibres  does  not  reveal  the  existence  of  such 
powerful  currents  as  might  be  expected. 

A  vane  at  rest  will  be  disturbed  by  a  new  object  such  as 
a  book  being  placed  near  it,  however  gently  the  act  may 
be  performea  in  order  to  avoid  creation  of  an  actual  draught. 
It  will,  after  some  seconds  of  Dscillation,  and  perhaps  a  few 
complete  turns,  adjust  matters  with  its  new  neighbour  and 
again  become  quiet  The  placing  of  a  similar  book  on  the 
other  side  will  renew  the  motion,  which  always  follows  the 
withdrawal  or  addition  of  an  object.  With  a  sensitive  vane 
alternate  deflections  to  the  right  and  left  may  be  brought 
about  by  the  shifting  of  books. 

A  comparison  between  these  results  and  those  obtained 
with  the  radiometer  is  inevitable.  With  modifications  con- 
sequent on  the  attenuation  of  the  air  in  the  latter  instru- 
ment, the  action  in  both,  tending  to  the  establishment  of 
currents  of  defined  direction,  is  probably  identical 

The  discharge  from  an  influence  macnine  directed  across 
the  openings  in  the  screens  will  cause  rotation  of  vanes  or 
caps  wiUiin  them,  as  will  the  establishment  of  draught 
however  created. 

For  the  instrument  consisting  of  a  vane,  cap,  or 
sphere,  within  a  screen,  the  author  proposes  the  name  of 
radioscope. 

After  experimenting  with  vanes  and  caps  it  was  deter- 
mined to  tn^  spheres. 

Some  indiarubber  balloons  were  distended  and  hung  by 
fine  silk  threads,  such  as  are  used  for  suspending  the 
needles  of  astatic  galvanometers. 

All  the  effects  produced  by  the  vanes  and  caps  were 
observed,  modified  oy  the  winding  up  of  the  thread  conse- 
quent on  rotation,  and  some  curious  ones  in  addition. 
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Fio.  13. 

A  balloon  was  found  to  invariably  turn  one  particular 
face  to  the  observer  on  being  approached,  and  this  face  it 
would  keep  toward  him  wherever  he  moved,  so  that  he 
could  cause  it  to  rotate  by  walking  slowly  round  it.  A 
lamp,  kettle,  or  other  source  of  heat,  carried  round  had  the 
same  effect.  Observation  showed  that  indiarubber  balloons 
are  never  truly  spherical  when  distended,  and  that  one  side 
is  always  a  little  lighter  than  the  other ;  and  that  it  was 
the  light  side  that  always  turned  to  the  heat.  The  effect 
may  be  accentuated  by  gumming  a  piece  of  paper,  or  foil, 
on  one  side,  so  making  it  heavier.  No  effort  on  the  part 
of  the  observer  can  induce  the  paper  or  foil  to  face  him. 
Wherever  he  goes  it  immediately  retreats  as  far  from  him 
as  it  can. 

If  a  fairly  spherical  balloon  is  surrounded  by  a  zone  of 
paper,  hung  on  a  fine  fibre  and  allowed  to  attain  a  state  of 
rest,  it  will,  when  subjected  to  heat,  begin  to  swing  to  and 
fro  towards  and  from  the  heat,  and  then  to  rotate  slowly. 
Fig.  13.  This  effect  is  increased  if  the  zone  of  paper  is 
wetted,  or  one  of  wet  linen  used. 

Generally,  a  few  seconds  after  turning  on  the  heat,  rota- 
tion begins,  continues  for  a  few  seconds  only,  ceases,  and 
then  reverses.  The  rotation  in  the  second  direction  is  much 
better  sustained,  and  will  continue  until  the  force  acting  is 
counterbalanced  by  the  winding  up  of  the  fibre. 

It  being  evident  that  evaporation  exercised  a  powerful 
influence  on  the  action,  and  the  manipulation  of  wet  paper 
belts  being  inconvenient,  about  half  an  ounce  of  water  was 
put  into  a  balloon  before  it  was  blown  out,  and  this  yielded 
a  very  convenient  and,  at  the  same  time,  fairly  sensitive 
instrument 

After  shaking  the  water  about  so  as  to  well  wet  the 


interior  of  the  balloon,  it  was  hung  on  a  single  silk  fibre  and 
left  in  the  dark  to  come  to  rest,  which,  having  done,  a  lamp 
was  caused  to  shine  on  it  from  a  distance  of  Sft  After 
swinging  a  bit  it  turned  some  half  a  revolution  to  the  left, 
stopped,  and  then  began  to  rotate  to  the  right,  that  is  to 
say,  in  the  reverse  direction  to  the  hands  of  a  watch. 
After  a  few  complete  turns  it  paused,  then  continued  for 
several  turns  more,  sometimes  pausing  and  going  on  with 
out  a  reversal, -sometimes  reversing  a  little,  and  then  con- 
tinuing. When  it  finally  stopped,  the  lamp  was  withdrawn 
a  couple  of  feet,  and  renewed  rotation  was  the  result 
Another  stoppage  soon  occurred.  The  lamp  was  then  with- 
drawn altogether,  and  rotation  recommenced  and  continued 
for  several  more  turns.  The  experiment  was  repeated 
many  times  with  slightly  varying  but  substantially  the 
same  results.  The  best  results  were,  however,  attained 
with  baUoons  belted  with  foil,  and  by  keeping  the  lamp  3ft 
off*.    When  closer,  rotation  was  not  so  long  continued. 

Suspending  the  balloon  in  a  packing-case  so  that  it  is 
surrounded  on  three  sides  by  wood,  increases  the  uniformity 
of  the  results,  although  they  occur  markedly  when  sus- 
pended unscreened  in  a  room. 

The  rotation  produced  appears  to  the  author  to  be 
identical  with  that  of  the  vanes  and  caps.  Although  the 
particles  of  bodies  and  ^es,  air  included,  expand  when 
neated,  indicating  repulsion,  yet  heated  bodies  have  a 
tendency  to  motion  towards  each  other  through  the  rarefac- 
tion of  the  air  between  them  and  the  presence  of  the 
heavier  air  behind,  and  motion  will  occur  if  the  friction 
or  other  restraining  forces  are  not  too  great  A  heated 
body  has  similarly  a  tendency  to  move  towards  any  other 
between  which  and  itself  its  radiation  rarefies  the  air.  In 
the  case  under  consideration  a  cone  of  heat  from  the  lamp 
falls  on  the  balloon,  and  is  radiated,  rarefying  the  air 
between  them,  and  causing  the  balloon  to  slightly  approach 
the  lamp.  The  perpetual  endeavour  which  follows  to 
adjust  between  this  horizontal  force  and  the  vertical  one 
due  to  gravity  may  cause  the  balloon  to  rotate,  although  air 
currents  due  to  heat  radiated  from  the  balloon  probably 
help.  A  difference  of  temperature  between  the  different 
parts  of  the  balloon  is  obviously  necessary.  All  the  results 
point  to  this — stoppage  and  reversal  after  the  lamp  has  been 
shining  some  time,  and  subsequent  continuance.  The  stops 
and  reversals  give  the  balloon  time  to  cool  by  radiating  to 
the  walls  of  the  packing-case  and  other  surrounding  objects. 
When  equallv  heated  all  round  there  is  no  tenaency  to 
deflection  ana  no  rotation. 

The  resumption  of  motion  after  the  withdrawal  of  the 
lamp  may  perhaps  be  explained  in  the  same  way,  the  heated 
balloon  now  replacing  the  lamp  as  the  source  of  heat  and 
acting  with  the  walls  of  the  room  or  of  the  packing-case. 
When  cooled  by  radiation  to  the  same  temperature  as  sur- 
rounding objects  it  comes  to  rest 

The  correspondence  between  the  effects  produced  by  the 
charging  up  of  the  vane  of  the  radiometer  and  its  subsequent 
discharge,  and  the  heating  up  and  subsequent  cooling  of  the 
balloon,  is  noteworthy.  In  each  case  motion  is  produced  by 
the  charging  process  until  the  limit  of  capacity  is  reached, 
and  after  a  dead  period  corresponding  to  the  full  condition 
is  resumed  during  the  discharge  or  cooling. 

This  class  of  experiment  to  ensure  success  requires  the 
observance  of  stringent  conditions.  The  room  should  be 
dark,  its  fireplace  closed,  and  every  other  precaution 
taken  to  exclude  draught  At  most  two  observers  should 
be  present,  and  they  should  keep  as  far  from  the  balloon  as 
possible  and  remain  still.  The  suspending  fibre  should  be 
single,  as  deceptive  rotation  may  be  got  by  the  untwisting 
of  a  double  thread,  and  the  balKX)n  must  oe  hung  up  and 
left  in  the  dark  to  come  to  rest  before  having  the  heat 
turned  upon  it  The  lamp  used  should  be  the  sole  illumi- 
nant  in  the  room.  For  these  reasons  I  have  not  attempted 
to  reproduce  the  experiments  in  a  hall  like  this.  A  balloon 
as  truly  round  as  possible  should  be  used ;  a  flat  side  will 
not  pass  the  lamp,  but  oscillate  alternately  to  the  left  and 
right  before  it 

The  direction  of  rotation  appears  capricious,  although 
extremely  well  marked,  and  persistent  when  once  started. 
Possibly  it  is  determined  by  the  suspending  fibre  retaining 
some  directive  force,  but  the  matter  has  yet  to  be  properly 
investigated. 
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By  far  the  greater  number  of  ezperiments  gave  rotation 
in  the  reverse  direction  to  the  motion  of  the  hands  of  a 
iratch.  Sunlight,  suffered  to  fall  on  the  balloon  through 
an  opening,  may  be  substituted  for  the  lamp.  A  kettle  of 
hot  water,  or  even  the  close  approach  of  the  hand  or  the 
body  to  a  ballon  suspended  by  a  single  cocoon  fibre,  will 
start  rotation.  Between  each  experiment  the  balloon  should 
be  lifted  off  and  the  fibre  allowed  to  untwist.  The  violence 
with  which  it  does  this  after  prolonged  rotation  shows  that 
the  work  done  by  the  force,  whatever  it  may  be,  is  by  no 
means  inconsiderable. 

The  resemblance  the  rotation  of  a  balloon  under  the 
influence  of  heat  applied  to  part  of  its  circumference  to 
that  of  the  earth  is  certainly  striking,  although  it  may 
seem  far-fetched  to  compare  the  world  with  an  inflated 
windbag.  Like  the  balloon,  the  earth  receives  heat  on 
one  side,  and  radiates  it  on  the  other,  and  evaporation, 
when  the  wet  zone  is  used,  combined  with  expansion  of 
air,  occurs  in  both  uses.  It  is  true  the  balloon  has  its 
atmosphere  inside  its  shell,  but  the  shell  is  elastic  and 
capable  of  distortion  in  the  direction  of  the  heat,  a  distor- 
tion which  may  possibly  have  something  to  do  with  the 
motion. 

The  author  regrets  that,  owing  to  the  putting  forward  of 
the  date  of  the  meeting  of  the  Institution  in  Edinburgh  by 
a  couple  of  months,  the  experiments  are  not  so  complete, 
nor  the  explanations  so  exhaustive  and  satisfactory  as  he 
should  have  liked  them  to  have  been. 

APPENDIX. 
NoTss  ON  Rotation  or  Sfhikks. 
ladiarubber  balloon  simply  distended. 


Do. 
Da 
Do. 

Do. 


do. 
do. 
da 

do. 


covered  with  film 
of  water. 

with  zone  of  dry 
paper. 

with  zone  of  lamp- 
blacked  paper. 

with  zone  of  wet 
paper  or  wet  linen. 


Will  deflect  and  oscillate, 
bat  not  rotate. 

Will  rotate  until  film  has 
evaporated. 

Will  rotate  slowly  and  in- 
termittently. 

Will  rotate  slowly  and  in- 
termittently ;  motion 
excessively  slow. 

Rotation  much  quicker, 
freer,  and  longer  sus- 
tained. Many  trials 
gave  average  speed  as 
one  turn  in  1  *26  minutes. 
Between  the  two  stages 
of  heating  and  cooling, 
motion  in  the  same 
direction  will  continue 
for  an  hour. 

Rotation  not  so  free  as 
foregoing,  but  arrange- 
ment more  convenient. 

This  gave  the  best  results. 
In  some  cases  rotation 
in  the  same  direction 
continued  between  heat- 
ing and  cooling  for  over 
three  hours,  the  number 
of  turns  being  from  160 
to  160. 

With  some  of  the  arrangements,  notably  the  wet  paper 
zone,  a  lamp  is  unnecessary.  If  the  balloon  is  suspended 
breast  high  the  careful  approach  of  the  body,  so  as  not  quite 
to  touch,  will  induce  rotation.  Balloons  of  French  make, 
which  may  be  purchased  at  most  indiarubber  shops,  are 
best,  as  they  are  lighter  and  far  more  symmetrical  than 
English  or  American. 


Da 


Do. 


do.      with  ^z.  of  water 
inside. 

do.      with  zone  of  tin- 
foil 


ELECTRICITT  FOR  TRAMWAYS. 


REPORT  BT  THE  CHAIRMAN  OF  THE  WIQAN 
TRAMWAYS  COMPANY. 

Mr.  Councillor  Richard  Johnson,  chairman  of  the  Wigan 
Tramway  Company,  recently  visited  the  electrical  works  in 
oonnection  with  the  North  Metropolitan  Tramways  Com- 
pany, Canning  Town,  with  the  object  of  ascertaining  the 
OTospects  of  introducing  electricity  as  a  tram  motor  in 
Wigan,  and  Iuub  presented  the  following  report  to  his  co- 
directors  : 

Gentlemen,— In  aooordanoe  with  your  instructions  I  visited  and 
inspected  .the  electrical  works  in  connection  with  the  North  Metro- 
politan Tramway  at  Canning  Town,  and  the  following  observations 
«ro  the  I^B^\%  thereof. 


The  methods  adopted  for  the  practical  solution  of  electrical  trac- 
tion depend  either  on  supplying  all  the  trams,  by  means  of  the 
rails,  with  eleckicitv  from  one  central  station,  or  supplying  each 
individual  tram  with  the  means  of  producing  its  own  current  of 
electricity. 

At  the  works  at  Canning  Town  the  latter  method  is  adopted 
(with  what  financial  success  I  know  not),  and  each  tram  is  sup- 
plied witib  accumulators  or  sets  of  storage  batteries,  which  are 
fully  charged  before  starting,  and  generate  a  current  of  electricity 
which  works  a  motor  connected  by  gearing  with  the  driving  wheels 
of  the  tram. 

Various  types  of  accumulators  appear  to  have  been  tried,  and 
the  one  that  is  the  most  economical  consists  of  a  series  of  leaden 
srids  coated  with  some  composition,  ranerally  red  lead,  and 
immersed  in  diluted  sulphuric  acid.  Such  a  combination  requires 
to  be  charged,  or,  to  speak  in  homely  language,  wound  up  uke  a 
clock. 

To  accomplish  this  it  is  necessary  to  have  a  room  or  station, 
which  they  have  at  Canning  Town,  much  the  same  size  as  the 
depot  at  the  Pemberton  section  of  the  Wigan  Tramways.  This 
station  is  divided  into  two  parts,  one  being  used  for  the  engine  and 
dynamo,  and  the  other  for  the  purpose  of  changing  the  accumula- 
tors that  have  worked  down. 

For  this  purpose  long  benches  run  down  each  side  of  the  metals, 
and  they  are  constructed  in  such  a  manner  that  it  is  comparativelv 
easy  to  remove  the  exhausted  accumulators  and  replace  them  with 
others  freshly  charged. 

When  obliged  the  accumulators  are  placed  in  the  base  of  the 
car  to  supply  the  motor  with  the  current. 

As  far  as  I  could  learn,  the  car  will  run  about  half  a  day  with 
12  accumulators,  six  on  each  side,  and  it  is  absolutely  necessary 
the  car  should  be  of  special  construction  on  account  of  the  weight 
of  the  accumulators,  which  is  from  four  to  six  tons. 

When  the  car  bec^ins  to  work,  the  accumulators  gradually  give 
back  a  portion  of  the  charge  they  have  received,  and,  in  fact,  run 
down  like  a  clock  until  they  exhaust  themselves. 

My  opinion  is  that  this  system  will  not  do,  especialljr  in  a  dis- 
trict like  ours,  subject  to  mining  subsidences,  and  it  is  fraught 
with  difficulties  in  oUier  districts — namelv,  great  expense  in  keep- 
ing the  accumulators  in  order  and  properly  charged. 

There  is  an  enormous  loss  of  efficiency  when  comparing  the 
mechaniccd  work  done  by  the  initial  source  of  power— namely,  the 
engine  used  to  drive  the  dynamo  and  the  amount  of  work  done  by 
the  motor. 

There  are  also  other  losses  which  are  due  to  causes  that  cannot 
easily  be  corrected ;  for  instance,  leakage,  which  is  certain  to  be 
serious  when  dealing  with  sulphuric  acid,  the  splashing  of  the 
sulphuric  acid  on  the  sides  of  the  batteries,  owing  to  the  shaking 
of  the  car,  causing  corrosion  of  the  connections,  and  thus  cutting 
ofFpart  of  the  current. 

The  jolting  of  the  car  is  also  very  apt  to  displace  the  leaden 
grids,  and  cause  the  pieces  of  composition  to  fall  between  the 
plates,  thus  neutralising  the  current  by  *'  shorting  "  it. 

The  efficiency  of  the  accumulators  may  thus  be  easily  destroyed, 
and  it  would  be  valuable  information  could  we  get  at  the  deprecia- 
tion written  off  by  the  company  working  the  North  Metropolitan. 
The  engineer,  in  answer  to  a  question,  said  it  was  difficult  to  get 
at  depreciation  on  account  of  the  excessive  mechanical  power  they 
used  for  driving  the  dynamo,  but  this  need  not  affect  depreciation 
from  other  causes. 

Another  objection  which  appears  to  me  to  be  fatal  to  this  sys- 
tem is  that  it  is  difficult  to  regulate  the  current  given  off  by  the 
accumulator  to  accommodate  the  different  loads  we  in  Wigan  arc 
called  upon  to  carry. 

This  IS  important,  as  the  life  of  an  accumulator  must  depend 
gceatly  on  the  current  being  drawn  regularly  from  it,  and  this  is 
almost  impossible  with  different  loads  and  varying  gradients. 

Another  objection  I  have  is  that  the  accumulators  give  off  un- 
healthy gases,  principally  hydrogen ;  in  fact,  the  bad  smell  inside 
the  car  at  Canning  lown  put  me  on  the  scent  of  the  sulphuric 
acid. 

I  do  not  see  how  regularity  of  work  can  be  secured,  as  the 
accumulator  must  generate  most  power  when  fully  charged,  and 
not  like  a  clock,  where  the  power  is  fully  maintained  until  quite 
run  down. 

To  summarise  my  objections : 

(1.)  Accumulators  only  give  off  a  portion  of  the  power  put  into 
them. 

(2.)  They  only  work  well  when  at  rest,  and  cannot  stand  the 
jolting  inseparable  from  any  but  fancy  tramways. 

(3.)  They  require  skilled  labour  to  charge  and  work  them. 

(4.)  They  cannot  be  relied  on  unless  the  strain  ia  regular,  which 
is  impossible. 

The  engineer  of  the  electric  company  displayed  every  anxiety  to 
supply  all  information  to  the  deputetion  except  as  to  depreciation, 
and  on  this  matter  he  had  not  much  to  say. 

RioHAXD  Johnson, 
Chairman  of  the  Wigan  Tramways  Company,  limited. 


CITT  NOTES. 


BraHllaa  BnlimarliM  Tslegmpli  Compaiiy.r— The  receipts  for 
the  week  ended  August  22  amounted  to  £6,121. 
WaaSem  and  BraiUlan  Ttflagrapli  Company,  Limited.— The 

receipts  for  the  week  ended  August  22,  after  dedaotlng  the 
fifth  of  the  flposs  receipts  piqrable  to  the  London  Platino-BrasiliaQ 
Telegraph  Company,  were  £SfiH% 


Ll 
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NEW  COMPANIES  REGISTERED. 


VmngtmafStrntTin  KtoetrtMa  XagtBaarlnc  Company,  Xtlmlted. 

RegiBtered  by  Lowles  and  Co.,  26,  Martin's-lane,  £.C.,  with 
a  capital  of  £25,000,  in  4,976  ordinary  shares  of  £5  each,  and 
25  founders'  shiures  d  £5  each.  Object :  to  carry  into  effect  an 
a^preement,  made  Aug.  11,  between  John  Vaughan-Sherrin  of  the 
one  part,  and  Richara  Frederick  Dempster,  on  behalf  of  the  Com- 
pany, of  the  other  part,  and  to  manufacture  electric  motors,  gene- 
ratm,  tricycles,  Bath  chairs,  boats,  and  machines,  or  any  carnage, 
▼easel,  or  machine,  either  wholly  or  partly  propellBd  or  worked  oy 
electricity,  upon  anv  system  whatever,  and  for  carrying  on  the 
business  of  eieotricai  and  mechanical  engineers,  and  all  manufac- 
tures connected  therewith  or  relating  thereto.  The  first  sub- 
scribers are: 

Shares. 

E.  H.  Roberts,  85,  Rushmore-road,  Cnapton,  N.E 1 

H.  E.  Woodgate,  123,  Pall-mall  1 

H.  Snarrin,  19,  Duncan-terrace,  N 1 

H.  H.  Paice,  81,  Sydner-road,  N 1 

J.  H.  Dempster,  59,  Abbey-street,  Bermondsey  1 

^      T.  J.  Edwards,  18,  Standard-street,  Newington,  S.E. ...    1 
E.  M.  Simmonds,  17>  Duncan-terrace,  N 1 

Mr.  John  Vaughan-Sherrin  is  appointed  managing  director  at  a 
salary  of  £300  per  annum.  The  regulations  contained  in  Table  A, 
with  slight  modifications,  apply. 


PROVISIONAL  PATENTS,  1890. 


August  18. 

12914.  Xminrovemente-  In  mwrftdham  Iter  ooBtrolUiig  and  regu- 
lating doaUe  or  oomponnd  eleetiio  motors,  eapeolally 
applioalile  to  traction  or  marine  propulsion.  Alfred 
James  Jarman,  11,  FurnivsJ-street,  Holt>orn,  London. 

12915.  Imvrorementa  In  teuah  holders  for  dynamo-eieotrle 
motors  and  generators.  Alfred  James  Jarman,  11,  Fur- 
nival-street,  Holbom,  London. 

12952.  laavroTomMats  In  are  lamps.  William  Lowrie,  Charles 
James  Hall  and  Huibert  Doyer,  433,  Strand,  London. 

12957.  Unprovements  In  elaetrlo  llgbtSng  by  means  of  ooln 
Itesd  apparatus.  Dixon  Henry  Davies  and  John  Mesney 
Tourtel,  28,  Southampton-buildings,  London. 

12958.  Improrements  In  apparatus  fdr  eJftiHlng,  hw  Insertion  of 
a  coin,  tlie  produotlon  of  eleotrlo  light  ftir  a  certain  time. 

Dixon  Henry  Davies  and  John  Mesney  Tourtel,  28,  South- 
ampton-buildings, London. 

August  19. 

12979.  Improvements  In  thsrmoiielsetrls  gsnsrators.  Harry 
Barringer  Cox,  46,  LinoolnVinn-fields,  London.  (Complete 
specification.) 

12997.  An  Improved  aieetrleal  roeh-drlU,  coamtgger,  or  earth- 
outter.  William  Blanch  Brain,  Arthur  J.  Amot,  and 
Frank  Baker,  321,  High  Holbom,  London.  (Complete 
specification.) 

13002.  Xmprorements   relating  to  Indoetlon  cells  or  trans- 
'  fwrmers  ohiefly  deslgnod  for  use  In  welding  or  otherwise 

worhtng  metal  by  eieetrlelty.  Henry  Harris  hake,  45, 
Southampton-buildings,  London.  (EMiu  Thomson,  United 
States.)    (Complete  specification.) 

13003.  Improvements  In  the  manuteotmre  of  «lseCrodes  for 
primary  and  seoondary  batteries.  David  Pepper,  jun., 
45,  Southampton-buildings,  London.  (Complete  specifica- 
tion.) 

18006.  Improrsments  In  welding  or  etherwiss  worUng  metals 
by  eieetrlelty,  and  In  apparatus  thereibr.  Henrv  Harris 
Lake,  45,  Southampton-buildings,  London.  (Elihu  Thomson, 
United  States.)    (Complete  spMification.) 

18009.  Xuiprovemonts  In  printing  telegraphs.  John  Byron 
Odell,  45,  Southampton-buildings,  London.  (Complete 
specification.) 

13013.  Improvements  In  the  manuflMture  of  eieetrodes  for 
primary  and  seoondary  batteries.  David  Pepper,  jun., 
45,  Southampton-buildings,  London.  (Complete  specifica- 
tion.) 

13024.  Method  of,  and  apparatus  for  producing  by  meana  of 
Electrolysis  deoomposed  products  of  melted  haloid  salts, 
and  other  eomblnatlons  of  metals.  Gustaf  Otto  Renner- 
felt,  77,  Chancery-lane,  London.     (Complete  specification.) 

13042.  Improirements  In  or  appertaining  to  eleotrlo  railway 
aystems.  Charles  Joseph  Van  Depoele,  6,  Lord-street, 
Liverpool.     (Completo  specification.) 

13044.  A  new  or  Improved  method  and  iq^paratus  for  efBoetIng 
eoonomy  of  eleotrlo  fnroe  In  eleetrle  writing.  Paul 
Etienne  Bardonnaut  and  Pierre  Juppont,  6,  Lord -street, 
LiverpooL  (Date  applied  for  under  Patents  Act,  1883, 
Section  103,  20th  February,  1890,  being  date  of  application 
in  France. )    (Complete  specification. ) 

13049.  Improvements  In  eleotrlo  telegraphs,  In  part  appUeable 
for  slgnalHug  on  raeeoourses  and  elsewhere.  Francis 
Edward  Macmahon,  24,  Southampton-buildings,  London. 


August  20. 

13107.  UnprovumsBts  In  eleotrlo  aro  lamps.  Karl  Kunnayer, 
Sigmund  Cappilleri,  Hermann  Grunwald,  and  Carl  Holzap* 
fel,  45,  Southampton-buildings,  London. 

August  2L 

13123.  mprovementB  In  eieetrlelty  meters  for  alteraattaig  er 
Interrupted  ourrents.,  George  Hookham,  7»  Kew  Bartholo- 
mew-street,  Birmingluun. 

13129.  Improrements  In  safoty  fbses  or  out-outs  for  eleetrleal 

olroults.     Arthur   William   Slater,  10,  Lansdowne-place, 

Blaokheath. 
13147.  Improved  auotrtoal  drilling  maoblna,    William  Henry 

WiUatt,  28,  Witham,  HulL 
13171.  Improvements  In   fittings   for    taoandeaeent  elaetrlo 

lamps.    Leopold  Hoepl  and  Emile  Courtin,  4,  South-street, 

Finsbury,  London. 
13175.  Improvements  In  miners^  eleetrle  safolgr  lampa.  William 

Peto,  8,  Quality-court,  London. 
13187.  IfeaproveBMnts  In  eleetro-motors.    Ross  Franklin  Moore, 

24,  Southampton-buildings,  London.    (Complete  spedfioa- 

tion.) 

August  22l 

13190.  Improvements  la  euirttlng  eleotromagnets  and  siaetro- 
magnetle  maehlnery.  Rankin  Kennedy,  10,  Lidia-street, 
Kilmarnock.    (Complete  specification.) 

13199.  Improvements  In  eleotrlo  telephone  switdh  apparatus. 
John  Graham,  46,  {Belmont-street,  Haverstock  Hill.  Lon- 
don. 

13212.  Improvements  In  elaotrle  aeeumulators.  Robert  Drys- 
dale,  7t  Cherry-street,  Birmingham. 

13233.  Improvements  In  portable  eleetrle  Umpa,  mors 
eopeolally  Intended  for  minora'  use.  The  Mininis^  and 
General  Electric  Lamp  Companv,  Limited,  and  William 
Moscrop,  47,  Lincoln's-inn-fields,  London.  (Complete 
specification.) 

13239.  A  method  of  and  appUanoes  for  produeing  magneto  In- 
ductions. Louis  Bollmann,  28,  Southampton-buildings, 
London. 

13266.  improvements  In  ooln-ftreed  eleotrloal  apparatua.  John 
Thomas  Gent,  Alwyn  Walter  Staveley,  and  Isaac  Hardy 
Parsons,  4,  South-street,  Finsbury,  London. 

13260.  Improved  means  for  the  distribution  of  eleetrleltar. 
Michael  von  Dolivo-Dobrowolsky  and  Paul  Mamroth, 
trading  as  Alk^meine  Electricit^ts  Gesellschaft,  47» 
Linooln's-inn-fields,  London. 

Acoust  23. 

13261.  Improvements  In  and  oonneeted  with  primary  galvanio 
batterlea.  William  Joseph  Starkey  Barber-Starkey,  70, 
Market-street,  Manchester. 

13276.  Improvements  In  oovering  wires  to  j^roteot  them  firom 
oorrostoUt  eapeolally  applicable  to  eleotrloal  oonduotors. 
Edward  Shinn,  26,  Castle-street,  Liverpool. 


SPECIFICATIONS  PUBLISHED. 

1889. 

12236.  Alternating,  ate.,  Eleotrlo  eurrenta.    Swinburne.    8d. 

12237.  Beetrle  tranaformers.    Swinburne.    8d. 
12503.  Dynamo-oleotrlomaolilnoa.    Andersen.    8d. 
14971.  Seoondary  batterlea.    Dujardin.    6d. 

1890. 

7988.  Wtfding  metals  eleotrteally.    Coffin.    6d. 

7989.  Welding  metals  by  eieetrlelty.    Coffin.    6d. 

7990.  Beotrle  welding.    Coffin.    6d. 

7991.  Xleotrlo  welding.    Coffin.    6d. 

7992.  Xleotrlo  welding.    Coffin.    6d. 

7993.  Waiding  metals  eleotrtoally.    Coffin.    6d. 

7994.  Welding  metala  eieetrleaUy.    Coffin.    8d. 
10134.  Xleotrlo  eables,  eto.    Johnson  (Cheever).    4d. 


COMPANIES'  STOCK  AND  SHARE  UST. 


Anglo-Amerioan  Bmah  

—  Pref.     

India  Rubber,  Gutta  Peroha  k  Telegraph  Co.     .  ... 

House-to-House 

Metropolitan  Electric  Supply    

London  Electric  Supply    

Swan  United 

Grompton  ft  Co.,  Pref.  

National  Telephone    

Kleotrio  Construction... 
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5 

5 
10 
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NOTEa 


Anstiiiiii  Teohnioal  College. — ^A  technical  school  of 
electricity^  under  Gk)yernmeDt  control,  is  to  be  opened  in 
Vienna  in  October. 

Strike  ef  Westlnfflioiise  Men.— About  1,800  men 
employed  by  the  Weatinghouse  Electric  and  Machine  Com- 
panies at  Pittsburg,  U.S.,  have  struck  for  a  nine  hours' 
day. 

Newoaetle  Pnbllo  Zdtirary.— At  a  meeting  of  the 
Newcastle  Free  Library  Committee  it  was  decided  to  recom- 
mend the  Council  to  fit  up  the  library  with  the  electric 
light 

Statne  to  Gay-LoBBac. — ^The  statue  of  Gay-Lussac, 
executed  by  Millet,  was  unveiled  at  Limoges,  on  Aug.  11th, 
by  the  Minister  of  Commerce  and  the  Association  Seientifique 
of  France. 

Maaeheeter  Town  Hall. — ^The  Town  Hall  Committee 
of  the  Manchester  Town  Council  are  considering  the 
advisability  of  the  introduction  of  an  installation  for 
electric  lighting. 

Dr.  Herti. — ^It  is  not  generally  known  that  Dr.  Hertz, 
whose  researches  into  electrical  wave-lengths  have  already 
made  him  famous  the  world  over,  is,  as  Dr.  Louis  Duncan 
recently  says  in  his  paper  on  the  subject,  a  young  Qerman, 
yet  scarcely  30  years  old. 

Chelmeford. — ^The  Chelmsford  Jubilee  clock  is  to  be 
lighted  with  two  32  c.p.  incandescent  lamps  by  Messrs. 
Crompton  at  a  cost  of  fixing  of  £3  and  annual  charge  of 
JS4.  13s.  8d.  instead  of  £12,  which  is  the  present  cost  of 
lighting  the  clock  by  gas, 

Oa8*Tlsrht  Switehee. — Electric  switches  are  now 
made  in  watertight  and  gas-tight  cases,  provided  with 
stuffing-boxes,  to  allow  proper  movement  of  the  handles 
for  use  in  situations  where  damp  air  or  acid  fumes  would 
tend  to  deteriorate  the  connections. 

Horse  Fair  hy  Electrio  Ltght. — ^The  first  instance 
of  its  kind  tookj  place  a  week  or  two  ago  at  New  York, 
where  a  very  successful  horse  fair  was  held  under  electric 
light,  and  all  the  points  of  the  horses  were  as  distinctly 
brought  out  as  if  they  were  in  the  sun. 


. — It  is  thought  by  the  ratepayers  of  Hastings 
that  the  electric  lighting  project  could  not  be  carried  out 
for  the  amount  estimated  by  the  borough  surveyor  (£5,550, 
with  5  per  cent,  for  contingencies),  and  it  was  decided  to 
ask  the  Mayor  to  call  a  public  meeting  on  the  subject. 

Sheemess. — ^The  Sheemess  Local  Board  of  Health 
have  under  consideration  the  question  of  adopting  the 
electric  light  in  the  place  of  gas  for  street  lighting  purposes. 
Hey  have  given  their  surveyor  instructions  to  provide 
them  with  full  information  on  the  subject  at  their  next 
meeting. 

Hajdm* Weston  Stoek. — The  machinery,  plants  and 
stock  of  the  Maxim-Weston  Company,  now  in  liquidation, 
is  offered  for  purchase  by  tender  in  one  lot  at  the  company's 
works,  Kingriand  Green,  Dalston.  The  particulars  may 
be  obtained  of  the  liquidator,  at  55,  Yictoria-masions, 
Westminster. 

Fnlluun  Qnardlan  Board, — ^The  clerk  reported  that 
Messrs.  Woodhouse  and  Bawson  had  sent  in  a  tender  for 
the  electric  lighting  work  at  a  cost  of  £3,1 90,  guaranteeing 


the  same  tor  12  months.  The  clerk  explained  that  the 
tender  had  not  been  solicited,  but  it  was  a  very  low  one. 
It  was  referred  to  committee. 

Eleotrlo  Ulning  Plant.— One  of  the  first  electric 
mining  plants  erected  in  West  Virginia  has  just  been  put 
up  by  the  Thurmond  Coal  Company  at  its  mines  at 
Fayette.  The  plant  will  cost  over  20,000dols.,  and  will 
consist  of  lights  as  well  as  mining  machinery.  The 
dynamos  will  be  of  350  amperes  capacity. 

Glasgow  RaUway  Station.— The  electrio  lighting 
of  the  Caledonian  Bailway  Station,  Glasgow,  when 
extended,  will  be  the  largest  single  installation  out  oi 
London  in  the  United  Kingdonu  There  will  be  1,700 
incandescent  lamps.  Two  new  engines  are  to  be  put  down, 
and  the  installation  is  to  be  ready  in  three  months. 

Mnslo  by  Telephone.— An  experiment  made  on 
Wednesday,  in  Berlin,  in  transmitting  operatic  music  by 
telephone  from  the  Opera  House  to  the  Urania  Theatre  of 
Science  was  a  complete  success.  It  is  hoped  that  it  will 
be  possible  to  make  an  arrangement  with  the  telephone 
exchanges  to  furnish  other  places  with  music  through  the 
telephone. 

Weyliridge. — ^The  consent  has  been  given  by  the 
Chertsey  Sanitary  Authority  for  the  granting  of  a  provi- 
sional order  for  Weybridge  to  the  Laing,  Wharton,  and 
Down  Syndicate.  Partial  electric  lighting  of  the  district 
has  already  been  carried  out  by  this  company  for  some  time 
by  overhead  wires,  and  one  of  the  conditions  of  assent  is 
that  all  wires  shaU  be  removed  and  laid  underground  within 
two  years  from  the  date  of  the  order. 

Hnddersfield.— It  was  reported  at  the  last  monthly 
meeting  of  the  Hnddersfield  Town  Council  that  the  sub* 
committee  had  considered  the  advisability  of  taking  stops 
for  the  establishment  of  an  electric  light  station  under  the 
provisional  order  which  the  Corporation  has  now  obtainedi 
and  a  deputation,  consisting  of  the  Mayor,  together  with 
members  of  the  sub-committee,  were  appointed  to  inspect 
the  electric  light  systems  at  work  in  other  towns  and  to 
report  thereon. 

Ship  Lighting. — ^The  contract  for  lighting  the  four 
new  steamers  for  the  Manchester,  Sheffield,  and  Lincoln- 
shire Bailway  Company  has  been  given  to  Messrs.  Paterson 
and  Cooper.  Two  of  these  are  being  built  by  Earle's  Ship- 
building Co.,  Hull,  and  two  by  Swan  and  Hunter,  New- 
castle. Messrs.  Paterson  and  Cooper  have  on  hand  besides 
the  above  thelighting  of  the  s.s.  "  Innamincka,"  '*  Garnet," 
"Tuokar,"  "Arranmore,"  "City  of  Dundee,"  and  H.M. 
training  ship  "  Empress." 

Eleotrio   Drills  in  Oovemment  Dookyards.— 

Electric  driUs  are  in  successful  use  at  the  U.S.  Government 
Navy  Yard  at  Brooklyn.  The  box  containing  the  drill  is 
about  18in.  long,  and  contains  only  the  motor  and  a  coil  of 
wire  for  connections.  The  motor  runs  at  a  speed  of  2,800 
revelations  per  minute,  but  is  geared  down  so  that  the 
speed  of  the  drill  is  comparatively  low.  An  inch  hole  can 
be  bored  through  a  half -inch  iron  plate  in  30  seconds  with 
one  of  these  portable  machines. 

A  Oomer  in  Carbons. — ^According  to  press  dispatchesi 
the  Thomson-Houston  Company  has  purchased  the  National 
Carbon  Company  at  Cleveland,  and  are  negotiating  for  the 
Standard  Carbon  Company  of  the  same  city.  The  Brush 
factory  is  already  controlled  by  them.  This  leaves  only 
the  Globe  Company  competitors.     The  works  mentioned 
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with  another  at  Fremont,  owned  by  the  Thomson-Houston, 
together  turned  out  70  per  cent,  of  the  total  90,000,000 
carbons  annually  used  in  the  United  States. 

Bleotrio  RAllway  between  Elberfield  and  Bar- 
men.— A  contract  has  just  been  entered  into  by  Messrs. 
Siemens  and  Halske,  of  Berlin,  with  the  towns  of  Elberfeld 
and  Barmen  (Westphalia),  to  construct  and  maintain  at 
their  own  expense  an  elevated  electric  railway  between 
both  places  for  the  purpose  of  carrying  passengers  and 
goods.  The  two  towns  are  entitled  to  acquire  the  property 
of  the  railway  for  a  fixed  sum  after  a  five  years'  period  of 
successful  running.  It  is  intended  to  begin  work  in  the 
early  spring  of  1891,  and  to  open  the  railway  early  in  1893. 

Are  lAght  Prioes. — ^The  tender  of  the  Thomson- 
Houston  Company  for  arc  lighting  at  Napa,  California,  has 
been  accepted  at  the  following  prices :  24  arc  lights,  l,200c.p., 
until  1  a.m.,  10  dols.  (£2)  each;  24  arc  lights,  1,200  c.p., 
all  night,  15dols.  (£3)  each.  At  Springfield,  Ohio,  the 
Common  Council  has  recently  let  the  contract  for  100  arc 
lights  of  2,000  c.p.  to  the  Thomson-Houston  Company  at 
lOOdols.  (say  £20)  each  per  annum ;  lights  to  shine  from 
half  an  hour  after  sunset  to  one  hour  before  sunrise  every 
night  in  the  year,  with  deductions  for  lost  time  pro  rata. 
We  suppose  the  first  case  are  monthly  rates,  though  it  is 
not  so  stated. 

Litlianede  Lamps. — We  see  that  considerable  atten- 
tion is  being  given  in  the  French  and  Belgian  papers  at  the 
present  time  to  a  new  lamp  (there  called  the  *' Stella") 
lately  presented  to  the  Academic  des  Sciences.  This  is  the 
lithanode  battery  invented  by  Mr.  Fitzgerald,  the  property 
of  the  Mining  and  General  Flectric  Lamp  Co.  Trials  have 
been  made  in  Belgian  mines,  apparently  with  considerable 
success.  The  company  are  understood  to  guarantee  the 
lamp  for  four  years ;  its  weight  is  given  as  1,800  grammes, 
and  it  will  bum  for  16  consecutive  hours.  The  mines  of 
Anzin  are  reported  as  having  just  made  a  very  large  ap- 
plication of  this  lamp. 

Iridium  Filaments. — The  following  particulars  are 
given  without  further  comment  by  the  Scientific  American 
under  the  title  of  "ThelridiumLight":  Upon  a  suitable  plate 
or  support,  such  as  wax,  the  form  of  the  desired  filament  is 
pencilled  with  plumbago;  this  is  placed  in  an  electrical 
iridium  bath.  When  a  film  of  sufficient  thickness  is  de- 
posited upon  the  stencilled  design,  the  filament  is  peeled  off 
from  the  beeswax  and  the  plumbago  brushed  off  the  back. 
Iron  wires  are  used  as  conductors.  The  filament  is  incan- 
desced in  the  atmosphere,  as  it  is  practically  non-combus- 
tible, or,  for  security  against  breakage,  it  may  be  incan- 
desced in  any  suitable  gas  or  in  a  vacuum. 

Eleotiie  Slaoffhterinflr. — Two  inventors  of  Gunnison, 
Colorado,  have  brought  out  an  electric  slaughtering  appa- 
ratus for  animals.  It  is  stated  that  meat  killed  this  way  will 
keep  longer,  and  that  pork  is  found  to  be  entirely  free  from 
trichina.  The  apparatus  consists  of  a  pen  with  a  metallic 
floor  in  two  sections  connected  to  a  high-pressure  dynamo, 
and  the  animal  is  first  driven  through  a  pool  of  water  to 
damp  its  hoofs.  Direct  application  of  electrodes  can  be 
effected  if  desired.  The  proposers  of  this  method  appear 
to  have  tried  it  in  practice,  and  if  they  find  it  successful  in 
all  respects  they  may  be  expected  to  press  its  use  upon  the 
attention  of  the  large  slaughtering  firms  of  Chicago  and 
elsewhere. 

Siwitserland. — A  central  electric  station  has  recently 
been  opened  at  Locle,  in  Switzerland,  and  is  a  further 
example  of  the  utilisation  of  waterfalls  for  the  generation 


of  electricity,  now  very  general  in  that  country.  The  town 
of  Locle  is  situated  in  a  deep  valley,  the  waters  of  which 
fall  into  an  artificial  lake.  From  here  iron  tubes  conduct 
the  water  to  the  station,  where  the  turbines  are  directly 
coupled  to  Thury  dynamos.  The  current  is  distributed  at 
180  volts  within  a  radius  of  about  two  miles  by  the  threcr 
wire  system.  There  are  at  present  185  public  lamps  and 
1,500  lamps  in  private  houses,  besides  motors  for  various 
purposes.  The  total  motive  power  used  for  business  pur- 
poses already  amounts  to  50  h.p. 

Tronve  Eleotiie  Safety  Lamp.— The  portable 
safety  lamp,  devised  by  M.  Gustavo  Trouv6,  with  a 
primary  battery  of  surcharged  bichromate  of  potash,  is  now 
employed  in  the  French  Goveniment  powder  magazines  at 
Servan-Livry  andat  Bipault,a8  well  as  in  the  military  artillery 
schools,  the  Paris  Gas  Company,  and  the  fire  brigade  at 
Paris,  and  the  Italian  navy.  The  current  furnished  by 
this  lamp  is  1*5  amperes  at  11*4  volts,  or  17'10  watts 
during  three  hours,  or  a  total  of  51-3  watt-hours.  This 
corresponds  to  a  light  of  4*2  c.p.  for  three  hours  or  of 
1  c.p.  for  12  or  13  hours,  which  is  found  considerably 
superior  to  that  of  the  usual  type  of  miner's  lamp.  The 
weight  of  the  lamp  and  cost  of  maintenance  are  not  given. 

Eleetiio  Ship-SiKnallinflr  in  Fegs.— An  ingenious 
invention  was  recently  described  in  Engineering  for  dis- 
tinguishing and  safeguarding  vessels  in  fogs.  It  is  based 
on  the  fact  that  when  a  fog  hovers  over  water  there  is 
always  a  clear  space  of  a  few  feet  between  the  surface  of 
the  water  and  the  bottom  layer  of  the  fog.  Each  vessel 
is  to  be  provided  on  one  side  of  its  bow,  just  above  its  highest 
water-line,  with  a  horizontal  row  of  glazed  portholes,  and 
on  the  opposite  side  with  a  vertical  row  of  like  holes. 
Electric  lights  are  arranged  to  throw  beams  of  light  forward 
and  laterally  through  these  portholes,  the  different  arrange- 
ment of  which  is  to  serve  to  show  the  course  of  the  vessel. 
Sighting  portholes,  carrying  telescopes,  are  also  to  be  pro- 
vided close  to  the  former  porthole. 

Mitoliam. — We  should  imagine,  when  so  much  fight  ia 
being  made  over  lighting  contracts,  that  it  would  be  worth 
while  giving  a  little  attention  to  Mitcham.  At  the  Vestry 
meeting  held  last  week  the  lighting  question  was  raised 
and  discussed.  They  have  268  lamps,  and  previously  the 
place  has  only  been  lighted  for  10  months  from  sunset  to 
one  o'clock,  for  which  they  have  been  paying  £Z  per  lamp 
per  year.  Now  it  is  proposed  to  keep  them  alight  all  night 
for  the  cost  of  £3.  15s.  each.  Six  lamps  are  to  be  added, 
the  lamps  are  in  bad  condition  and  must  be  repaired,  zinc 
plates  are  to  be  put  on,  and  with  other  charges  a  grand 
total  of  £1,150  per  year  is  proposed  to  be  raised  by  the 
Vestry  for  public  li6;hting.  There  seems  to  be  a  very  fair 
chance  for  electricity  under  such  conditions. 

Woelwioh, — ^A  special  meeting  of  the  Woolwich  Local 
Board  has  been  held  to  consider  the  notice  of  motion  by 
Mr.  Green  to  rescind  the  resolution  of  the  last  meeting 
giving  their  consent  to  a  provisional  order  granted  to  the 
Woolwich  District  Electric  Light  Company  to  supply  elec- 
tricity for  lighting  purposes  in  the  parish  of  Woolwich. 
Mr.  T.  Hughes  seconded.  The  Bev.  J.  W.  Horsley  said 
that  the  electric  light  was  much  healthier  than  poisonous 
gas  in  churches,  houses,  and  shops.  He  wished  the  electric 
light  movement  God-speed.  The  chairman  said  that  the 
promoters  of  the  company  were  himself,  Messrs.  Dale, 
Campbell,  Kandall,  R.  Webb,  Whale,  Mellish,  and  FfH^e. 
After  some  discussion,  the  question  of  rescinding  the  resd>. 
lution  was  postponed  till  the  next  meeting  in  order  that  tho 
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subject  may  be  discuased  by  a  committee  of  the  whole 
Boaid. 

Cbelsea  Kleotrio  Station.— While  both  high  and 
low  tension  systems  are  extending  in  many  directions,  the 
combination  high  and  low  tension  direct-current  supply,  or 
what  may  be  called  the  modified  "Colchester"  system, 
devised  by  Mr.  Frank  King,  is  progressing  with  much 
vigour.  The  company  have  400  30-plate  accumulators  of 
the  heavy  KP.S.  type,  in  eight  sets  of  50,  which  are 
charged  during  the  day  by  four  separately  excited  Brush- 
Victoria  dynamos,  driven  direct  by  high-speed  engines  and 
joined  up  in  series  at  a  pressure  of  2,000  volts,  each 
machine  giving  500  volts  and  75  amperes.  The  steadiness 
and  certainty  of  the  supply  from  accumulators  is  appre- 
ciated, and  we  should  suppose  the  high-tension  charging 
will  enable  the  current  to  be  economically  supplied.  We 
understand  there  are  now  about  23,000  100- volt  lamps  on 
their  books. 

Kagnetto  OloBOd  Cironltsu— At  a  meeting  of  the 
Serlin  Physical  Society  a  short  time  ago.  Dr.  Dubois  spoke 
00  magnetic  dosed  circuits,  whose  theory  constitutes,  in 
addition  to  hysteresis,  the  most  important  advance  which 
magnetism  has  made  in  recent  times.  He  gave  a  short  his- 
torical review  of  the  more  impoitant  published  works  on 
the  subject,  pointing  out  that  they  were  at  first  the  result 
rather  of  an  endeavour  to  make  the  requisite  calculations 
connected  with  dynamos  for  technical  purposes,  and  had 
only  attracted  the  attention  of  physicists  in  a  secondary 
and  subordinate  degree.  The  works  of  Faraday,  Maxwell, 
Sir  W.  Thomson,  Hopkinson,  Lord  Bayleigh,  and  the 
experimental  researches  of  Bowland  were  briefly 
mentioned ;  Hopkinson's  formulee  and  Lord  Bayleigh's 
graphic  representations  were  then  more  fully  treated ;  and, 
finally,  the  formula  for  the  magnetisation  of  a  closed  circuit 
was  developed. 

Almntnlnm  from  Olay. — One  of  those  world-revo- 
lutionising discoveries  that  are  occasionally  announced — 
sometimes  with  truth  and  more  often  without — ^is  stated  to 
be  made  by  a  (German  chemist,  Prof.  J.  Hirsch,  now  living 
in  Chicago,  who  asserts  that  he  has  discovered  a  process 
by  which  he  can  extract  aluminium  from  common  clay  at  a 
coat  of  about  7d.  per  pound.  As  the  cheapest  at  present  is 
some  4s.,  which,  notwithstanding  its  admirable  qualities, 
keeps  it  practically  unutOisable  in  mechanics,  the  professor 
should  have  a  fortune  before  him.  He  says  he  has  been 
working  at  the  problem  since  1865,  and  has  already  secured 
all  the  financial  support  he  requires.  Premises  have  been 
taken,  and  he  promises  to  commence  at  once  turning  out 
3001b.  a  day  from  the  start  If  there  is  anything  in  the 
statement,  a  sample  building  in  the  shining  metal,  strong  as 
steel  and  almost  as  light  as  wood,  would  cheer  the  hearts 
of  novelty-loving  architects  and  engineers,  to  say  nothing 
of  its  effect  in  the  electrical  industry. 

CwrdUr  Gontna  Statloii.— The  Brush  Electrical 
Engineering  Company  are  distributing  to  their  customers 
in  Cardiff  a  circular,  intimating  that  they  have  decided  to 
close  for  a  time,  from  the  1st  October  next,  their  electric 
light  station  in  Cardiff  It  is  their  intention  to  consider- 
ably extend  the  capacity  of  the  works,  and  so  soon  as  they 
have  obtained  the  consent  of  the  Town  Council  to  distribute 
the  current  by  means  of  underground  wires,  instead  of  by 
overhead  wires  as  ^heretofore*  This  decision  ui  explained 
by  the  fact  that  the  Board  of  Trade  require  the  company 
to  forthwith  put  the  overhead  circuits  into  conformity  with 
their  new  roles  and  regulations.    It  is  expected  that  the 


Town  Council  will  recognise  the  useful  work  done  by  the 
company  during  the  last  eight  years  in  Cardiff,  and  that 
they  will  not  refuse  their  consent  to  the  laying  of  the  wires 
underground.  For  the  transaction  of  all  the  other  business, 
as  consulting  electrical  and  mechanical  engineers,  contrac* 
tors  for  electrical  apparatus,  etc.,  the  company's  local  offices 
remain  in  Working-street,  Cardiff. 

The  Lightinff  Qaestton  at  Poigntoiu — ^At  the  kst 

meeting  of  the  Paignton  Local  Board,  Mr.  Pamell  moved : 
''  That  it  be  an  instruction  to  the  Lighting  Committee  to 
endeavour  to  arrange  with  the  gas  company  for  a  test  of 
the  actual  average  of  gas  used  in  the  lighting  of  the  town, 
and  to  enquire  as  to  any  more  effective  and  least  expensive 
means  of  lighting  than  that  now  in  public  use."  He  com- 
phdned  of  the  high  price  they  were  paying  for  hunps,  and 
while  not  imputing  that  the  company  wished  to  charge  for 
more  gas  than  was  actually  consumed,  insisted  that  the 
actual  quantity  should  be  ascertained.  The  scope  of  his 
resolution  included  ah  enquiry  as  to  the  terms  on  which  the 
gas  works  could  be  acquired  by  the  Board,  for  he  held  that 
the  works  ought  to  be  in  the  hands  of  the  public  authority 
as  much  as  water.  The  committee  would  also  have  to 
enquire  into  other  modes  of  lighting,  whether  by  oil,  Water- 
gas — ^which  seemed  to  have  been  successfully  introduced 
into  Harregate — or  electricity.  Mr.  Bridgman  seconded 
the  motion,  which  was  adopted  unanimously. 

Mill  Uffhtliiflr. — ^Messrs.  Ernest  Scott  and  Co.,  electrical 
engineers,  Newcastle-on-Tyne,  have  obtained  the  contract 
for  the  complete  electric  light  installation  for  the  new  flour 
mill,  at  Dunston,  being  built  by  the  Co-operative  Wholesale 
Society.  This  mill  when  completed  will  be  one  of 
the  lugest  in  the  kingdom,  if  not  the  largest,  and  the 
electric  light  phuit^  which  is  being  put  in  in  duplicate,  will 
consist  of  two  400-light "  Tyne  "  compound-wound  dynamos, 
running  at  600  revolutions  per  minute,  and  466  16-c.p. 
incandescent  lamps.  The  are  light  installation  will  consist 
of  one  nine-unit  "  Tyne  "  compound-wound  dynamo,  with 
lO-ampere  "  Tyne  "  are  lamps  in  strong  water-tight  lanterns 
with  reflectors.  We  hear  that  Messrs.  Ernest  Scott  and 
Co.  have  a  considerable  quantity  of  work  in  hand  of  all 
descriptions,  including  a  large  contract  for  the  lighting  of 
Messrs.  Arthurs  and  Co.'s  works  in  Glasgow,  in  which  two 
400-light  "  Tyne "  dynamos  will  be  used.  They  are  also 
lighting  Messrs.  John  Bright  and  Bros.'  mills  at  Rochdale, 
the  new  works  of  the  BoUon  Evening  News^  and  the  cold 
meat  rooms  of  the  Northern  Counties  Ice  Co. 

Eleotric  Sheop  Shearing  Maehliias. — ^Mechanical 
methods  of  sheep  shearing  have  long  taken  a  practical  form, 
and  are  in  use  in  Australia  on  big  farms.  These  machines  (or 
pieces  of  apparatus,  for  they  partake  of  the  nature  of  horse 
clippers)  are  either  direct  driven  with  gearing,  or  driven 
with  compressed  air.  It  is  suggested  that  the  application 
of  electricity  to  the  sheep  shearing  machines  would  form 
the  happiest  solution  of  the  problem,  and  for  the  man  who 
did  this  a  perfect  fortune  would  be  achieved.  It  is  stated 
that  no  instance  is  known  of  an  electric  sheep  shearer  in 
actual  use,  and  none  were  shown  at  the  recent  great  con- 
test  The  judges  considered  compressed  air  machines 
better  than  the  direct  driven,  and  the  directdriven  machine 
itself  has  proved  very  efficient.  It  is  believed  that  there  is 
a  great  future  for  electric  shearing  machines,  but  as  yet 
there  is  none  that  can  pretend  to  fulfil  the  many  necessary 
conditions  of  a  successful  shearer.  The  great  flexibility  of 
the  air  tube,  as  compared  with  the  metallic  flexible  direct* 
driven  shafts,  is  one  of  the  best  arguments  in  favour  of 
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pnenmatic  machines,  while  tiie  necessarily  clumsy  shape 
which  the  employment  of  a  cylinder  necessitates  is  one  of 
the  chief  objections  to  their  use.  An  electric  attachment, 
with  small  battery,  might  be  found  to  combine  the  advan- 
tages of  compactness  and  portability. 

Uffhtiiiff  the  Interior  of  the  SknlL— Most  of  us 
have  had  the  opportunity  of  seeing  the  effect  of  a  tiny  fairy, 
or  surgical  incandescent  lamp,  when  pkced  inside  the 
mouth,  as  now  largely  used  by  dentists,  but  it  has  possibly 
not  occurred  to  users  to  try  the  effect  of  shutting  the  lips 
over  the  lamp  in  the  dark  without  other  lamps  about 
This  idea  has  occurred  to  Dr.  K.  Vohsen,  of  Frankfort-on- 
Main,  who  is  stated  to  be  thus  enabled  to  diagnose  a 
patienti  and  examine  certain  lesions  of  the  head  with 
facility.  We  have  not  tried  it^  but  give  the  experiences 
for  those  interested  to  corroborate.  He  employs  a  small 
incandescent  lamp,  one  of  those  arranged  with  a  double 
glass  casing  in  which  water  can  circukte.  The  effect  of 
lighting,  it  is  said,  is  absolutely  surprising.  Through  the 
skin  the  bones  of  the  head  appear  red,  and  the  pupils  of 
the  eyes  sparkle  with  a  fiery  colour,  while  the  nasal  sinus 
and  the  pahte  appear  ahnoet  transparent.  Under  these 
conditions  the  least  anomaly  in  any  of  these  organs  would 
be  revealed  to  the  physician.  There  is  no  doubt  the 
interior  of  the  mouth  can  be  briUiantly  illuminated  by  a 
small  lamp,  and  so  serve  a  doctor's  purpose,  but  the  stated 
transparency  of  the  bones  and  palate  seems  a  little  of  a 
Joke.  The  power  of  the  lamp  is  not  stated,  so  that  it 
would  appear  to  be  the  ordinary  surgical  dentist's  lamp. 

T«l0p]ioiilnff  to  Shipa  mt  Hadrars.— A  Madras 
newspaper  gives  the  following  particulars  of  some  experi- 
ments made  recently  in  connecting  the  telephone  exchange 
on  shore  with  the  ss.  ''Ohm  McArthur,"  which  were  carried 
out  with  the  permission  of  the  steamer's  agents,  Messrs. 
Gordon  Woodroffe  and  Go.  An  ordinary  wire  was  laid 
from  the  Madras  Telephonic  Exchange  to  the  T  end  of  the 
pier,  a  portion  carried  underneath  the  pier  being  covered 
wire.  At  the  T  end  was  an  iron  stand  3ft.  high,  to  which 
was  attached  a  drum  round  which  was  wound  a  coil  of 
Glover's  G.P.  covered  patent  copper  7/16  wire,  the  whole 
cable  being  ^in.  diameter.  This  cable  was  connected  with 
wire  bom  the  exchange  by  a  brass  trap,  which  came  in 
contact  with  a  brass  ring  which  moved  round  with  the 
drum,  being  insulated  from  the  iron  portion,  and  both 
being  in  constant  electric  contact  A  quantity  of  this  cable 
was  let  into  the  sea  slack,  and  after  being  laid  under  was 
attached  to  No.  1  buoy  at  the  south  end.  Here  the  cable 
rose  out  of  the  water,  and  after  passing  through  the  ring- 
bolt at  the  head  of  the  buoy,  was  carried  along  a  hawser  to 
the  stem  of  the  '*01an  McArthur."  Here  there  was  a 
double  connection  from  which  a  covered  wire  led  to  the 
saloon,  this  being  connected  with  a  patent  desk  instrument 
The  return  wire  of  the  instrument  dropped  into  the  sea. 
This  completed  the  connection  between  the  shore  and  the 
"  Clan  McArthur,"  which  occupied  about  two  hours,  and 
those  in  the  ship  were  able  to  communicate  with  perfect 
distinctness  with  members  of  the  telephone  exchange.  The 
experiment  was  highly  successful,  and  if  sufficient  en- 
couragement is  held  out  by  the  Port  and  Harbour  Trust 
authorities  and  the  merchants,  it  is  intended  to  fix  a  cable 
to  each  of  the  buoys  of  the  harbour.  The  desk  instrument 
being  in  a  portable  case  there  is  not  the  slightest  difficulty 
in  supplying  the  steamers  as  they  come  in. 

AustraliaB  OaUest-^The  issue  of  the  Melbourne 
Btming  Skundard  of  July  31st,  just  to  hand,  gives  a  vivid 


idea  of  the  effect  of  the  want  of  cable  communication.  On 
the  morning  of  July  11th  all  three  cables  between  Aus- 
tralia and  Java  were  suddenly  broken  apparently  about 
the  same  place,  leaving  a  total  silence  between  Australia 
and  England.  The  effect  appears  to  have  arisen  from  a 
shock  of  earthquake  passing  over  Java.  The  Eastern 
Extension  Company's  steamer  went  at  once  to  position  and 
buoyed  the  end.  A  long  delay  ensued,  the  Continent  being 
cut  off  in  ignorance  as  to  whether  the  postal  strike  had 
paralysed  London,  or  whether  the  Australians 
had  won  the  cricket  match.  On  Sunday,  the 
20th  July,  the  welcome  intelligence  was  sent  that  the 
joint  was  spliced,  and  that  the  silence  which  had 
reigned  for  nine  days  was  about  to  be  broken. 
On  Sunday  afternoon  communication  was  established,  and 
the  great  number  of  dispatches,  official,  commercial,  private, 
and  press  messages  which  had  accumulated  commenced  to 
be  sent  through,  extraordinary  editions  of  the  Evening 
Standard  being  continually  published  till  a  late  hour  of  the 
Sunday  night.  The  paper  next  morning  had  five  or  six 
columnsof  delayed  publicmessages.  Theislandof  Bali,  between 
which  and  Banjoewangie  the  volcanic  eruption  seems  to  have 
parted  the  cables,  is  one  of  the  Sunda  Islands  to  the  east 
of  Java.  It  is  a  large  island,  and  is  traversed  by  a  mountain 
range,  the  chief  peak  of  which,  Gunnungagung,  over 
12,000ft  in  height,  is  volcanic.  The  whole  of  the  country 
on  the  eastern  as  well  as  the  western  coast  of  Java  is 
subject  to  volcanic  eruptions  and  disturbances,  and  all  the 
cables  which  connect  Java  to  the  headlands  of  Australia 
are  within  the  volcanic  sone.  Mr.  W.  Croft,  the  manager 
of  the  telegraph  office,  states  that  the  cable  which  was 
repaired  was  found  to  be  broken  in  three  places. 

ComwaU  Pelytechtiio  Bdiitdtioii.— The  Boyal 
Cornwall  Polytechnic  Society  held  their  annual  meeting 
last  week  at  Falmouth,  and  remains  open  to  the  end  of 
thip.  Numerous  interesting  exhibits  were  shown  and 
awards  have  been  made  in  the  various  branches.  The 
judges  in  the  electrical  department  in  their  report  heartily 
congratulate  the  society  upon  the  large,  varied,  and  impor- 
tant display  in  this  section.  There  are  practically  four 
exhibitora :  Messn.  Cathcart  and  Peto,  of  London  j  Mr.  W. 
Yeale,  of  Austell ;  Mr.  W.  Slade  Olver,  jun.,  of  Falmouth  ; 
and  Mr.  Perrow,  of  Truro.  A  very  effective  50-light 
dynamo,  by  Mr.  Yeale,  is  driven  by  a  "  Stockport "  gas 
engine,  shown  by  Mr.  Olver,  and  supplies  a  400-c.p.  "  Sun- 
beam "  lamp  in  the  photographic-room.  Messrs.  Cathcart 
and  Peto  have  a  very  fine  display  in  every  branch  of  elec* 
trie  manufacture.  Mr.  Perrow  makes  also  a  decidedly  good 
show  both  of  instruments  of  his  ovm  manufacture  and  those 
of  other  firms.  The  judges  recommend  the  award  of  a  second 
silver  medal  to  Mr.  W.  Yeale  for  his  dynamo  made  at  the  St 
Austell  Electrical  Works  from  designs  by  Mr.  J.  M.  Coon.  It 
is  admirably  made,  and  combines  great  mechanical  strength 
with  very  high  electrical  efficiency.  To  Messrs.  Cathcart 
and  Peto  the  judges  of  mechanics  have* already  given  a 
second  silver  medal  for  their  admirable  adaptation  of  the 
Davey  model  to  an  electric  miner's  lamp.  The  judges  of 
electricity  desire  to  highly  commend  their  manufactures 
generally,  and  particularly  their  improved  bell  appliances. 
They  award  a  first  bronze  medal  for  the  improved  switch. 
Mr.  Perrow,  who  has  on  previous  occasions  obtained  the 
medals  of  the  society  for  his  ingenious  and  effective 
appliances,  is  commended  for  the  improvements  effected 
and  for  the  extent  of  his  show.  His  electroliera  were 
mentioned  as  especially  worthy  of  note,  and  a  second 
bronse  medal  is  given  to  the  new  electric  light  shade. 
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Uectrloal  Theory. — ^A  correBpondent  of  the  EkcMcal 
Wofld  is  greatly  exercised  at  the  upheaval  of  all  his  funda* 
mental  notions  of  what  constitutes  an  electric  current  by 
the  pronouncement  by  Dr.  Duncan  of  *'  new  views  "  upon 
the  subject  of  the  electric  current^  and  he  asks  if  there  is 
anything  in  the  new  theory,  and  whether  Dr.  Duncan  has 
any  followers — ^for  he  is  at  a  loss  to  understand  the  matter, 
and  confesses  to  him  the  idea  is  quite  new.  He  has  the 
following  reply,  which,  as  it  puts  the  said  "  new  views " 
of  electrical  theory  in  a  paragraph,  we  think  some  of  our 
readers  will  be  pleased  to  see  :  "  The  views  referred 
to,  as  expressed  by  Dr.  Duncan,  are  those  held  at 
this  time  by  nearly  all  advanced  electrical  thinkers. 
The  fundamental  idea  is  that  a  wire  carrjring  a  current  or 
what  we  call  a  current  does  not  serve  as  a  conductor  in  the 
same  sense  that  a  pipe  serves  to  conduct  water,  but  rather 
is  a  nucleus  around  and  in  which  an  electromagnetic 
disturbance  is  propagated.  The  idea  that  we  must  look 
outside  the  wire  in  considering  the  mechanism  of  an  electric 
current  is  not  at  all  new,  and  was  the  subject  of  an  interest- 
ing discussion  by  Mr.  Foynting  some  years  ago.  One  need 
only  look  at  a  transformer  to  get  a  very  vivid  idea  of  the  way 
in  which  electricity  is  not  confined  to  the  wire  said  to  conduct 
it,  for  in  this  case  nearly  the  whole  energy  of  thecurrent trans- 
mitted is  spent  outside  of  the  wire  which  was  once  supposed 
to  confine  it  These  phenomena  of  induction  make  it  quite 
evident  that  the  new  view  has  much  common  sense  on  its 
side,  and  the  theory  of  the  somewhat  complicated  actions 
has  been  sufficiently  worked  out  to  enable  us  to  say  that 
any  theory  of  the  transmission  of  an  electric  current  which 
considers  only  the  electrical  disturbance  that  takes  place  in 
the  so-called  conductor  is  diametrically  opposed  both  to 
modem  theory  and  to  experimental  facts.  The  idea  is. 
convenient  in  discussing  certain  classes  of  electrical 
phenomena,  and  reasoning  based  upon  it  is  not  necessarily  in- 
correct, although  it  takes  account  of  only  a  part  of  the  facts." 

The  Steam  Iioop. — ^The  dynamo  efficiency  being 
almost  as  high  as  is  possible,  attention  must  be  given,  if 
greater  economy  be  desired,  to  the  efficiency  of  the  boiler- 
engine  part  of  the  installation.  We  have  indicated  some 
weeks  ago  the  discovery  announced  by  Prof.  Thurston  of  a 
method  of  coating  the  inside  of  cylinder  heads  to  save  the 
heat  of  condensation.  Another  system  of  economising  in 
this  direction  is  having  a  greater  success  in  the  United 
States,  and  is  known  under  the  name  of  the  steam  loop.  It 
is  thus  described  :  "  The  office  of  the  steam  loop  is  to  cause 
condensed  water  from  steam  radiating  pipes  or  from  an 
engine  to  flow  back  to  the  boiler  when  the  latter  is 
at  a  higher  level  than  the  former,  and  it  performs 
this  seemingly  impossible  feat  without  the  aid  of 
any  moving  parts  or  the  opening  and  closing  of  any 
valves.  It  is  a  fact  well  known  to  steam-heating 
engineers  that  when  steam  is  flowing  through  a  pipe  it 
carries  along  with  it  the  water  of  condensation,  generally 
in  the  shap^  of  a  thin  film  on  the  surface  of  the  pipe,  or 
when  a  greater  amount  is  present,  in  the  form  of  short 
slugs  or  pistons,  which  are  pushed  along  by  the  flowing 
steam.  The  working  of  the  steam  loop  is  dependent  upon 
this  fact^  and  also  upon  the  fact  that  in  any  closed 
system  of  pipes  filled  with  steam  the  lowest  pressure  is  found 
at  dead  ends,  towards  which,  therefore,  a  continual  flow# 
of  steam  is  maintained.  The  steam  loop  is  best  described 
as  a  device  for  taking  advantage  of  a  natural  '  dead  end,' 
towards  which  a  circulation  is  established  by  condensation, 
and  out  of  which  water  is  discharged  by  gravity  into  the 
boiler  aa  fast  as  it  accumulates.    In  any  case  the  power 


and  continuity  of  circulation  increases  the  efficiency  of  the 
attached  apparatus  to  a  degree  that  cannot  be  appreciated 
until  experimentally  tried.  The  invention  is  applicable  to 
all  descriptions  of  steam  boilers  and  engines; and  it  is 
claimed  that  in  some  instances  its  application  causes  *a 
saving  of  fuel  of  over  50  per  cent'  For  heating  machinery 
a  remarkable  adaptation  is  claimed,  both  by  coils,  pipes,  and 
tubes,  and  a  still  higher  saving  than  that  named  is  said  to 
have  been  saved  with  the  same  pressure  at  boiler  in  heating 
of  large  works."  It  is  said  to  be  a  perfect  substitute  for 
the  steam  trap  and  vastly  more  economical  Patents  for 
the  steam  loop  have  been  secured  in  the  United  States 
and  other  countries.  Messrs.  Westinghouse,  Church, 
Kerr,  and  Co.  control  the  American  patents,  and  since  they 
put  the  invention  on  the  market  a  few  weeks  ago  more 
than  200  of  these  steam  loops  have  been  put  into  operation. 

Heating  BiiIldliiKS  hy  Eleotrioity. — ^It  having  been 
set  forth  by  an  American  technical  paper  that  heating 
buildings  by  electricity  may  be  expected  to  "  banish  the 
steam-pipes,"  they  are  somewhat  sharply  taken  up  by  the 
N.Y.  Engineering  News  over  the  matter.      We  have  no 
doubt  it  was  intended  more  particularly  to  refer  to  the 
heating  of  railway  and  tram  cars,  at  present  leaving  the 
heating  of  the  buildings  till  that  good  time  coming  when 
electricity  may  be  generated  direct  from  fuel  and  thus  will 
be  cheaper  than  steam.    But  in  order  to  put  the  matter 
clearly  in  its  present  conditions,  the  above-mentioned  paper 
has  given  some  calculations  of  a  building  now  heated  by 
ordinary  gravity  return  steam  requiring,  say,  50  tons  of  ' 
coal  per  annum.    It  assumes  the  steam  plant  evaporates 
101b.  of  water  from  and  at  212deg.  F.  per  pound  of  coal  and 
that  all  the  heat  is  utilised  in  warming,  the  condensed 
water  returning  at  212deg.    The  apparatus  generates  there- 
fore 10  X  965*2  s  9,652  heat  units  per  pound  of  fuel  utilised 
in  heating.     For  an  electrical  generator,  the  boiler  and 
engine  are  taken  as  giving  1  brake  h.p.  for  2^1b.  of  coal 
per  hour.    The  electrical  efficiency  of  dynamo  and  line 
circuit  is  taken  at  85  per  cent,  and  it  is  assumed,  for 
argument,  that  all  the  electricity  is  converted  into  heat. 
This  *85  e.h.p.  gives  1,683,000  foot-pounds  energy  per  hour,  or 
2,180  heat  units.  This  is  for  2^1b.  of  coal ;  and  for  lib.  it  will 
be  872  units  against  9,652  by  steam  heating,  or  about  as 
1  to  11 :  so  that  550  tons  of  coal  will  be  required  instead 
of  50  tons,  or,  with  utmost  fuel  economy  yet  reached,  at 
least  300  instead  of  50  tons.    Then  as  to  size  of  plant. 
The  maximum  capacity  of  the  steam  heater  using  50  tons 
a  year  should  be  not  less  than  |  of  a  ton  in  12  hours  to 
furnish  steam  for  the  coldest  days.    Taking  9,652  units 
per  pound,  this  gives  1,407,582  heat  units  per  hour.     The 
electrical  plant  gives  2,180  units  per  brake  Lp.,  therefore 
the  total  brake  h.p.  of  engine  will  be  1,407,582  units  divided 
by  2,180^645 — ^that  is,  boilers,  engine,  and  dynamos  suf- 
ficient to  generate,  say,  650  h.p.    The  cost  of  this,  it  needs 
but  an  elementary  knowledge  to  see,  would  render  the 
whole  scheme  ridiculous,  to  say  nothing  of  the  size  and  cost 
of  copper,  cost  of  operating,  wages  of  engineers,  firemen, 
and  others  that  would  be  required.    The  above  calculations 
are  interesting  and  we  give  them  for  the  sake  of  the 
example  they  contain,  but  it  also  needs  but  little  knowledge 
to  know  that  no  electrical  engineer  would  be  likely  to 
propose  heating  by  electricity  on  any  but  the  smallest^  and 
handiest,  and  (from  this)  serviceable  scale  while  the  cost  of 
generating  electricity  remains  what  it  is.    The  field  is 
nevertheless  a  very  large  one  when  once  the  problem  of 
direct  generation  has  been  solved,  but  one,  until  then,  that 
is  out  of  the  range  of  practical  politics. 
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ON  CUBBENT  DISTRIBITTION  IN  NETWORKS  OF 
ELECTRICAL  CONDUCTORS.* 

BT  J.  HBBZOG  AND  L,  STABK,  BX7DA-PESTH. 

In  a  previouB  pap^  we  communicated  a  simple  method 
on  the  predetermination  of  current  difltribntion  in  a  siyen 
network  of  electrical  conductors,  consisting  essential^  of 
the  following  operations :  The  network,  Fig.  1,  is  opened  or 
cut  at  suitable  branching  or  nodal  points  in  such  a  way  as 
to  be  completely  dissdved  into  open  networks,  each  of 
which  remains,  however,  in  connection  with  the  feeding 
source,  either  directly  or  indirectly.  Imagine  any  conductor 


Fio.  1. 


cut  at  a  point  where  a  current^  i,  is  tapped.  The  two  parts 
of  the  conductors  near  the  cut  will  then  be  passed  by 
currents  x^  and  i-x^  respectively.  Thus,  each  cut  forms 
an  unknown  quantity,  and  also  an  equation  for  the  same, 
expressing  that  the  loss  of  potential  from  any  feeding  point 
to  the  cut  IB  the  same,  whatever  way  we  may  choose,  from 
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Fig.  2. 


the  former  to  the  latter.    For  the  unknown  «.,  Fig.  2,  we 
obtain : 

It  will  be  noted  that  in  these  equations  the  unknowns  are 
multiplied  by  coefficients  which  are  linear  functions  of  the 
resistances  of  the  conductors.  Those  quantities  in  the 
equations  which  are  not  coefficients  of  any  of  the  unknowns 
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are  sums  of  products  of  known  consumed  currents  into 
linear  functions  of  the  resistances  of  the  conductors. 

Denoting  the  coefficients  of  the  unknowns  by  (a  ^  i) 

(Ok, .)  and  those  of  the  consumed  currents  by  (r ^  i) 

(^o  m)i  ^kese  equations  may  be  written  as  f  oUows : 

('hl)«l  +  (^2)^  +  (<h8)«8  +  -  •  •  =(^ll)h  +  (^l«)*2+  •  •  • 
(«2l)«l  +  (a»2)«2  +  (aa8)^  +  -  •  •  -(^2l)h  +  (^22)«2+  •  •  • 
(»8l)«l  +  («    2)«2  +  («88)«S  +  -    •    •     =(^8l)h  +  (*'8  2)«2+    •    '    ' 


Hence 


^1 


1  2 


)*2+    •    •    •    ]i  {«12)»  (^s)   •    • 

7    •     • 


.(«'ll)h  +  (n..      .  , , 

(r,  i)  ii  +  (r2  2) »,+  .  .  .  ,,  (a^  ^X  («2  3)  • 

X^'S  1)  h  +  (^8  2)  *2+    •    •    •    1  («8  2)'  (^  2)   • 

fh  1).  K  2)1  (fiis)  '  '  ' 
S  iX  (fla  2)1  (^  s)  •  •  • 
H  i)»  ifh  %)t  (»8  a)  •  •  • 


Similar  expressions  result  for  the  other  unknowns, 
diifering  onlv  in  the  numerators,  the  denominators  being 
the  same  and  depending  only  upon  the  resistances  and  the 
c3nfiguration  of  the  network.  The  determinant  forming 
the  numerator  may  be  split  up  into  a  sum  of  determinants : 


(^llM«12).(«18)--|       .    |(n2).(^2).(«i8) 
yr    l)i  («2  2).  («2  a)  •  •       +*2      \^%  2)1  («2  2).  («2  s) 


+. 


or  in  words  :  Current  x^  may  be  viewed  as  the  sum  of  all 
the  currents  produced  bygraduaUy  tapping  in  the  con- 


Fio  3. 


sumed  currents,  one  by  one,  all  the  rest  of  them  being 
supposed  zero.  Precisely,  this  theorem  of  tie  superposi- 
tion of  the  consumed  currents  may  be  formulated  as 
follows : 

"  The  current  in  any  branch  of  a  network  due  to  the 
consumed  currents  taken  off  in  various  branches  is  the 
algebraical  sum  of  the  currents  in  that  branch  due  to  each 
consumed  current  considered  separately,  all  the  others 
being  supposed  zero." 

This  rule  may  also  be  derived  from  the  well-known 
theorem  of  superposition  of  E.M.F.'s  by  replacing  each 
currentrconsuming  device  of  resistance,  r,  and  current^  », 
by  a  counter  KM.F.  :  «  «  E  -  ir,  E  being  the  KM.F.  of 
the  source. 

These  two  theorems  of  superposition  are  nothing  but 
expressions  of  the  fact,  evident  in  the  linear  character  of 
the  equation,  that  the  problem  of  current  distribution  is 
univocal. 

The  theorem  of  the  superposition  of  consumed  current 
offers  more  than  a  theoretical  interest ;  in  fact^  it  provides 
a  convenient  means  of  solving  many  questions  that  arise 
during  the  development  of  a  central  station. 

The  network  of  such  a  station  is  chosen  for  some  probable 
current  distribution.  This  distribution  has  often  to  undergo 
essential  variations  even  during  installation ;  certainly  such 
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▼ariationfl  will  take  place  in  daily  and  monthly  or  seasonal 
periods.  Besides,  the  development  of  the  central  station 
will  also  enlarge  and  displace  the  currents  consumed.  Of 
course,  the  influence  of  tnese  different  variations  upon  the 
load  on  the  conductors  and  the  amount  of  loss  of  potential 
could  be  kept  in  evidence  by  settine  up  a  corresponding 
number  of  new  equations  and  makmg  tiresome  evalua- 
tions. 

But  our  theorem  affords  the  means  of  constructing  in 
advance  graphical  or  numerical  tables,  from  which  the 
desired  results  mav  be  gathered. 

At  anv  one  of  the  nodal  points  of  the  network,  imagine 
one  single  derivation  equal  to  any  suitably  chosen  amount, 
say,  1,  10,  100,  or  1,000  amperes,  all  the  odiers  being  sup- 
posed zero,  and  for  this  single  consumed  current  arrange 
the  system  of  linear  equations  after  having  made  a  suitable 
number  of  cuts.  Nezt»  place  this  consumed  unit  at  the  next 
nodal  point  and  let  it  thus  wander  through  all  the  nodal 
points  of  the  system.  Then,  the  number  of  the  resulting 
systems  of  equations  will  equal  that  of  the  nodal  points  of 
the  network,  and  the  current  distribution  may  be  deter- 
mined for  each  position  of  the  consumed  unit  At  first 
glance  this  seems  to  be  a  rather  troublesome  task ;  the  work 
is,  however,  essentially  shortened  and  simplified  by  the  fact 
that  for  all  unknowns,  throughout  all  systems  of  equations, 
the  denominator  determinant  is  the  same,  the  numerator 
for  any  unknown  throughout  all  the  equations  having  as 
constituents  always  the  same  sub-determinants. 

C!on8ider  any  conductor,  A  B,  in  a  network  of  n  con- 
ductors with  the  consumed  unit  placed  at  its  end,  A.  Tlien 
there  will  be  n  currents  (as.)A  in  the  conductors  due  to  this 
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one  derivation.  Next,  imagine  this  derivation  equal  to  the 
unit  to  be  taken  at  the  other  end,  B,  of  the  conductor,  then 
the  fi  conductors  will  be  passed  by  n  other  currents  (a;.). 
Now  we  are  enabled  to  design  a  graphical  scheme  for  this 
conductor  of  the  network  containing  as  horizontal  base  line 
the  conductor  itself  on  tiie  scale  of  its  resistance,  and  as 
ordinates  at  each  end,  A  or  B,  all  the  currents  (^A  and 
(xJB — ^taken  with  their  si^s  respectivelv. 

To  discuss  the  network  m  Fig.  3  completely,  eight  tables, 
one  for  each  conductor,  would  be  necessary.  One  of  them, 
belonging  to  conductor  5,  is  represented  by  Fig.  4.    Here 


Al  =  (X,)A 

A2 


A8  -  {X^)JL 


Bl  -  {Xj)B 

B2  «  {x^)b 
B8  =  {x^)B 


Now  join  the  ends,  nn^  of  corresponding  ordinates 
(xJa  (x^)b  by  a  straight  line,  n  n,  and  at  any  point  0  of 
A  D  draw  aperpendicular  upon  the  base  line,  intersecting 
n  n  at  N.  llien,  O  N  is  easuy  shown  to  be  the  current  in 
conductor  n,  due  to  the  current  unit  being  branched  off  at 
point  M  of  conductor  A  R  To  prove  this  it  is  only  neces- 
sary to  show  that  the  equation  joining  x  and  f  is  that  of  a 


straight  line.  Now  r'  can  be  contained  only  in  the  equa- 
tions that  consider  the  whole  loss  of  potential  e  from  A  to 
B,  Fig.  5.    This  loss  is 

0s=«/. (i. a;)  (r*-/)Bi  f^-tf +2  r, 

which  is  the  equation  of  a  straight  line.  In  analogy  to  a 
similar  curve  in  graphical  statics  this  line  may  be  called  the 
influence  line. 

Imagine  the  real  current  supply  to  be  such  that  at 
various  points  of  a  certain  conauctor  the  consumed  cur- 
rents f J, i^i^  .  ,  .  are  tapped  j  at  each  of  these  points  draw 
perpendiculars  upon  the  oase  line  and  multiply  each  seg- 
ment, produced  by  intersection  with  the  influence  line  by 
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its  corresponding  current,  taken  in  the  suitable  unit  Add 
the  resulting  currents  that  belong  to  one  and  the  same 
conductor  and  proceed  in  a  similar  way  with  all  the  other 
tables. 

Then,  according  to  the  theorem  of  the  superposi- 
tion oi  currents,  tiie  load  on  any  conductor  due  to  the 
simultaneous  supply  of  all  the  current  consumers  will  be 
obtained  by  adaing  all  the  currents  for  this  conductor 
gathered  from  all  the  tables.  Obviously,  the  influence  of 
any  additional  current  consumer  can  be  found  out  from  the 
tables  in  a  similar  way. 

In  practice  we  generally  have  two  forma  of  current 
supply — ^viz.,  for  concentrated  loads,  which  act  at  distinct 
points,  and  for  distributed  ones,  which  act  over  a  con- 
tinuous length  of  the  conductor.  Beducing  corresponding 
distributed  or  concentrated  loads  to  one  concentrated  load 
simplifies  the  predetermination  of  current  distribution  in  a 
high  degree.  In  fact^  several  concentrated  loads  or  a 
distributed  one  between  any  two  neighbouring  nodal  points 
may  be  reduced  to  one  concentrated  load  equal  to  the 
algebraical  sum  of  these  loads,  and  tapped  from  the  common 
centre  of  gravity.  The  current  distribution  will  be  the 
same  for  the  whole  network,  whether  the  reduced  load  or 
all  the  loads  not  reduced  are  taken  into  consideration ;  only 
the  part  of  the  conductor  between  the  first  and  the  last  of 
the  loads  that  have  been  gathered  will  not  be  equally 
loaded  in  both  cases ;  it  is,  however,  an  easy  matter  to 
calculate  the  real  currents  for  these  parts  of  the  conductor, 
the  distribution  in  the  rest  of  the  network  being  found  out 
beforehand  by  means  of  the  reduced  load. 

That  the  resulting  load  passes  the  centre  of  gravity  may 
be  deduced  from  the  analogy  between  the  momentum  of  a 
current  and  a  force.  Neverthdess  we  will  show  the 
validity  of  this  rule. 


1 


r----f-4--T---, 


1 


»,(-«) 


Fio.  6 

Consider,  of  any  network,  a  conductor,  A  B,  Fig.  6,  at 
various  points  of  which  currents  t^,  t,,  ...  are  branched 
off;  let  r^,  fg,  .  .  .  denote  the  resistances  of  the  conductor 
from  it  to  these  points.  Put  B^  for  the  sum  of  all  the 
resistances  that  lie  between  A  and  the  source,  and  are 
passed  by  the  sum  of  the  consumed  currents,  i^,  it-k-  .  .  . 
and  let  ^  stand  for  the  sum  of  all  the  resistances  between 
3  a|id  the  source.    JjGI  Y^  and  Y,  be  the  losses  of  potential 
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from  the  source  to  A  and  B  respectively  that  are  due  to  the 
rest  of  the  currents  in  the  conductors.    Then, 

*i(^i+Ei)+S(^2  +  Ri)+  •  •  •  +a;(»*'+Ri)+Vi  = 

--aj  (/•  +  »,)  + Vjj, 

which  equation  remains  unaltered  if»  instead  of 

we  write    J  (s + Ej),  where  s  -  ?i*^  -  ?4^. 

No  further  proof  is  necessary  to  show  that  the  same  rule 
may  be  applied  for  the  reduction  of  distributed  loads.  The 
usual  statement  of  this  distributed  load  per  current  meter, 
however,  must  first  be  reckoned  over  into  one  per  current 
unit  of  resistance. 

Doubtless  it  is  of  the  highest  importance  to  know  how 
many  equations  are  necessary — ^that  is,  how  many  cuts  are 
to  be  made  to  make  the  problem  determinately  soluble.  ^  In 
the  following  we  will  show  that  it  is  necessary  and  sufficient 
to  put  down  as  many  equations  as  there  are  closed  meshes 
contained  in  the  network.  Consider,  as  an  example, 
the  network  in  Fig.  7.  Cut  each  of  its  four  meshes  at 
one  place,  and  to  avoid  iiidistinotness  reckon  all  the  currents 
circulating  count6r-clo<^wiBe  round  any  mesh  as  positive 
with  re^rd  to  this  mesh.  Then,  of  course,  a  current 
in  the  boundary  conductor  between  two  meshes  will  have 


i^tr*r«.^*« 


^''^^^^P^     } 
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opposite  eigns  with  regard  to  these  meshes.  For  each 
of  the  four  cuts  we  can,  then,  write  down  an  equation 
expressing  that  the  algebraical  sum  of  all  the  losses 
of  potential  taken  with  their  respective  signs  equal  zero. 
These  four  equations  are : 

— (tj  — «,)  r4  —  (ij + fj  — «j— flj, + ajj)  f 3— (<!  +  ta + tj -<i?i  — «2 

+  251^9-0  (H) 

— »2  •'o  +  (»4  +  «4 --«s)  ^'a  +  (*4— aJs)  ♦'T  — «B  »'e 

+   (^3-^)^5-0  (HI) 

Certainly  these  four  equations  suffice  to  calculate  all  the 
unknown  currents.  From  this  we  may  reason  that  for  a 
network  of  any  number  of  meshes  the  number  of  cuts  must 
equal  that  of  meshes,  each  mesh  containing  at  least  one  cut. 
Cutting  the  network  in  Fiff.  7  at  any  one  more  place,  i^, 
Fig.  8,  only  apparently  alters  the  number  of  unknowns, 
each  new  unknown,  y,  being  predetermined  by  the  former 
four  unknowns. 

-y-tj+fs-aji-iKj+ajj. 

The  theorem  of  the  superposition  of  currents  showed  the 
''"  and  form  of  the  equations  to  be  independent  of  the 


number  of  consumed  currents.  To  discuss  the  number  of 
equations  necessary  it  is,  therefore,  sufficient  to  assume 
only  one  consumed  current.  This  simplification  will  serve 
to  place  networks  in  the  form  of  a  more  general  concep- 
tion created  by  Maxwell  and  published  bjr  Prof.  J.  A. 
Fleming  in  a  paper  read  before  the  Physical  Society  on 
June  27, 1886,  the  knowledge  of  which  we  owe  to  the  kind- 
ness of  the  author. 

'•Consider  a  network.  Fig.  9,  containing  five  meshes  or 
cycles.  Now  let  an  E.M.F.  act  in  one  branch,  B,  and  give 
rise  to  a  distribution  of  currents  in  the  network.  Xet 
a,  /3,  y,  S  represent  the  potentials  at  the  nodal  points,  and 
A,  B,  C,  D  the  electrical  resistances  of  the  conductors 
joining  these  points,  and  imagine  that  round  each  cycle 
an  imaginary  current  flows,  all  such  currents  flowing  in 
the  same  direction. 

"  A  circuit  is  considered  to  be  circumnavigated  positively 
when  you  walk  or  go  round  it  so  as  to  keep  the  boundary 
on  your  right  hand.  Hence  going  round  an  area.  A, 
Fig.  10,  in  the  direction  of  the  arrow  is  positive  as  regards 
the  inside  if  you  walk  inside  the  boundary  line,  and  nega- 
tive as  regards  external  space  if  vou  walk  in  the  same 
direction  round  the  outside.  We  shall  consider  a  current, 
then,  as  positive  when  it  flows  round  a  cycle  in  the  opposite 
direction  to  the  hands  of  a  watch.  The  real  currents  in 
the  conductors  are  the  difibrences  of  the  imaginary  currents 
in  adjacent  cycles  or  meshes. 

"  Let  a;,  y,  «  .  .  .  denote  these  imaginary  like^rected 
currents.  Tien  (ic-y)  denotes  the  real  current  in  the 
branch  J,  and  similarly  (a;  -  z)  that  in  branch  H.    Then  x^ 


Fio.  8. 

y,  z  may  be  called  the  cyclic  s;pibols  of  the  areas.  The 
cyclic  symbol  of  external  space  is  taken  as  zero — Whence  the 
real  current  in  B  is  simply  x. 

"Applying  Ohm's  law  to  the  cycle  x  formed  by  the  con- 
ductors, %  tf,  H,  we  have  for  these  three  conductors 


7 
7 


-13 

—  a  ■■ 


£ 


-Bx 
-y)  J 

-2)H. 


v%««««A  T^j 


"  Adding  together  these  three  equations,  we  obtain 
E-aj(B-HJ-»-H)-yJ-»H. 

"  This  equation  is  called  the  equation  of  the  x  cycle,  and 
we  see  that  it  is  formed  by  writing  as  coefficient  of  the  cycle 
sjrmbol,  x,  the  sum  of  all  the  resistances  which  bound  that 
cycle,  and  subtracting  the  cyclic  symbol  of  each  neigh- 
bouring cycle  multiplied  respectively  by  the  common 
bounding  resistance  as  coefficient,  and  equating  this  result 
to  the  effective  E.M.F.  acting  in  the  cycle  written  as 
positive  or  negative  according  as  it  acts  with  or  against 
the  imaginary  current  in  the  cycle.  This  is  Maxwell's 
Rule." 

In  this  way  we  can  form  as  many  independent  linear 
equations  as  there  are  meshes,  and  therefore  unknown  cyclic 
symbols,  the  real  current  being  differences  of  these  imaginary 
currents. 

From  this  general  network  problem  it  is  easy  to  pass  to 
a  more  special  one  dealing  with  a  network  for  lighting 
purposes  where  the  current-consuming  devices  are  con- 
nected in  parallel  between  two  half-nete.  As  we  can  discuss 
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the  equationB  without  dealing  with  more  than  one  oonsomed 
current,  we  may  draw  the  network  of  Fig.  1  as  iB  shown  by 
Fig.  11,  retaining  of  the  consumed  currents  only  i^.  Con- 
sider two  half-nets  havinc;  n  meshes  each ;  then  there  will 
be  2n  + 1  cycle  currents  in  total,  one  of  which,  namely,  that 
in  the  cycle  of  currents  consumed,  is  known.  In  conse- 
quence of  the  equal  configuration  of  botii  half-nets  the 
remaining  2n  nnlmowns  come  down  in  number  to  fk 

For  networks  of  relatively  few  meshes  the  evaluation  of 
n  unknown  from  n  linear  equations  will  be  conveniently 
made  by  means  of  determinants.  The  work  is  greatly 
shortened  by  the  relatively  hi^h  number  of  seros  that 
ordinarily  occur  in  these  determinants.  Bv  suitably  inter- 
changing some  rows  or  columns  it  is  possible  to  crowd  most 
of  the  zeros  in  one  comer,  and  then,  according  to  Laplace's 
rule,  the  given  determinant  equds  the  product  of  two 
determinants  of  lower  order. 


''l  I  '"l  8 

•"j  1  **2  a 


''l  3  *'l  4  **  I  6 


^      0    •    ^SiU4^B5 
0      0    •    ^63*-64»'66 


•'ii^  a 
f 2 1  r^  s 


•"a  8^9  4  •'8  6 
^4  8  *'4  4  ''4  6 

♦*6  8*'6  4  •'SS 


It  may,  however,  happen  that  even  after  this  reduction 
the  remaining  detenmnants  are  of  a  very  high  order, 
requiring^  therefore,  much  work  and  time  for  solution. 
For  any  determinant  of  the  nth  order  consists  when 
evaluate  of  n/,  ie.,  1.2.3.  .  .  .  (n  - 1).  n  elements.  Con- 
sidering that,  therefore,  the  work  for  the  evaluation  of  one 
unknown  will  be  proportional  to  2n/,  we  will  look  out  for 
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Figs,  9  and  10. 

some  shorter  and  less  troublesome  method  of  solution,  even 
if  it  be  only  an  approximate  one.  It  is  an  interesting  fact 
that  similar  requirements  have  been  found  in  other 
branches  of  science  as  high  as  86 ;  BesseVs  measurement 
of  degrees  required  the  evalution  of  70,  Seidel's  series  of 
astrophotometric  researches  that  of  72  unknowns.  The 
latter  mathematician  invented,  for  similar  reckonings,  some 
approximate  methods  of  evaluations,  whose  essential 
features  we  will  give  below  without  entering  upon  any 
proof,  which  may  be  taken  from  the  original  paper  .^  The 
equations  to  be  solved  are  : 


•8*  T  "8*'  "^  ' 


a^x  +  Ky  +  C8«  + 


+  fh 


+ 
+ 


w„  = 


01 
0 
»  0 


.    (A) 


Inserting         a^  +  a^  •\'  ...   »  [oa^ 

o^  &j  +  a,  &2  +  •  •  •   *  [^]  ■*  [^] 

We  can  put  down  the  following  system  of  standard 
equations : 


aa 
ac 


X  + 


+  m 

Ik 


X 


X  + 


oily 


y 

V 


+  [<ui\z  +  .  .  .   +  [an]  «  01 

+  \lc]z+  .  .  .   +  f6nT»  0  \     (B) 

+  [cc]z  +  .  .  .   +  [cn]  =  0  J 


From  these  equations  the  unknowns  may  be  found  as 
follows :  Assuming  any  system  of  numerical  values  for  the 

*  Ladwig  Seidel,  Abhandlung  der  Math.  Phys.  Claeee  der  Bayer 
Akademie  11,  Bd.  1H74. 


unknowns,  as,  y,  «,....  they  will,  of  course,  not  fulfil  the 
standard  equations,  but  will  make 


[aa]a;  +  [a6]y+[ac" 


ah]x+ 


ac 


«  + 


»]y  + 


+  [an]»-Ni. 
+  [6»]«Nj. 
«]«+  ....  +[<»]«N3. 


he 


z+ 


... 


... 


Now  we  can  improve  the  value  of  one  of  the  unknowns  ; 

N 
for  instance,  x,  changing  it  by  A  a;*  -  -7-!^. 

[aa] 

This  will  make  N/>eO.  And  the  improved  value, 
x+A  x^  will  now  be  such  a  value  of  the  first  unknown  as  to 
suit  best  the  preliminarily  chosen  values  of  the  other  un- 
knowns ;  it  would  be  the  most  plausible  value  if  the  rest  of 
the  preliminary  values  were  right. 

Tne  variation  of  0,  which  changes  Nj  into  N^'  «•  0,  has 
also  an  influence  upon  N^,  N3.  .  . 


Nj'-N,4. 
Ns'-Ns-H 


a5],  Ax 
ac],  ^x 


Now,  we  can  correct  y  by  adding  A  y  a  - 


Instead  of  N'«0,N;N'   . 

Ni"»Ni'4-[a?| 
N/-N;  +  [»]Ay 
N/-Nj'  +  [6c]Ay 


we  will  then  have 


As  a  third  correction  we  might  change  Z  by  a  value 
making  the  new  value  Z-H  A  Z  suit  aa  well  as  possible  the 
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system  which  is    formed   by  a;  +  Aa;,  y  +  Ay,    and  the 

preliminary  values   of   the    remaining   unknowns.     We 

would  then  obtain  N."'«0.    Just  as  well,  however,  we 

N' 
might  return  to   x^  changing   it   by- j--«  thus  making 

N/"  =  0. 

As  soon  as  these  corrections  of  any  unknown  are  made 
in  such  a  way  as  to  fulfil  that  standard  equation,  in  which 
the  imknown  in  question  occupies  the  favourite  position  in 
the  diagonal  of  uie  system  of  eauations,  we  must  obtain  a 
converging  approximation  toward  the  real  values,  no  matter 
in  which  order  Uiese  corrections  are  performed.  The 
corrections  are  repeated  until  all  the  N's  are  brought  upon 
infinitely  small  values. 

Obviously,  the  time  required  for  total  solution  is  the  less 
the  nearer  the  assumed  values  are  to  the  real  ones.  This 
is  a  great  advantage  of  the  method  for  the  purpose  of 
evaluating  current  (fistribution  in  networks,  as  witn  some 
practice  it  is  easy  to  make  good  assumptions  for  the  values 
of  the  unknown  currents  by  considering  the  configuration 
of  the  network  and  the  consumed  currents. 


Hot  Weather  and  Motors. — ^The  electric  motors  on 
some  of  the  American  ndlways  are  said  to  suffer  more  even 
than  the  men  with  a  wave  of  hot  weather,  and  before  the 
close  of  a  hot  day  some  of  the  cars  have  to  be  left  on  one 
^ide  to  cool,  the  anpatures  get  so  warm. 
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THE  PBESIDENTIAL  ADDBESS. 

As  year  succeeds  year  it  most  become  more  and 
more  difficult  for  the  president-elect  of  the  British 
Association  to  decide  upon  the  subject  of  his  in- 
augural address.  No  matter  what  the  decision  may 
be  the  result  will  surely  call  forth  adverse  criticism. 
If  scientific  and  special,  then  it  is  out  of  place  for  an 
audience  that  is  mixed  and  principally  consisting  of 
non-scientific  elements.  If  it  is  general  and  under- 
standable of  the  multitude,  the  strictly  scientific 
element  moans  and  sighs  at  the  degeneracy  of  the 
modem  meeting,  and,  like  all  of  us  who  are  mono- 
maniacs, compares  the  present  unfavourably  with 
the  past.  The  moan  we  often  hear  about  the 
good  old  days  and  nothing  like  them  simply 
means  that  the  worshipper  of  such  days  has  slept 
since  he  reached  years  of  manhood,  has  been  passed 
by  the  rising  generation,  but  is  utterly  unable  to 
understand  that  the  younger  generation  is  progressing 
while  he  is  standing  still.  Sir  F.  A.  Abel's  presi- 
dential address  ought  to  open  the  eyes  of  such 
people.  It  rapidly  describes  the  progress  during  the 
past  decade  of  scientific  thought  and  discovery.  It 
shows  there  is  no  standing  still,  but  a  constant  move- 
ment— a  movement  we  all  believe  is  forward.  In 
many  directions  the  movement  must  be  characterised 
as  a  rush ;  and  it  is  extremely  difficult  for  anyone  in 
the  midst  of  the  bustle  to  say  the  value  of  the  day- 
by-day  work.  The  only  means  of  ascertaining  such 
value  is  to  compare  the  position  now  with  the  position 
ten,  twenty,  fifty,  or  a  hundred  years  ago.  Much 
that  is  flaunted  in  our  eyes  from  day  to  day  takes  no 
place  in  the  onward  movement ;  it  is  found,  tried, 
found  wanting,  and  flung  aside  with  as  little  com- 
punction as  the  shell  from  the  kernel.  We  contend, 
then,  that  it  is  wise  from  time  to  time  for  someone 
to  calmly  and  deliberately  ptit  before  us  a  sketch  of 
recent  scientific  progress.  Sir  F.  A.  Abel  has  done 
it  in  his  present  address,  the  period  for  examination 
seeming  to  be  principally  that  which  has  elapsed 
since  the  last  meeting  at  Leeds.  The  man  who 
prides  himself  upon  being  a  leader  in  some  particular 
branch  of  science  will  probably  not  read  the  address ; 
but  he  who  is  not  so  placed  will  look  to  it  to  give 
him  a  compendious  account  of  the  present  position 
of  science.  The  branch  of  science  that  is  progressing 
by  leaps  and  bounds  is  electricity.  The  president 
says  it  is  the  one  "in  the  practical  applications  of 
which  the  greatest  strides  have  been  made  since  the 
association  met  at  Leeds  in  1858."  That  year  saw 
the  first  cable  laid  between  Europe  and  America. 
It  failed,  but  what  of  that  ?  Failure  in  such  a  case 
laid  the  foundations  to  success;  and  though  the 
glamour  of  lighting  and  power  transmission  attracts 
the  greatest  attention  the  incomparable  value  of  sub- 
marine telegraphy  cannot  be  forgotten.  It  has 
revolutionised  the  trade,  the  national  politics, 
aud  cJmost  the    socic^    custom^  of  th^  wo4d-« 
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hence,  in  a  review  of  this  kind  takes  the  first  place. 
The  names  of  Gray,  Volta,  Ampere,  and  others 
may  live  through  the  ages,  hat  a  greater  than  these 
lives  in  our  midst.  Thomson  made  submarine 
telegraphy  practicable ;  and  even  were  his  practical 
and  scientific  works  confined  solely  to  this  his  name 
would  last  as  long  as  literature  endures  or  the  English 
language  remains.  But  it  is  not  only  submarine 
telegraphy  that  has  progressed.  On  land  we  have 
seen  simplex  succeeded  by  duplex,  and  duplex  by 
quadruplex,  and  quadruplex  by  multiplex  sending, 
till  one  hardly  realises  or,  in  fact,  knows  what  can 
and  what  cannot  be  done.  The  telegraph  system  in 
this  country  is  the  monopoly  of  the  Government, 
and  as  such  liable  to  be  adversely  criticised  by  every- 
body; yet  it  is  safe  to  say  no  critic  can  show  a 
country  whereint  the  mechanical  details  of  telegraphy 
are  carried  to  greater  perfection.  Thanks  to  the 
energy  of  Mr.  W.  H.  Preece,  the  scientific,  and 
especially  the  British  Association,  public  is  kept  fairly 
conversant  with  telegraphic  progress,  and  that  of  its 
rapidly-growing  baby,  telephony.  Sir  F.  Abel  refers 
to  the  numerous  branches  of  electrical  application 
that  have  sprung  up  :  transmission  of  power ;  weld- 
ing and  fusing  of  metals ;  in  metallurgical  operations 
such  as  the  production  of  aluminium  bronze,  ferro- 
aluminium,  and  silicium  bronze,  also  aluminium 
alloys — ^not  forgetting  electric  lighting.  With  regard 
to  the  latter  we  are  told  that  in  April  this  year  there 
were  in  use  in  America  285,000  arc  lamps  and  about 
3,000,000  incandescent  lamps,  while  in  England 
there  are  about  one-hundredth  the  number  of  arc 
lamps  and  about  one-tenth  the  nmnber  of  incandes- 
cent lamps.  Sir  F.  Abel  attributes  this  result  some- 
what to  indifferent  legislation.  We  will  not  diiSer 
with  him,  though  many  supplementary  things  have 
contributed  towards  this  result.  He  considers  the 
delay  has  really  been  in  the  interest  of  intending 
suppliers  and  users  of  the  electric  light,  and  looks 
forward  to  the  ample  lighting  of  the  metropolis  on  a 
really  sound  footing. 

No  doubt  other  portions  of  the  address,  not  refer- 
ring to  electrical  matters,  will  be  found  interesting, 
but  to  these  we  shall  only  briefly  allude.  The  progress 
in  our  knowledge  concerning  alloys,  concerning 
powder  (smokeless  and  otherwise),  is  admirably 
described,  while  that  part  of  the  address  devoted  to  the 
development  of  the  petroleum  industry  merits  atten- 
tion. Perhaps  it  will  be  held  that  only  the  last  few 
paragraphs  are  of  a  controversial  character.  These 
refer  to  educational  matters,  and  it  is  well  known 
that  here  the  greatest  diversity  of  opinion  exists. 
Many  men  place  little  value  on  museums  and  the 
Imperial  Institute,  while  many  others  hold  a  different 
estimation  of  their  value,  and  expect  to  see  Kensing- 
ton in  a  few  years  take  a  high  position  as  a  centre  of 
scientific  activity.  The  future,  and  the  future  alone, 
oaa  tell  how  fu^  the  aspirationa  of  th^  energetic 


founders  of  these  institutions  will  be  realised,  but  we 
may  all  hope  that  the  result  will  be  better  even  than 
their  anticipations. 


THE  PINCH  OF  BIVALRT. 

The  gas  companies  in  England  and  America  have 
not  yet  much  felt  the  pinch  of  the  electric  competi- 
tion— the  latter  because  they  have  in  many  cases 
adopted  the  new  light,  the  former  because  the  progress 
in  this  country  has  been  slow,  and  the  spread  of  gas 
has  more  than  kept  pace  with  the  filching  of  their 
customers.  But  this  has  not  been  the  case  in 
foreign  countries,  and  the  latest  report  of  the  execu- 
tive of  the  gas  company  in  Gand  sounds  a  note  of 
lamentation.  Already  many,  if  not  most,  of  their 
best  customers  are  gone,  either  by  their  adherence 
to  the  direct  supply  or  their  purchase  of  arc  lighting 
apparatus  driven  by  themselves.  The  gas  company 
has  felt  it  necessary  to  make  farther  and  further 
reductions  at  a  cost  last  year  of  26,000f.,  and  a 
prospective  one  next  year  of  35,000f.  It  will  be 
necessary,  mournfully  concludes  the  report,  to 
seriously  consider  this  question,  as  it  is  a  vital 
matter  to  the  company.  We  may  feel  a  certain 
sympathy  with  companies  and  their  human  directors 
when  the  force  of  circumstances  and  the  evolution  of 
newer  and  better  methods  begin  to  press  with 
inevitable  force,  but  both  as  pioneers  of  electrical 
industry,  and  as  part  of  a  public  who  will  only  too 
joyftilly  accept  a  better  and  cleaner  light,  we  must 
be  pleased  to  see  that  the  question  has  become  a 
"  vital "  one. 


HOW  TO  ESTABLISH  A  CENTRAL  ELECTRIC 

LIGHTING  STATION. 

o 

BY    SYDNEY   F.   WALKER. 

(Candudcd  from  page  164*) 

Then  as  to  the  form  of  the  charge  and  its  amount.  Un- 
doubtedly the  charge  by  meter  is  by  far  the  best,  as  it 
leaves  the  whole  of  the  lamps  completely  at  the  disposal  of 
the  consumer,  without  much  chance  of  dispute.  He  may 
grumble  at  his  bill,  just  as  he  does  at  his  gas  bill,  but  he 
wiU  pay,  just  as  he  does  now.  While,  however,  meters  are 
estalnishing  themselves  and  gaining  a  position  which  shall 
make  their  record  unassailable,  it  may  be  useful  to  have 
another  method  of  charging.  The  simplest  plan  is,  of  course, 
to  let  a  consumer  have  the  use  of  the  current  whenever  he 
likes,  either  for  the  full  24  hours  or  for  certain  hours 
during  the  day.  This  plan,  however,  is  open  to  the  objec- 
tion that  it  is  unfair  to  the  small  consumer,  and  may  pre- 
vent a  number  of  these  adopting  the  light,  and  thereby 
adding  considerably  to  the  revenue  of  tne  station,  as  a 
higher  rate  can  usually  be  obtained  in  proportion  from 
small  buyers  than  from  large  ones.  The  difficultv  that  would 
naturally  suggest  itself,  that  consumers  would  leave  their 
lamps  burning  has  been  met  already  b^  the  simple  expe- 
dient of  idlowing  them  to  supply  their  own  lamps,  and 
warning  them  that  every  hour  they  are  used  when  not 
required  is  so  much  extra  to  Uieir  total  lighting  bill.  While, 
too,  the  demand  for  electric  light  is  as  at  present  every- 
where in  excess  of  the  supply,  the  difficulty  of  charge  may 
not  be  felt,  but  where  it  is  f^lt  the  writer  suggests  the 
follonf in^  solc^tioiit 
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Divide  up  the  nuuns  as  already  deecribed,  and  connect 
coQiumers  to  different  sets  of  mains  according  as  tbey 
require,  from  i  p.m.  to  6  p.m.,  from  i  p.m.  to  8  p.m.,  to 
midnight,  or  all  night.  Even  different  lights  in  individual 
houses  may  be  placed  on  different  stipply  mains.  Then 
shortly  after  6  p.m.,  8  p.m.,  midnight,  or  7  a.m.  next  morn- 
ing cut  off  the  supply  &om  each  set  of  mains  in  succession, 
allowing  10  or  15  minutes  so  as  to  avoid  disputes  owing  to 
differences  in  clocks.  Later  on,  when  meten  can  be  relied 
on,  and  are  not  sold  at  a  prohibitive  price,  there  will  not  be 
much  difficulty  in  rearranging  matters,  and  that  without 
altering  the  connections,  except  so  far  as  may  be  necessary 
to  insert  the  meter,  and  the  system  will  still  have  the  great 
advantage  that  all  eggs  are  not  in  one  basket.  Lastly,  as 
to  the  amount  of  the  charge  for  supply.  Do  not  make  this 
too  low  at  £raL  You  can  always  reduce,  when  your  expe- 
rience of  working  has  shown  that  you  are  able  to  do  so 
without  loss,  but  remember,  no  matter  how  carefully  you 
may  estimate,  nor  how  far-seeing  you  may  be,  only  actual 
working  for  stverai  years  can  show  you  what  your 
running  expenses  are  going  to  be.  A  skilled  engineer 
who  is  careful  will  be  able  to  save  numerous  out- 
goings by  much  thought ;  but  no  engineer,  however  skilful, 
or  however  experienced,  can  be  quite  sure  of  guarding 
against  everything.  Therefore,  leave  a  margin  in  your 
estimate  of  maintenance  cost  for  unforeseen  contingencies, 
especially  under  the  item  of  repairs  to  cables ;  and  to  enable 
you  to  do  this,  put  your  selling  price  as  high  as  you  can 
short  of  driving  the  bulk  of  the  business  away.  There  is  a 
strong  temptation  to  fix  prices  at  a  low  figure  in  order  to 
compete  with  gas  and  to  get  a  large  supply.  It  is  a  most 
unwise  policy.  The  electric  light,  to  be  supplied  as  surely 
aa  gas,  cannot  compete  with  it  in  price,  and  to  attempt  to 
do  so  is  only  to  court  failure. 

Further,  the  light  is  worth  more  than  gas,  just  as  gold  is 
worth  more  per  pound  than  silver.  And  just  as  people 
who  use  gold  are  prepared  to  pay  a  higher  price  for  it  than 
for  a  similar  article  made  of  silver,  so  will  those  who 
appreciate  the  steadiness,  the  healthiness,  and  the  beauty 
of  the  electric  light  be  prepared  to  pay  a  fair  price  for  it. 
Farther,  iu  all  new  things  that  are  introduced  you  do  not 
get  to  the  general  consumer  at  once.  You  first  reach  an  inner 
circle,  spe^Iy  circumstanced,  who  either  do  not  mind  jiay- 
ing  the  extra  price — the  luxury  price — or  to  whom,  owing 
10  their  special  conditions,  the  advantages  of  the  apparatus 
more  than  outweigh  the  additional  cost.  Hence,  from  this 
circle,  a  comparativelv  high  price  is  obtainable.  Outside 
these  stand  a  second  circle,  not  so  ready  to  pay,  not  so 
peculiarly  situated ;  but  who  will  adopt  the  new  thing  if 
either  it  comes  down  to  a  certain  figm^)  or  they  can  see 
that  others  are  reaping  an  advantage  from  it  1  The  expe- 
rience gained  with  the  inner  circle,  properly  applied, 
enables  the  next  circle  to  be  reached  both  in  pnce  and  in 
the  other  requisites.  This  leads  to  a  third  circle,  and  so 
on,  until  the  cost  of  the  new  apparatus  is  actually  reduced 
below  that  of  the  apparatus  it  displaces.  This  is  the 
writer's  experience  with  electrical  apparatus,  and  that  not 
in  one  or  two  cases,  hut  in  every  case  which  has  passed 
through  bia  hands. 

Lighting,  however,  stands  in  this  unique  posidon,  that 
it  has  not  been  necessary,  apparently ,f  or  gas  to  come  down  to 
the  price  of  oil  in  order  to  superaede  the  latter.  To-day, 
and,  in  fact,  ever  since  gas  has  been  in  use,  the  cost  of 
lighUng  with  petroleum  lamps  has  always  been  about  one- 
fittb  that  ot  the  same  lighting  by  gas ;  yet  the  htter  has 
flourished,  and,  strangest  of  all,  the  consumption  of  oil 
and  candles  has  also  enormously  increased. 

Our  grandmothers  were  content  with  two  mould  sandles. 
We  are  not  satisfied  with  a  gas-burner  stated  to  give  li. 

In  conclusion,  the  writer  would  warn  intending  openers 
of  central  electric  lighting  stations  not  to  forget  the  cost 
of  their  provisional  orders.  It  may  be  placed  to  capital 
account,  as  the  coat  of  a  patent  would  be,  or  to 
revenue;  but  do  not  forget  it.  And,  further,  allow  an 
item,  in  sundries  if  you  like,  for  disputes,  legal  charges, 
etc.  If  you  have  no  breakdowns  you  are  sure  to  meet 
with  cantankerous  consumers,  with  men  and  women  who 
are  thoroughly  imbued  with  a  proper  sense  of  the  beauty 
of  the  electric  light,  but  who  regara  it  as  not  far  short  of  a 
providential  dispensation  tiiat  they  should  have  it  for 


nothing,  like  Artemns  Ward's  Mormon  nritors.  These 
people  are  a  nuisance,  but  you  must  reckon  with  them.  Put 
something  in  your  estimate  for  them.  You  will  be  that 
much  to  the  good  if  they  don't  call  for  it 


THE  "HEDGEHOG"  TKANSFORHEB. 

I^at  year  Mr.  Jamea  Swinburne  brought  forward  the 
theory  that  an  open  iron  circuit  could  be  made  more 
efficient  than  any  form  of  closed  iron  cuxuit  transformer. 
The  loss  in  a  transformer  is  made  up  of  loss  ia  com)er  due 
to  resistance  and  loss  in  iron  due  to  hyxteresia.  In  calcu- 
lating the  efficiencies  of  transformers,  the  loss  in  the  iron 
has  generally  been  left  completely  out  of  aocount,  and  the 
loss  in  copper  alone  considered.  Hence  efficiencies  of  97 
and  98  per  cent,  are  claimed  for  closed  iron  circuit  forms. 
If  the  loss  by  hysteresis  ia  taken  into  account,  allowing  the 
losses  as  given  by  Ewing,  the  loss  in  iron  cloeed  circuit 
transformera  aa  usually  deatgned  is  some  10  per  cent,  of 
the  full  load.  As  the  loss  in  iron  goes  on  all  the  time  a 
transformer  is  in  circuit,  this  is  very  serious.  The  propo^ 
tion  of  actual  to  possible  output  ot  ener}^  per  day  varies 
in  different  districts,  hut  in  most  stations  the  average  use 
of  lamps  is  less  than  two  hours  a  day,  including  sJl  the 
lamps  installed.  The  transformer  must  be  large  enough  to 
feed  all  the  lamps  installed,  ao  it  runs,  say,  an  average  two 
hours  of  full  load  a  day.  If  there  is  a  loss  of  10  per  cent, 
of  full  load  in  the  iron,  this  gives  an  actual  efficiency  of 
45*5  per  cent.,  even  neglecting  the  loss  in  copper.  In  the 
hedgehog  form  the  proportion  of  iron  is  very  much 
reduced.  The  cross-section  of  the  iron  ia  much  less,  and  the 
length  is  about  one-tbird  of  that  of  the  closed  circuit  form, 
aa  it  has  not  to  surround  the  wire.  The  result  is  that, 
even  in  small  transformers,  the  iron  loss  is  under  1  per 
cent^  of  the  full  load.  One  per  cent,  of  full  load  givaa  89 
per  cent  all  day,  neglecting  copper  loss,  against  the  45  per 
cent  of  the  closed  circuit  This  is  neglecting  copper,  how- 
ever, and  the  copper  loss  ia  greater  iu  the  hedgehog  form, 
so  this  is  an  exaggerated  comparison.  Such  a  transformer 
really  hae  an  efficiency  of  about  87  per  cent,  all  day. 


The  theory  of  the  hedgehog  form  is  this  :  If  a  closed 
iron  circuit  is  used,  the  iron  circuit  must  be  long  to  embrace 
the  copper  coils.  The  only  way  to  shorten  it  ia  to  make 
the  copper  coils  amaller.  This  means  using  a  higher 
current  density,  which  is  wasteful,  or  fewer  turns  of 
copper,  which  demands  either  a  higher  induction  in  the 
iron  or  a  greater  cross-section,  and  both  of  these  mean 
greater  loss  of  hysteresis.  If  the  iron  circuit  is  opened, 
threo  sides  of  the  embracing  core  can  be  removed,  so  the 
loss  by  hysteresis  is  divided  by  three.  As  there  is  aow 
plenty  of  room  for  copper,  the  turns  and  croea-section  can 
be  increased,  and  the  iron  reduced  still  further.  The 
object  of  introducing  the  closed  iron  circuit  was  to  reduce 
the  magnetic  resistance.  An  open  circuit  transformer  has 
much  nigher  magnetic  resistance.  The  question  of 
magnetic  resistance  is  not  so  important  as  might  at  first 
sight  appear.  Its  increase  demands  more  excitation,  or 
more  magnetomotive  force,  and  this  increaaee  the  loss  in 
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copper.  The  best  form  is  thufl  a  compromise.  The 
hedgehog  ends  are  to  reduce  the  magnetic  resistance.  In 
a  conductive  circuit  the  resistance  is  low  if  the  current 
density  is  low  in  all  parts  where  the  specific  resistance  is 
high.  Similarlj  in  a  composite  magnetic  circuit  of  iron 
and  air,  the  magnetic  resistance  is  low  if  there  is  never  a 
high  "  magnetic  current  density,"  or  induction  in  the  air, 
which  has  high  specific  magnetic  resistance.  The  mag- 
netising current  in  a  hedgehog  is  high,  but  as  it  is  quarter 
of  a  period  behind  the  primary  current  in  phase,  and  as  the 
primary  wire  has  to  be  large  enough  to  carry  the  primary 
current^  the  loss  in  watts  is  small.  As  this  loss  goes  on  all 
day,  however,  it  is  by  no  means  unimportant,  and  has  to 
be  included  in  getting  out  the  efficiencies. 

The  construction  of  these  transformers.  Figs.  1  and  2, 
by  Messrs.  Swinburne  and  Co.,  of  Teddington,  is  very 
simple.  A  gunmetal  casting  of  cross-shaped  section  forms 
the  backbona  It  is  spread  out  at  each  end,  forming  legs 
at  one,  and  taking  circular  terminal  boards  at  the  other. 
It  also  carries  insulating  flanges  which  form  the  ends  of 
the  coils.  Into  the  four  recesses  in  the  core  are  put  four 
bundles  of  soft  iron  wire.  These  are  taped  over,  and  the 
secondary  is  wound  on.  The  secondary  is  then  covered 
with  two  layers  of  ebonite,  and  the  flanges  are  also  faced 
with  the  same  material.  The  primary  is  then  wound  on 
in  two  compartments,  separated  with  ebonite  after  the 
^  manner  invented  by  Gramme,  so  that  both  ends  come  out- 
side, aad  as  far  removed  from  each  other  as  possible.  The 
ends  of  the  core  are  then  spread  out  and  the  transformer 
tested  under  4,000  or  5,000  volts;  the  insulation  in 
megohms  is  read  by  a  special  instrument,  which  measures 
the  efifective  resistance  under  an  alternating  current.  As 
iron  cases  cannot  be  used,  as  they  would  be  magnetised  by 
the  transformer,  and  as  any  metal  would  have  Foucault 
currents  generated  in  it»  stoneware  jars  are  used  for  cases. 
These  have  lids  bolted  down,  with  holes  for  the  leads  as 
shown  in  the  illustration. 


among  us.  While  the  great  cities  of  the  barbarous 
East  are  being  illuminated  by  its  agency,  our  town 
councils  refuse  either  to  allow  a  single  arc  lamp  to 
be  introduced  into  our  streets,  or  to  permit  others  to  do  it. 
Mr.  Bennett  has  laboured  more  than  anyone  else  to  expose 
our  national  shortcomings  in  this  respect.  To  this  we 
owe  his  conception  of  the  present  exhibition,  which, 
it  may  be  hoped,  will  realise  his  object,  and  serve  to 
some  extent  to  dispel  the  general  ignorance  and 
apathy  with  which  electric  science  has  come  to  be 
regarded  among  us.  Many  of  the  leading  features 
of  the  exhibition  are  also  due  to  the  initiative  and  the 
indomitable  zeal  of  Mr.  Bennett.  Indeed,  it  would  be 
difficult  to  exaggerate  the  value  of  his  services  to  the  enter- 
prise. It  is  especially  unfortunate,  too,  that  his  counsel 
will  not  be  readily  available  in  connection  with  the  coming 
problem  of  street  traction  in  Edinburgh  and  Glasgow  which 
will  soon  have  to  be  decided.  In  this  department  of  electric 
science  few  experts  are  better  qualified  to  speak  with 
authority  and  knowledge." 


TELEPHONIC   CHANGES. 


Says  the  Edinburgh  Evening  DespcUeh  in  a  leading  article  : 
"  In  view  of  the  complications  in  telephonic  politics  which 
are  approaching  with  the  expiry  of  the  patents,  the 
resignation  of  Mr.  A.  R  Bennett,  general  mani^er  of  the 
National  Telephone  Company,  is  not  without  significance. 
Divergence  of  views  between  Mr.  Bennett  and  the  bou^ 
of  the  amalgamated  company  is  stated  to  be  the  cause. 
Such  a  divergence  is  not  surprising,  since  the  Scottish 
telephonic  system,  owing  chiefly  to  'Mi.  Bennett's  technical 
skill  and  energetic  management,  has  long  been  recognised 
as  vastly  superior  in  every  respect  to  any  south  of  the 
Tweed,  while  the  London  system,  which  is  the  chief 
achievement  of  the  gentlemen  who  now  sway  the 
sceptre  of  the  Nations?  Company,  is  a  byword  and 
reproach,  and  a  subject  for  mirth  to  all  but  its 
unfortunate  subscribers.  Since  the  Government  have 
definitely  decided  that  telephonic  development  shall  be  left 
to  private  enterprise — a  determination  which  we  feel  sure 
will,  in  the  not  distant  future,  prove  a  serious  and  costlv 
mistake — ^the  withdrawal  of  an  engineer  of  Mr.  Bennetts 
ability  and  experience  is  a  matter  for  sincere  regret  in  this 
part  of  the  country.  In  the  face  of  great  difficulties,  he 
has  practically  created  the  Scottish  telephonic  system, 
overspreading  the  land  with  a  network  of  lines  which,  in 
course  of  time,  threatens  to  rival  that  of  the  Post  Office, 
and  connecting  the  leading  commercial  and  industrial 
communities  in  such  a  way  as  to  immensely  increase  the 
facilities  for  carrying  on  business.  Only  those  who  have 
had  experience  of  the  change  are  capable  of  appreciating 
the  advantages  thus  conferred  on  the  country.  With 
such  a  man  at  the  head  of  the  Scottish  system,  we 
should  at  IcTSt  have  been  assured  that  the  progress  of  the 
poat  few  years  would  be  maintained.  It  is  not  alone  on 
this  account  that  Mr.  Bennett's  prospective  departure 
from  Edinburgh  will  prove  a  loss.  Scotland  is  noto- 
riously, and,  central^  to  her  traditions,  lagging  sadly 
in  the  rear  in  utilising  the  new  force.  Mectricity, 
in    its    manifold   applications,    is   strangely   disregarded 


UTILISING  WATER  POWER. 


A  large  project  for  utilising  water  power  for  electric 
lighting  and  transmission  of  power  is  under  active  considera- 
tion at  Kansas  City,  U.S.  A  recent  local  account  says : 
"  New  facts  regarding  the  plans  of  the  Interstate  Water  and 
Electric  Power  Company,  of  Kansas  City,  Mo.,  have  come 
to  the  surface,  and  they  reveal  that  the  importance 
contained  in  the  successful  carrying  out  of  the  huge  project 
is  a  matter  of  deep  interest  to  the  citizens  of  every  city  and 
town  within  a  nidius  of  25  miles  of  Muncie,  Can.,  the 
seat  of  the  company's  operations.  All  parties  in  interest 
are  very  reticent  about  giving  out  news,  saying  that  the 
matter  has  not  developed  sufficiently  for  publicity  in 
detail ;  but  from  authoritative  sources  it  has  been  learned 
that  New  York  agents  of  New  York  capitalists  are  in 
the  city  and  are  verifying  the  reports  sent  east  by  the  local 
organisations.  A  large  force  of  surveyors  and  engineers, 
brought  directly  from  New  York  City,  is  at  work  at  the 
proposed  site  of  the  huge  dam  across  the  Kaw,  and  are 
making  practical  tests  and  estimates  of  everything  involved 
in  the  gigantic  undertaking.  Should  these  OMcrvations 
and  teste  tally  with  the  puns  and  written  statements 
sent  east  by  the  local  company,  the  money  will  be  forth- 
ceming  at  once,  and  the  stupendous  power  scheme  will 
be  carried  out  The  fact  that  the  eastern  arrangements 
have  not  been  fully  completed  is  the  main  reason  for 
withholding  the  details  of  the  plans  and  purposes  from  the 
public.  Among  the  many  huge  projects  of  the  company 
is  that  of  furnishing  the  cities  and  towns  within  a  radius 
of  25  miles  with  electric  lighting;  and  power.  In  order  to 
get  at  once  established  in  this  hue,  it  is  proposed  to  buy 
out  the  franchises  and  plants  of  the  Kansas  Citv  Electric 
Light  Company,  and  the  Consolidated  Electric  Light  and 
Power  Company,  of  Kansas  City.  To  purchase  the 
former  plant  at  least  500,000dols.  is  requited,  and  from 
250,000dols.  to  350,000dols.  for  the  Kansas  City  plant 
This  purchase  will  give  the  company  the  lighting  of 
both  cities  for  a  number  of  years,  and  the  cheapness 
of  power  will  give  it  full  sway  m  the  furnishing  of  private 
lighting.  The  compiuiy  is  capitalised  at  l,000,000dols., 
but  this  amount  will  be  doubled  before  the  various 
schemes  are  carried  out  The  estimated  cost  of  the 
dam  across  the  Kaw  river  is  80,000dols.,  and  the 
power  buildings,  apparatus,  and  plant  generally  will 
cost  not  less  than  250,000dols.  Many  miles  of  wire 
will  necessarily  have  to  be  laid,  and  to  embrace  the 
manufacturing  branch  of  the  scheme  the  water-power 
apparatus  will  involve  the  expenditure  of  a  large  amount  of 
capital.  The  eastern  capitalists  who  have  practically  entered 
into  the  scheme  have,  it  is  understood,  interested  a  number 
of  large  eastern  manufacturing  concerns  in  the  subject  of 
cheap  power,  and  if  the  dam  is  constructed  will  offer  induce- 
ments to  them  to  transfer  their  plants  there.  This  will  be 
done  under  the  lease  plan,  the  Power  Company  agreeing  to 
furnish  power  at  a  certain  cost  for  a  period  of  years  to  be 
agreed  upoh|  and  in  addition  to  this  thePower  Company  will, 


200        THE  ELECTRICAL  ENGINEER,  SEPTEMBER  5,  1890. 


in  many  instances,  giye  sites  to  the  enterprises.  This  ktter 
was  one  of  the  main  reasons  for  the  purchase  of  273  acres  of 
land  at  the  point  near  Muncie.  The  same  parties  that  have 
control  of  the  local  end  of  the  company  are  interested  largely 
in  the  smelters  at  Muncie,  Turner,  and  Lovelace,  and  will  see 
that  these  institutions  are  properly  engrafted  to  the  power 
circuit.  The  plans  for  damming  the  Eaw  are  in  Uie  nands 
of  a  local  engineer.  The  construction  is  to  be  of  stone  all 
through,  and  will  be  built  in  such  a  manner  as  to  sustain  the 
highest  water  pressure.  A  large  force  of  workmen  will 
necessarily  be  used  during  the  construction  period,  and  at 
least  300  men  will  be  employed  when  the  work  is  in  full 
operation.  The  report  of  the  engineers  sent  out  by  the 
eastern  men  will  be  ready  in  a  short  time.  It  is  definitely 
known  that  so  far  their  tests  have  gone  to  show  the  practi- 
cability of  the  undertaking. 


THE   BRITISH  ASSOCIATION  AT  LEEDS. 


The  sixtieth  meeting  of  the  British  Association  for  the 
Advancement  of  Science  was  inaugurated  at  Leeds  on  Wed- 
nesday nieht,  when  Sir  Frederick  A.  Abel,  C.B.,  F.B.S., 
the  president  for  the  year,  delivered  his  introductory 
address  to  a  large  and  brilliant  company  in  the  Leeas 
Coliseum.  The  cnair  was  taken  by  the  retiring  president. 
Prof.  Flower,  who  introduced  the  president-elect,  alluding 
to  his  special  subject  of  explosives,  amusingly  deprecating 
any  idea  of  hostility  to  the  race,  and  sajdng  that  if,  unhappily, 
there  arose  a  necessity  for  destroying  our  feUow- 
creatures,  Sir  Frederick  Abel  merely  wished  it  to 
be  done  in  as  scientific  a  manner  as  possible.  As 
a  set-off  against  what  he  had  done  in  that  direction,  he 
had  also  taken  a  great  part  in  that  endeavour  which  had 
been  made  of  late  years  to  track  out  the  causes  and 
diminish  the  frequency  of  those  appalling  accidents  which 
rendered  the  life  of  the  miner  one  of  such  anxiety  and  such 
risk. 

Prof.  Flower  then  vacated  the  chair,  which  was  taken  by 
Sir  Frederick  Abel  amid  the  applause  of  the  meeting. 


PRESIDENTIAL  ADDRESS  BY  SIR  FREDK.  AUGUSTUS 
ABEL,  C.B.,  D.CL,  D.So.,  F.R.S.,  &c. 

Many  who  had  the  pleasure  of  listening  last  year,  at  Newcastle, 
to  the  interesting  and  instructive  address  of  the  president,  to 
whom  I  am  a  most  unworthy  successor,  oould  not  fail,  both  by  the 
chief  subject  of  his  discourse  and  by  the  circumstance  of  the 
official  position  which  he  occupies  with  so  much  benefit  to  science 
and  the  public,  to  have  their  thoughts  directed  to  the  iUustrious 
naturalist  whose  phUosophical  addrass  delighted  the  members  of 
the  association  and  the  people  of  Leeds  32  years  ago. 

More  than  one-half  the  period  of  existence  of  this  associa- 
tion has  passed  sinee  Richard  Owen  presided  over  its  meeting 
in  this  town.  Alas !  what  gaps  have  been  created  in  the 
ranks  of  those  who  then  were  prominent  for  activity  in 
advancing  its  work :  the  then  general  secretary,  Sir 
Edward  Sabine ;  the  all-popular  assistant  general  secretary,  John 
PhiUips ;  the  treasurer,  John  Taylor,  now  live  with  us  onlv 
through  their  works  and  the  enduring  esteem  which  they  inspired. 
But  very  few  of  those  who  held  other  prominent  positions  at  that 
meeting  have  survived  to  see  the  association  reassemble  in  this 
town.  WheweU,  Hersohei,  Hopkins,  the  elder  Brodte,  Murchison, 
William  Fairbaim,  aU  presidents  of  sections  in  1858,  have  lonj? 
since  been  removed  from  among  us ;  and  the  then  president  of 
Section  F,  Edward  Baines,  a  much-honoured  and  hignly-talented 
son  of  the  "  Franklin  of  Leeds,*'  whom  we  had  hoped  to  count 
among  those  vice-presidents  representing  the  citron  this  occasion, 
has  recently  passed  away,  in  his  ninetieth  year,  alter  a  most  honour- 
able and  us^l  career,  durine  which  he  especiaUy  distinguished 
himself  by  his  successful  exertions  in  the  advancement  of  the  great 
educational  movements  of  fajs  time. 

The  illustrious  president  of  our  last  meeting  here,  concerning 
whose  health  the  gravest  apprehensions  were  not  long  since  enter- 
tidned,  is  happilv  still  preserved  to  us  ;  still  intellectually  bright 
at  the  ripe  age  of  86,  and  still,  with  the  keen  pleasure  of  ms  earlv 
life,  following  the  progress  of  those  branches  of  scientific  researcn 
which  have  constituted  the  favourite  occupations  and  the  arena 
of  many  intellectual  triumphs  of  a  long  career  of  ardent  and  suc- 
cessful devotion  to  the  advancement  of  science. 

To  not  a  few  of  those  who  have  flocked  to  Leeds  to  attend  the 
annual  gathering  of  this  association,  our  present  meeting-place  is 
doubtless  known  chiefly  by  its  proud  position  as  one  of  the  most 
thriving  manufacturing  towns  of  the  United  Kingdom  ;  of  ancient 
renown,  especially  in  connection  with  one  of  the  chief  industries 
identified  with  Great  Britain  in  years  past.  But  this  good  town 
of  Leeds,  whose  doth  market  was  described  bv  Daniel  l)efoe,  160 
odd  years  ago,  as  *'  a  prodigy  of  its  kind,  ana  not  to  be  equalled 


in  the  world,"  and  whose  present  position  In  connection  with 
divers  of  our  ereat  industries  would  have  equally  excited  the 
enthusiasm  of  uiat  graphic  writer,  is  famous  for  other  things  than 
its  prominent  association  with  manufactures  and  commerce. 

Not  many  of  our  great  industrial  centres  can  boast  of  so  goodly 
an  array  upon  the  scroll  of  their  past  history  of  names  of  mem 
eminent  in  the  sciences,  the  arte  ana  manufactures,  in  divinity  and 
letters,  and  in  heroic  achievements,  such  as  are  identified  with 
Leeds  and  its  immediate  vicinity  :  Thomas,  Lord  Fairfax,  one  of 
the  most  prominent  heroes  of  the  Commonwealth ;  Smeaton,  an 
intellectual  giant  among  engineers  ;  William  Hizst  and  John 
Marshall,  illustrious  examples  of  the  men  who  by  their 
genius,  energy,  and  perseverance  placed  Great  Britain 
upon  the  pinnacle  of  mdustrial  ana  commercial  greatness 
wnich  she  so  long  occupied  unassailed ;  Richard  Bentley, 
the  eminent  classic  and  divine ;  John  Nicholson,  the  Airedale 
poet ;  John  Fowler  and  Peter  Fairbaim,  worthy  followers 
m  the  footsteps  of  Smeaton ;  Isaac  Milner,  weaver  and  mathe- 
matician, afterwards  senior  wrangler,  Smith's  prizeman,  Jacksonian 
Professor,  President  of  Queen's  College,  Vice-Chancellor  of  Cam- 
bridge University,  Dean  of  Carlisle,  and  a  most  illustrioas  Fellow 
of  the  Royal  Society ;  Thoresby,  antiquarian  and  topographer  ; 
Benjamin  Wilson,  painter,  and  industrious  contributor  to  the 
development  of  ^electrical  science ;  William  Hey,  the  eminent  sur- 
geon, and  friend  and  counsellor  of  Priestley ;  Sadler,  political 
economist  and  philanthropist ;  the  brothers  Sheepshanks :  Richard, 
the  astronomer,  and  John,  the  accomplished  patron  of  the  art«, 
and  munificent  contributor  to  our  national  art  treasures ;  Edward 
Baines,  whose  conspicuous  talents  and  energy  developed  a  small 
provincial  journal  into  one  of  the  most  powerful  pnbuc  organs  of 
the  country  ;  his  talented  sons,  of  whom  not  the  least  conspicaoos 
and  highly  respected  ¥ras  the  late  Sir  Edward  Baines.  I  might 
swell  this  voluminous  list  by  reference  to  illustrious  members  of  such 
families  as  that  of  Denison,  of  Beckett,  of  Lowther,  but  the  men  I 
have  referred  to  fitly  illustrate  the  remarkable  array  of  worthies 
whose  careers  have  shed  lustre  upon  the  town  in  or  near  which 
they  were  bom.  Yet  that  illustration  would  be  altogether  incom* 
pleto  if  I  failed  to  speak  of  one  whose  career  and  works  alone 
would  suffice  to  place  Leeds  in  the  foremost  rank  of  those  English 
towns  which  can  claim  as  their  own  men  whose  course  of  Ufe  and 
whose  achievements  have  secured  their  pre-eminence  among  our 
illustrious  countrymen.  Needless  to  say  that  I  refer  to  Joseph 
Priestley,  born  within  six  miles  of  Leeds,  whose  name  holds  rank 
among  the  foremost  of  successful  workers  in  science,  who  by 
brilliant  powers  of  experimental  investigation  rapidlv  achieved  a 
series  of  discoveries  which  helped  largely  to  dispel  toe  shroud  of 
mystery  surrounding  the  art  of  alchemy,  and  to  lay  the  founda- 
tion of  true  chemiciu  science.  An  ardent  student  of  the  claasica,  of 
Eastern  languages,  and  of  divinity,  a  zealous  exponent  of  theological 
doctrines  which  marred  his  career  as  divine  ana  instructor,  he  early 
displayed  conspicuous  talents  for  the  cultivation  of  experimental 
science,  which  he  pursued  with  ardour  under  formidable  oifficulties. 
His  acquaintance  with  Franklin  probably  developed  the  taste  for  the 
study  of  electric  science  which  led  him  to  labour  suooeasfully  in 
this  direction ;  and  the  publication,  in  1767,  of  his  valuable  work 
on  <*  The  History  and  Present  State  of  Electricity,  with  Original 
Experiments,"  secured  him  a  prominent  position  amons  the 
working  Fellows  of  the  Royal  Society.  His  connection  wiUi  Mill 
Hill  Chapel,  in  1768,  appears  to  have  given  rise,  accidentally,  to 
his  first  embracing  the  experimental  pursuit  of  what  formerly 
was  termed  pneumatic  chemistry,  the  foundation  to  which  had 
been  laid  b^  Cavendish's  memorable  contribution,  in  1766,  to  the 
"Philosophical  Transactions,''  on  carbonic  acid  and  hydrogen. 
Priestley^  first  publication  in  pneumatic  chemistry,  on  "  Impreg- 
nating Water  with  Fixed  Air"  (carbonic  acid),  attracted  great 
attention ;  it  was  at  once  translated  into  French,  and  the  C^ege 
of  Physicians  addressed  the  Lords  of  the  Treasury  thereon, 
pointing  out  the  advantages  which  might  result  from  tne  emplov- 
ment,  by  men  at  sea,  of  water  impregnated  with  carbonic  acid 
gas,  as  a  protective  against,  or  cure  for,  scurvy. 

Six  years  later  Priestley  investigated  the  chemical  efieote  pro- 
duced on  the  air  by  the  burning  ofcandles  and  the  respiration  of 
animals,  and,  having  demonstrated  that  it  was  thereby  aiminished 
in  volume  and  deteriorated,  he  showed  that  Uvine  pUnts  poeseseed 
the  power  of  rendering  air,  which  had  been  thus  deteriorated, 
once  more  capable  of  supporting  the  combustion  of  a  candle.  At 
about  this  time  Priestley  receive  very  advantageous  proposals  to 
accompany  Captain  Cook  upon  bis  second  expedition  to  tne  South 
Seas ;  nut  when  about  to  prepare  for  his  departure  he  learned 
from  Sir  Joseph  Banks  that  objections  against  his  appoint- 
ment, on  account  of  the  great  latitude  of  his  rSigious 
principles,  had  been  successfully  ureed  by  some  eccle- 
siastic member  of  the  Board  of  Longitude.  In  1773 
the  Royal  Society  awarded  Priestley  the  Coplev  Medal  for  a 
remarkable  paper  entitled  "Observations  on  Dififercnt  Kinde  of 
Air,"  and  in  that  year  he  became  librarian  and  literary  companion 
to  the  Earl  of  Shelboume  (afterwards  Marquis  of  Lansdowne),  and 
thereby  secured  special  advantages  in  the  pursuit  of  his  scientific 
researches. 

With  respect  to  his  departure  from  Leeds,  ho  expressed  himself 
as  having  been  very  happy  there  "  with  a  liberal,  friendly^  and 
harmonious  congregation,  to  whom  my  services  (uf  which  I  was 
not  sparing)  were  very  acceptobla  Bfere  I  hal  no  unreasonable 
prejudices  to  contend  with,  so  that  I  had  full  scope  for  every  kind 
of  exertion,  and  I  can  truly  say  that  I  always  cor^sidered  Uie  office 
of  a  Christian  minister  as  the  most  honourable  of  any  upon  earth, 
and  in  the  studies  proper  to  it  I  always  took  the  greatest  pleaeure.* 
During  the  next  five  vears  he  published  as  many  volumes 
describing^  the  results  of  important  experiments  on  air.  After 
investigating  the  properties  oi  nitric  oxide,  and  applying  it  to  thQ 
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aoalyais  of  air,  Prieetley,  in  1774,  disoovered  and  carefully  studied 
QTjeen,  which  he  obtained  bv  the  action  of  heat  npon  the  red 
onde  of  mercnry.  He  waa  the  first  to  prepare  ana  study  sul- 
phurous acid,  carbonic  oxide,  nitrons  oxide,  hydrochloric  acid 
{tnarine  acid  air),  and  the  fluoride  of  silicon,  and  carried  out 
important  researches  on  the  properties  of  hydrogen,  and  of  other 
gases  previously  but  little  known.  His  great  quickness  of  per- 
ception and  power  of  experiment  led  him  to  the  achievement  of 
many  novel  and  important  results;  but  one  cannot  help  con- 
trasting his  somewhat  random  search  after  new  discoveries  with 
the  dose  logical  reasoning  and  philosophic  spirit  which  guided 
and  pervadca  the  remarkable  researches  of  hmi  whose  dej^uture 
from  amongst  us  since  the  last  gathering  of  this  association  is  so 
universally  deplored— of  the  mat  discoverer  of  the  universal  law 
of  the  conversion  of  energy,  James  Prescott  Joule.  I  could  not 
add  to  the  judicious  and  graceful  reference  to  his  work  which  Sir 
Henry  Roscoe  was  privileged  to  make,  in  the  last  year  of  that 
phUosopher's  valuable  life,  when  presiding  over  the  recent  meeting 
of  the  association  in  the  town  which  gloried  in  numbering  Joule 
among  its  citizens ;  but  I  may,  perhaps,  be  permitted  to  express 
the  sanguine  hope  that  the  desire  of  the  scientific  world  to  secure 
the  establishment  of  an  international  memorial  fitly  commemora- 
tive of  his  great  life  work  may  be  realised  in  the  most  ample 
manner. 

The  wide  scope  of  the  admirable  discourse  delivered  by  Owen  in 
this  town  32  years  ago  afibrds  an  interesting  illustration  of  the 
delight  which  men  whose  best  energies  are  devoted  to  the  cultiva- 
tion of  one  particular  branch  of  science  take  in  the  results  of  the 
labours  of  their  fellow-workers  in  other  departments,  and  in  their 
achievements  in  contributing  to  the  general  advancement  of  our 
knowledge  of  Nature's  laws  and  S  their  operations.  It  is 
to  this  bond  of  intimate  union  between  all  workers  in  pure 
science^  that^  we  owe  the  instructive  reviews  of  the  progress 
made  in  different  departments  of  science  with  wnich  we 
have  often  been  presented  at  our  annual  gatherings.  On  the  other 
hand,  those  men  from  time  to  time  selected  to  fill  the  distinguished 
office  of  president,  whose  lives  have  been  mainly  devoted  to  the 
practical  utilisation  of  the  results  of  scientific  research,  and  to  the 
extension  in  particular  directions  of  the  consequent  resources  of 
civilisation,  seize  with  keen  pleasure  the  opportunity  afforded 
them  of  directing  attention  to  the  triumphs  achieved  in  the  appli- 
cations to  the  purposes  of  daily  life  of  tne  great  scientific  truths 
established  by  such  illustrious  labourers  in  the  fields  of  pure 
science  as  Newton,  Dalton,  Faraday,  and  Joule.  The  wide  and 
constantly-extending  domain  of  applied  science  presents,  even  to 
the  suoerficial  observer,  a  continually  varied  scene ;  not  a  year 
passes  out  some  great  prize  faUs  to  the  lot  of  one  or  other  of  its 
explorers,  and  some  apparently  insignificant  vein  of  treasure, 
struck  upon  but  a  few  years  back,  is  rapidly  opened  out  by  cunning 
explorers,  until  it  leads  to  a  mine  of  vast  wealth  from  which  brancn 
out  in  manv  directions  new  sources  of  power  and  might. 

Among  the  branches  of  science  in  the  practical  applications  of 
which  the  greatest  strides  have  been  made  since  the  association 
met  at  Leeds  in  1858  is  electricity.  That  year  witnessed  the 
accomplishment  of  the  first  ereat  step  towards  the  establishment 
of  electrical  communication  between  Europe  and  America,  by  the 
laying  of  a  telegraph  cable  connecting  Newfoundland  with 
Valencia.  Through  this  cable  a  message  oi  31  words  was  shortly 
afterwards  transmitted  in  35  minutes;  an  achievement  which, 
though  exciting  great  enthusiasm  at  the  time,  scarcely  afforded 
promise  of  the  succession  of  triumphs  of  ocean  telegraphy  which 
hAve  since  surpassed  the  wildest  dreams  of  the  pioneers  in  the 
realms  of  applied  electricity. 

The  development  of  the  electric  telegraph  constitutes  a  never- 
failing  subject  of  the  liveliest  interest.  The  experiments  made  by 
Stephen  6rav,in  1727,  of  transmitting  electrical  impulses  through 
a  wire  700ft.  long ;  by  Watson,  20  yean  afterwards,  of  transmitting 
frictional  electricity  through  many  thousand  feet  of  wire,  sup- 
ported by  a  line  of  poles,  on  Shooter's  Hill,  in  Kent,  and  by 
Franklin,*  who  carried  out  a  similar  experiment  at  Philadelphia, 
although  thcr^  were  followed  by  many  other  interesting  and  ^lilo- 
sophical  appUcations  of  frictional  electricity  to  the  transmission  of 
aigDals— were  not  productive  of  really  practical  results.  The  work 
of  Gralvani  and  of  Volta  was  more  fruitful  of  an  approach  to 
practical  telegraphy  in  the  hands  of  Sommering  andof  Coxe,  while 
the  researches  of  Oersted,  of  Amp^,  of  Sturgeon,  and  of  Ohm, 
and  especially  the  discoveries  of  volta-dectric  induction  and 
ma^eto-elecmcity  by  Faraday,  paved  the  way  for  the  develop- 
ment of  the  electric  telegraph  as  a  practical  reality  by  Cooke  and 
Wheatstone  in  1837.  How  remarkable  the  strides  have  been  in  the 
resources  and  powera  of  the  telegraphist  since  that  time  is  demon- 
strated by  a  few  such  facts  as  these  :  The  first  needle  instrument 
of  Cooke  and  Wheatstone  transmitted  messages  at  the  rate  of  four 
words  per  minute,  requirii^  five  wires  for  that  purpose ;  six 
mesaagee  are  now  conveyed  By  one  single  wire  at  10  times  that 
speed,  and  news  is  dispatched  at  the  rate  of  600  words  per  minute. 
Dupkcc  working,  whion  mora  than  doubled  the  transmitting  power 
of  a  submarine  cable,  was  soon  eclipsed  by  the  application  of 
Edi8on*8  quadruplex  working,  which  has  in  its  turn  been  surpassed 
by  the  multiplex  system,  whereby  six  messiures  may  be  sent  inde- 
pendently in  either  direction  on  one  wire.  When  last  the  Britirii 
Association  met  in  Leeds  submarine  telegraphy  had  but  just 
started  into  existence ;  30  years  later  the  aooompushed  president 
of  tbe  Mechanical  Section  informed  us  at  our  meeting  at  Bath  that 
1 10,000  miles  of  cable  had  been  laid  by  British  ships,  and  that  a 
floet  of  nearly  40  ships  was  occupied  in  various  oceans  in  main- 
taining eaisfiing  cables  and  Umng  new  ones. 

The  important  practical  achievements  by  which  most  formidable 
difficulties  have  been  surmounted  step  by  step  in  the  successive 
Attainment  of  the  marvellous  results  of  our  day  have  exerted  an  I 


influence  upon  the  advancement,  not  merely  of  electrical  science, 
but  also  of  science  generally  and  of  its  applications,  fcdiy  equal  to 
that  which  they  have  exercised  upon  the  development  <A 
commerce  and  of  the  intercourse  between  the  nations  of  the  earth. 
Thus,  the  laying  of  the  earliest  submarine  cables,  between  1851 
and  1855,  led  Sir  W.  Thomson,  in  conference  with  Sir  George 
Stokes,  to  work  out  the  theory  of  signalling  in  such  cables  by 
utilising  the  mathematical  results  arrived  at  by  Fourier  in  his 
investigation  of  the  propagation  of  heat-waves.  The  failure  of  the 
first  AUantic  cable  led  to  the  survey  of  the  bottom  of  the  Atlantic, 
which  was  the  forerunner  of  deep-sea  explorations,  culminating  in 
the  work  of  the  "  Challenger  "  Expedition,  and  opening  up  new 
treasures  of  knowledge  scarcely  dreamt  of  when  last  the  ^riUsh 
Association  met  at  Leeds.  To  the  difficulties  connected  with  the 
early  attempts  at  submarine  telegraphy,  and  the  determination 
with  which  Thomson  drove  home  the  lessons  learned,  we  owe  the 
systematic  investigations  into  the  causes  of  the  variations  in 
resistance  of  copper  conductora,  and  the  consequent  improvements 
in  the  metallurgy  of  copper,  which  led  to  the  realisation  of  the 
high  standard  of  purity  of  metal  essential  for  the  efficient  working 
of  telegraphic  systems,  and  also  to  the  extensive  utiHsation  m 
electricity  in  the  production  of  pure  copper.  The  rare  combina- 
tion of  originality  in  powers  of  research  and  perspicuity  in  mathe- 
matical reasoning,  with  inventive  and  constructive  genius  for 
which  Thomson  has  so  long  been  pre-eminent,  has  plaoed  at  the 
disposal  of  the  investigator  of  electric  science,  and  ot  the  practical 
electrician,  instruments  of  measurement  and  record  which  have 
been  of  incalculable  value,  and  which  owe  their  origin  to  the 
theoretical  conclusions  arrived  at  by  him  in  his  researdies  into 
the  conditions  to  be  fulfilled  for  the  attainment  of  practical 
success  in  the  construction  and  employment  of  submarine 
cables.  The  mirror  galvanometer,  the  quadrant  electrometer,  the 
syphon  recorder,  and  the  divided-ring  electrometer,  are  illustra- 
tions of  the  valuable  outcome  of  Thomson's  laboura ;  the  combina- 
tion of  the  last-named  instrument  with  sliding  resistance  coUs  has 
rendered  possible  the  accurate  subdivision  of  a  potential  difference 
into  10,000  eaual  parts.  The  general  use  of  condensera  m  connec- 
tion with  cable  signalling,  due  to  Varley's  application  of  them  for 
signalling  through  submerged  cables  with  induced  short  waves, 
was  instrumental  in  establishing  the  fact  that  all  electrostatic 
phenomena  are  simply  the  result  of  starting  an  electric  current  €d 
known  short  duration  round  a  closed  circuit.  The  practical 
application  of  the  Wheatstone  bridge  led  to  numerous  important 
mathematical  investigations,  and  induced  Clerk  Maxwell  to  devise 
a  new  mode  of  applying  determinants  to  the  solution  of  the 
complicated  electrical  problems  connected  with  networks  of  con- 
ductora. The  necessity  for  the  universal  recognition  of  an  electrical 
unit  of  resistance  led  to  the  establishment,  in  1860,  of  the  Electrical 
Standards  Committee  of  the  British  Association,  whose  long 
succession  of  important  annual  reports  was  instrumental  in  most 
important  developments  of  theoretical  electricity,  and,  indeed, 
served  to  open  up  the  whole  science  of  electrical  measurement. 
Matthiessen^s  important  investigations  of  the  electrical  behaviour 
of  metals  and  their  alloys,  ana  the  praparation  and  properties  of 
pure  iron,  were  the  outcome  of  the  commercial  demand  for  a 

SracticiJly  useful  standard  of  electrical  resistance,  while  Latimer 
lark's  practical  standard  of  E.M.F.,  the  mercurous  sulphate 
cell,  became  invaluable  to  the  worker  in  pure  electrical  research. 
The  unit  of  resistance  established  by  the  British  Assoda- 
tion  Committee  received,  in  1866,  most  important  scientific 
application  at  the  hands  of  Joule,  who,  by  measuring  the  rate  of 
development  of  heat  in  a  wire  of  Imown  reeistanoe  by  the  passage 
of  a  known  currant,  obtained  a  new  value  of  the  mechanical 
equivalent  of  heat.  This  value  differed  by  about  1*3  per  cent, 
from  the  most  accurate  results  arrived  at  by  his  experimente  on 
mechanical  friction,  a  differance  which  eventually  proved 
to  be  exactly  the  error  in  the  British  Association  unit  of 
resistance ;  so  that  the  true  value  of  the  unit  of  resistance,  oB 
ohm,  was  determined  by  Joule  15  yeara  befora  this  result  was 
achieved  by  electricians.  Clerk  Maxwell's  ramarkable  electro- 
magnetic theory  of  light  was  put  to  the  test,  through  the  aid  of 
the  British  Association  unit  oi  resistance,  by  Thomson,  in  deter- 
mining the  ratio  of  electromagnetic  unit  to  the  electrostatic  unit 
of  quantity.  Many  other  most  interesting  illustrations  might  be 
gnven  of  the  invaluable  aid  afforded  to  purely  scientific  research  by 
the  practical  resulto  of  the  development  of  electrical  sdenoei 
and  of  the  constant  co-operation  between  the  science  student 
and  the  mujtical  worker.  No  one  could  mora  fitly,  than  the 
late  Sir  William  Siemens,  have  maintained,  as  he  did,  in  his 
admirable  address  at  our  meeting  in  Southampton,  in  1882, 
that  we  owe  most  of  the  rapid  progress  of  recent  times  to  the 
man  of  science  who  partly  devotes  his  energies  to  the  solution 
of  practical  problems,  and  to  the  practitioner  who  finds  relaxa- 
tion in  the  prosecution  of  purely  scientific  enquiries.  Most 
assuredly,  botn  ^ese  classes  of  the  world's  benefactora  may  with 
eaual  right  lay  claim  to  rank  the  name  of  Siemens  among  those 
wnom  they  count  most  Ulustrious  I 

In  that  highly  interesting  and  valuable  address,  delivered  little 
mora  than  a  year  befora  his  sudden  untimely  ramoval  from  among 
us,  tiie  numerous  important  subjecto  discussed  by  him  included 
not  a  few  which  he  had  made  peculiarly  his  own  in  the  wide  range 
embraced  by  his  enviable  power  of  combining  scientific  research 
with  practical  work.  Prominent  among  these  wera  the  applica- 
tions of  electric  energy  to  lighting  and  heating  purposes,  and  to 
the  transmission  of  power,  to  the  futura  development  of  which  his 
personal  laboura  very  greaUy  contributed. 

Siemens  referred  to  the  passing  of  the  firat  Electric  Lighting 
Bill,  in  the  year  of  his  presidency,  as  being  designed  to  faoilitete 
the  establishment  of  electric  installations  in  towns ;  but  the  anxiety 
of  the  Government  of  that  day  to  protect  the  intereete  of  the 
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aad  ia  America.  Comparatively  little  has  been  acoomplished  in 
this  direction  in  England,  but  it  is  very  interestins  to  note  on  the 
present  occasion  that  the  first  sacoessfol  praoticiS  application  of 
olectricity  in  this  country  to  pampinfl^  and  underground  haulage 
work  was  made  in  1887  in  this  neighbourhood,  at  the  St.  John's 
Colliery,  at  Kormanton,  where  an  extensive  installation,  carried 
oat  by  Mr.  Immisch,  sp  well  known  in  connection  with  electric 
launches,  is  furnishing  very  satisfactory  results  in  point  of  economy 
and  efficiency.  The  gigantic  installations  existing  for  the  same 
purposes  in  Nevada  and  California  afiTord  remarkable  illustrations 
of  the  work  to  be  acoomplished  in  the  future  by  electrically  •trans- 
mitted energy. 

Amon^  the  manv  subjects  of  importance  studied  by  Joule  with 
the  origuality  and  thoroughness  cnaracteristic  of  his  work  was  the 
application  of  voltaic  electricitv  to  the  welding   and  fusion  of 
metals.    Thirty-four  years  a^o  he  published  a  most  suggestive 
paper  on  the  subject,  in  which,  after  dealing  with  the  dimculties 
attending  the  operation  of  welding,  and  of  the  interference  of  films 
of  oxide,  formed  upon  the  highly-heated  iron  surfaces,  with  the 
production  of  perfect  welds  either  under  the  hammer  or  by  the 
methods  of  pressure  (of  which  he  then  predicted  the  ai>plication 
to  laz^e  masses  of  forged  iron),  he  refers  to  the  possioility  of 
applying  the  calorific  agency  of  the  electric  current  to  the  weld- 
iog  of  metals,  and  describes  an  operation  witnessed  by  him  in  the 
laboratory  of  his  fellow-labourer,  Thomson,  of  fusing  together  a 
bundle    of    iron  wires  by   transmitting   through   them,    when 
embedded  in  charcoal,  a  powerful  voltaic  current.    Joule  after- 
wards succeeded  in  fusing  together  a  number  of  iron  wires  with 
the  current  of  a  Daniell  battery,  and  of  welding  together  wiras  of 
brais  and    steel,  platinum    and  iron,  etc.     In  discussing  the 
question  of  the  amount  of  zinc  consumed  in  a  battery  for  raising 
a  given  amount  of  iron  to  the  temperature  of  fusion,  he  points  out 
that  the  same  object  would  probably  be  more  economically  attained 
by  the  use  of  a  maffneto-electric  machine,  which  would  allow  the 
heat  to  be  provided  by  the  expenditure  of  mechanical  force, 
developed  in  the  first  instance  by  the  expenditure  of  heat ;  and  he 
indicates   the  possibility    of  arranging    machinery    to   produce 
electric  currents  which  shall  evolve  one-tenth  of  the  total  heat  due 
to  the  oombofition  of  the  coal  used,  so  that  5,000  grains  of  coal 
applied  through  that  agency  would  suffice  for  the  fusion  of  lib.  of 
iron.    The  successful  practical  realisation  of  Joule's  predictions  in 
r^ard  to  the  application  of  electric  currents  thus  developed  to  the 
welding  of  iron  'and  steel,  and  to  analogous  operations  through 
the   agency    of    the     efficient     machines     devised     by     Prof. 
Eliha     Thonoson,     was     demonstrated     to     the     members    of 
the  association  by  Prof.  Ayrton  at  Bath  two  years  ago,   and 
was  shown  upon  a  larger  scale  to  visitors  at  the  Faris  Ejuiibibion 
last  year,  and  recently  to  highly-interested  audiences  in  London 
by  our   late    president.  Sir   Frederick  Bramwell.      The  latter 
demonstrated  tnat  the  production  of  iron  welds  by  means  of  the 
Thomson  machines  was  accomplished  nearly  twice  as  rapidly  as  by 
expert  craftsmen ;  the  perfection  of  the  welds  being  proved  by 
the  fact  that  the  strength  of  bars  broken  by  tensile  strains  at  the 
welds  themselves  was  about  92  per  cent,  of  the  strength  of  the 
solid  metaL     At  the  Crewe  Works  Mr.  Webb  is  successfully 
applying  one  of  these  machines  to  a  variety  of  welding  work.    The 
raplaity  wi^  which  masses  of  metal  of  various  dimensions  are 
raised  m  those  machines  to  welding  heat  is  quite  under  control ; 
the  heat  is  applied  without  the  advent  of  any  impurities,  as  from 
fuel,  and  the  speed  of  execution  of  the  welding  operation  reduces 
to  a  minimum  the  time  during  which    the  heated  surfaces  are 
liable  to  oxidise.    With  such  practical  advanta^s  as  these,  this 
I    system  of  electric  welding  bids  fair   to    receive   many   useful 
applications. 

Another  very  simple  system  of  electric  welding,  especially 
applicable  to  thin  iron  and  steel  sheets,  hoops,  etc.,  has  been 
contemporaneously  elaborated  in  Russia  by  Dr.  Bemados,  and  is 
already  being  extensively  used.  The  required  heat  at  the  surfaces 
to  be  welded  is  developed  by  eonneoting  the  metal  with  the 
negative  pole  of  the  dynamo  machine  or  of  a  battery  of  accumula- 
tors, the  circuit  being  completed  by  applying  a  carbon  electrode  to 
the  parte  to  be  heated.  Tne  reducing  power  of  the  carbon  is  said 
to  preeerve  the  heated  metal  surfaces  from  oxidation  during  the 
very  brief  period  of  heating.  This  mode  of  operation  appears  to 
have  been  practised  upon  a  small  scale  some  years  ago  by  Sir 
William  Siemens,  to  whom  we  also  owe  the  first  attempt  to 
practically  apply  electric  energy  to  the  smelting  of  metals. 

In  his  adaresB  in  18S2  he  referred  to  some  results  attained 
with  his  small  electrical  furnace,  and  pointed  out  that  although 
electric  energy  could  obviously  not  compete  economically 
with  the  direct  combustion  of  fuel  for  tne  production  of 
ordinary  degrees  of  heat,  the  electric  furnace  would  probably 
receive  advantageous  application  for  the  attainment  of  tem- 
peratures exceeding  the  limits  (about  l,800deg.  C.)  beyond 
which  combustion  was  known  to  proceied  very  sluggishly. 
This  prediction  appears  to  have  been  already  realised  through  the 
importimt  labours  of  Messrs.  Cowles,  who  some  years  ago  attacked 
the  subject  of  the  application  of  electricity  to  the  achievement  of 
metallurgic  operations  with  the  characteristic  vigour  and  fertility 
of  resource  of  our  l^unsatlantic  breUiren.  After  very  promising 
preliminary  experiments,  they  succeeded  in  1885,  at  Cleveland, 
Ohio,  in  maturing  a  method  of  operation  for  the  production  of 
aluminium-bronxe,  ferro-aluminium,  and  silicium-bronze»  with 
results  so  satisfactory  as  to  lead  to  the  erection  of  extensive  works 
at  Lockport,  N.Y.,  where  three  dynamo  machines,  each  supplying 
a  current  of  about  3,000  amperes,  are  worked  by  water  power 
through  the  agency  of  turbinesi  each  of  500  h.p4,  18  electric 
forziaces  bang  now  in  operation  for  the  production  of  aluminium 
aUovs.  These  achievements  have  led  to  the  establishment  of  similar 
works  in  North  Stafibrd8hire»  where  a  gigantic  dynamo  machino 


has  been  erected,  fumishiaga  current  of  5,000  amperes,  with  an 
E.M.F.  of  50  to  60  volts.  The  arrangement  of  the  electrodes  in 
the  furnaces,  the  preparation  of  the  furnace  charges  (consisting  of 
mixtures  of  aluminium  ore  with  charcoal  and  with  the  particular 
granulated  metal  with  which  the  aluminium  is  to  become 
alloyed  at  the  moment  of  its  elimination  from  the  ore),  the 
appliances  for  securing  safety  in  dealing  with  the  current  from  the 
huge  dynamo  machine,  and  many  other  details  connected  with 
this  new  system  of  metallurgic  work,  possess  great  interest. 
Various  valuable  copper  and  aluminium  alloys  are  now  produced 
by  alloying  copper  itseLf  with  definite  proportions  of  the  copper 
alloy,  very  ricn  in  aluminium,  which  is  the  product  of  the  electric 
furnace.  The  rapid  production  in  large  quantities  of  ferro- 
aluminium — ^whicn  presents  the  aluminium  in  a  form  suitable  for 
addition  in  definite  proportions  to  fluid  cast  iron  and  steel— is 
another  useful  outcome  of  the  practical  development  of  the  electric 
furnace  by  Messrs.  Cowles. 

The  electric  process  of  producing  aluminium  alloys  has,  how- 
ever, to  compete  commercially  with  their  manufactare  by  adding 
to  metals  or  alloys  pure  aluminium  produced  by  processes  based 
upon  the  methods  originally  indicated  by  Oersted  m  1824,  success- 
fully carried  out  by  Wbhler  three  years  later,  and  developed  into  a 
practical  process  oy  H.  St.  Claire  Deville  in  1854'namely,  by 
eliminating  iJuminium  from  the  double  chloride  of  sodium  ana 
aluminium  in  the  presence  of  a  fluoride,  through  the  agency  of 
sodium.  An  analogous  process,  indicated  in  the  first  instance  by 
H.  Rose — namely,  tne  corresponding  action  of  sodium  upon  the 
mineral  cryolite,  a  double  fluoride  of  aluminium  and  sodium — has 
also  been  recently  developed  at  Newcastle,  where  the  first  of  these 
methods  was  applied  upon  a  somewhat  considerable  scale,  in  1860, 
by  Sir  Lowthian  Bell,  but  did  not  then  become  a  commeroial 
success,  mainly  owing  to  the  costliness  of  the  requisite  sodium. 
As  the  cost  of  this  metal  chiefly  determines  the  price  of  the 
aluminium,  technical  chemists  have  devoted  their  best  energies  to 
the  perfection  and  simplification  of  methods  for  its  production,  and 
the  success  which  has  culminated  in  the  admirable  Castner  process 
constitutes  one  of  the  most  interesting  of  rocent  illustrations  of 
the  progpress  made  in  technical  chemistry,  consequent  upon  the 
happy  blending  of  chemical  with  mechanical  science,  tlirough  the 
labours  of  the  chemical  engineer. 

Those  who,  like  myseS,  remember  how,  between  40  and  50 
years  ago,  a  few  grains  of  sodium  and  potassium  were  treasured 
up  by  the  chemist,  and  used  with  parsimoniuscare  in  an  occasional 
lecturo  experiment,  cannot  tire  of  feasting  their  eyes  on  the  stores 
of  sodium  ingots  to  be  seen  at  Oldbury  as  the  results  of  a  rapidly 
and  dexterously  executed  series  of  chemical  and  mechanical 
operations. 

The  reduction  which  has  been  effected  in  the  cost  of  production 
of  aluminium  through  this  and  other  processes,  and  which  has 
certainly  not  yet  reached  its  limit,  can  scarcely  fail  to  lead  to 
applications  of  the  valuable  chemical  and  physical  properties  of 
tnis  metal  so  widespread  as  to  render  it  as  indispensable  in  indus- 
tries and  the  purposes  of  diuly  life  as  tJiose  well-known  metals 
which  may  be  termed  domestic,  even  although,  and,  indeed,  for 
the  very  reason  that,  its  association  with  many  of  these,  in  small 
proportion  only,  may  suffice  to  enhance  their  ^uluable  properties 
or  to  impart  to  them  novel  charactoristics. 

The  Swedish  metallurgist,  Wittenstrom,  appears  to  have  been 
the  first  to  observe  that  tlie  addition  of  small  quantities  of 
aluminium  to  fused  steel  and  malleable  iron  had  the  effect  of 
ronderins  them  more  fiuid,  and,  by  thus  facilitating  the  escape  of 
entangled  gases,  of  ensuring  the  production  of  sound  castings 
without  any  prejudicial  effect  upon  the  quality  of  the  metal.  The 
excellence  of  the  so-called  Mitis  castings,  produced  in  this  way, 
appears  thoroughly  established,  and  the  results  of  recent 
important  experiments  seem  to  be  opening  up  a  field  for  the 
extensive  employment  of  iJuminium  in  this  direction,  provided  its 
cost  becomes  sufficiently  reduced.  The  valuable  scientinc  and  prac- 
tical experiments  of  W.  J.  Keep,  James  Riley,  R.  Hadfield,  Stead, 
and  other  talented  workers  in  this  country  and  the  United  States, 
are  rapidly  extending  our  knowledge  in  regard  to  the  real  efiects 
of  aluminium  upon  steel  and  their  causes.  Thus,  it  appears  to  be 
already  establisned  that  the  modifications  in  some  of  the  physical 
properties  of  steel  resulting  from  the  addition  of  that  metid,  are 
not  merely  ascribable  to  its  actual  entrance  into  the  composition  of 
the  steel,  but  are  due,  in  part,  to  the  deoxidation  by  aluminium 
of  some  proportion  of  iron  oxide  which  exists  distributed  through 
the  metal,  and  prejudicially  affects  its  fluidity  when  melted.  In 
the  lattor  respect,  therefore,  the  influence  exerted  by  aluminium, 
when  introduced  in  small  proportions  into  malleable  iron  and  steel, 
appears  to  be  quite  analogue  to  that  of  phosphorus,  silicium,  or  lead 
when  these  are  added  m  small  proportions  to  copper  and  certain 
of  its  alloys,  the  deoxidation  of  which,  through  the  agency  of 
those  substances,  results  in  the  production  of  sound  castings  of 
increased  strength  and  uniformity.  It  is  only  when  present  in  small 
proportion  in  the  finished  steel,  that  aluminium  increases  the 
breaking  strain  and  elastic  limit  of  the  product. 

The  influence  of  aluminium,  when  used  in  small  proportion,  upon 
the  properties  of  grey  and  whito  cast  iron,  is  also  of  considerable 
interest,  especially  its  effect  in  promoting  the  production  of  sound 
castings,  and  of  modifying  the  character  of  white  iron  in  a  similar 
manner  to  silicium,  causing  the  carbon  to  be  separated  in  the 
graphitic  form ;  with  this  difference — ^that  the  caroon  appears  to 
be  held  in  solution  until  the  moment  of  setting  of  the  liquid  metal, 
when  it  is  instantaneously  liberated,  with  the  result  that  the 
structure  of  the  cast  metel  and  distribution  of  the  graphite  are 
perfectly  uniform  throughout. 

The  probable  beneficial  connection  of  aluminium  with  the 
industries  of  iron  and  steel  naturally  directs  attention  to  the 
great  practical    importanoe»   in  the  same  direction,  which  has 
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already  been  aoqaired,  and  promisea  to  be  in  increasing  meaanre 
attained,  hj  certain  other  metala  which,  for  long  periods  suc- 
ceeding theur  discovery,  have  either  been  only  of  purely  scientific 
interest  and  importance,  or  have  acquired  practical  value  in  regard 
to  their  positions  in  a  few  directions  quite  unconnected  with 
metallurgy.  Thus,  great  interest  attaches  to  the  influence  of  the 
metals  maneaneae,  chromium,  and  tungsten  upon  the  physical 
properties  of  steel  and  iron. 

The  name  of  Mushet  is  most  prominently  associated  with  the 
history  of  manganese  in  its  relations  to  iron  and  steel.  Half  a 
century  ago  David  Mushet  oarried  out  very  instructive  experi- 
ments on  Uie  influence  exerted  upon  the  properties  of  steel  by  the 
presence  of  manganese ;  and  to  Robert  Mushet  we  owe  the  invalu- 
able experiment  leading  to  his  suggestion  to  use  manganese  in 
the  proauction  of  steel  by  the  Bessemer  process,  which  at  once 
smoothed  the  path  to  the  marvellously  rapid  and  extensive  develop- 
ment of  the  applications  of  steel  produced  by  that  classic  meUiod, 
and  subsequently  by  the  open-hearth  or  Siemens-Martin  process — 
a  development  whicn  has  recently  received  its  crowning  illustra- 
tion in  tne  completion  of  one  of  the  grandest  of  existing  triumphs 
of  eneineering  science  and  constructive  skill— the  Forth  Bridge. 

Robert  Hadneld  has  recently  contributed  importantly  to  our  know- 
ledge of  the  relations  of  manganese  to  iron.  His  systematic  study 
of  the  subject  has  revealed  some  very  remarkable  variations  hi  the 
physical  properties  of  so-called  manganese  steel,  according  to  the 
proportions  of  manganese  which  it  contains.  Thus,  while  the 
existence  in  steel  of  proportions  ranging  from  0*1  up  to  about  275 
per  cent,  improves  its  strength  and  maUeability,  it  oeoomes  brittle 
if  that  limit  is  exceeded,  the  extreme  of  brittleness  being  obtained 
with  between  4  and  5  per  cent,  of  manganese.  If,  however,  the 
percentage  is  increased  to  not  less  than  7  and  up  to  20,  allovs  of 
remarkable  strength  and  toughness  are  obtained.  Castings  of  high 
manganese  steel,  such  as  wheel  tyres,  combine  remarkable  baro- 
ness with  toughness.  Even  if  the  proportion  of  manganese  is  as 
high  as  20  per  cent,  in  a  steel  containing  2  per  cent,  of  carbon,  it 
can  be  forged,  whereas  it  is  very  difficult  to  fox^e  a  steel  of 
ordinary  composition  containing  as  much  as  2 '75  per  cent,  of 
carbon. 

Another  remarkable  peculiarity  of  the  high  manganese 
steel  is  its  behaviour  when  quenched  in  water.  Instead  of  the 
heated  metal  being  hardened  and  rendered  brittle  by  the  sudden 
cooling,  like  carbon  steel,  its  tensile  strength  and  its  toughness  are 
increased,  so  that  water-quenching  is  reaU^  a  toughening  process, 
as  applied  to  the  manganese  alloy,  and  an  interesting  feature  con- 
nectiBd  with  this  is  that  the  colder  the  bath  into  which  the  highly- 
heated  metal  is  plunged  the  tougher  is  the  product.  The  curious 
effect  of  manganese  in  reducing,  and  even  destroying,  the  niag- 
netic  properties  of  iron  was  alrmdy  noticed  by  Rinman  nearly  120 
years  ago ;  one  result  of  Hadfield's  important  labours  has  been  to 
^aoe  in  the  hands  of  such  eminent  physicists  as  Thomson,  John 
Hopkinson,  and  Reinold,  materials  for  the  attcdnment  of  most 
interesting  information  respecting  the  electrical  and  other  physical 
characteristics  of  manganese  steeL  Hopkinson,  from  experiments 
with  a  sample  of  steel  containing  12  per  cent,  of  manganese,  esti- 
mated that  not  more  than  nine  out  of  the  86  per  cent,  of  the  iron 
composing  the  mass  was  magnetic,  and  he  considered  that  the 
manganese  enters  into  that  which  must,  for  nuuB^etic  purposes,  be 
regarded  as  the  molecule  of  iron,  completely  c&nging  its  proper- 
ties, a  fact  which  must  have  great  signincanoe  in  any  theory 
regarding  the  nature  of  magnetisation.  The  great  hardness  of 
manganese  steel,  and  the  consequent  difficulty  of  dealing  with  it 
by  means  of  cutting  tools,  constitute  at  present  the  chief  impedi- 
ments to  its  techni«d  applications  in  many  directions ;  but  where 
great  accuracy  of  dimensions  is  not  required,  and  where  great 
strength  is  an  essential,  it  is  already  put  to  valuable  uses. 

The  importance  of  man^nese  in  connection  with  the  metallurgy 
of  iron  and  steel  is  in  a  fair  way  of  finding  its  rival  in  that  of  tne 
metal  chromium,  the  employment  of  whicn,  as  an  alloy  with  steel, 
was  first  made  the  subject  of  experiment  in  1821  by  Mrthier,  who 
was  led  by  the  important  experiments  of  Faraday  and  Stoddart, 
then  just  published,  to  endeavour  to  alloy  chromium  with  steel, 
and  obtained  good  results  by  fusing  steel  together  with  a  rich  alloy 
of  chromium  and  iron,  so  as  to  introduce  about  15  per  cent,  ol  the 
former  into  the  metaL  Further  small  experiments  were  made  the 
year  following  by  Faraday  and  Stoddart  in  the  same  [direction ; 
but  chrome  steel  appears  to  have  been  first  produced  commeroially 
at  Brooklyn,  N.Y.,  16  years  ago.  Ten  years  later  its  manu- 
facture had  become  developed  in  France,  and  the  varieties  of 
chrome  steel  produced  in  the  Loire  district  now  receive  important 
and  continuaUy-extending  applications  on  account  of  their  com- 
bining comparative  hardness  with  high  tenacity,  and  only  little 
loss  in  ductility,  and  of  their  acquiring  great  closeness  of  structure 
when  tempered. 

The  influence  of  chromium  upon  the  character  of  steel  differs  in 
several  marked  respects  from  that  exercised  by  manganese.  Thus 
chrome  steels  weld  badly  or  not  at  all,  whereas  manganese  steels 
weld  very  readily,  and  work  under  the  hammer  oetter  than 
ordinary  carbon  steeL  Again,  the  remarkable  influence  of  man- 
ganese upon  the  magnetic  properties  of  steel  and  iron  is  not  shared 
b^  chromium.  Chrome  steiol  nas  for  some  time  been  a  formidable 
rival  of  the  very  highest  qualities  of  carbon  steel  produoed  for 
cutting  tools,  and  ot  the  valuable  tunesten  steel  which  we  owe  to 
Robert  Mushet.  The  great  hardness,  nigh  tenacity,  and  exceeding 
closeness  of  structure  possessed  by  suitably-tenipered  steel  con- 
taining not  more  than  from  1  to  1*5  per  cent,  of  chromium,  and 
from  0*8  to  1  per  cent,  of  carbon,  renders  tiiis  material  invaluable 
for  war  purposes :  cast  projectiles,  when  suitably  tempered,  have 
penetrated  compound  steel  and  iron  plates  over  9in.  in  thickness, 
such  as  are  used  upon  armoured  ships  of  war,  without  even 
sustaining  any  important  change  of  form.    The  proper  tempering 


of  these  projectiles  necessitates  their  being  (Nfoduced  hollow  ;  tib 
cavities  or  chambers  are  only  of  small  capacity,  but  thec^^  of 
violent  explosive  which  they  can  contam,  and  which'^HKe  set 
into  action  without  the  intervention  of  fuse  or  denotaUne  appli- 
ance,   suffices   to   tear   these  formidable   punching  tools   into 
fragments  as  they  force  their  way  irresistibly  through  the  armoured 
side  of  a  ship,  and  to  violently  project  those  fragments  in  all 
directions,  with  fearfully  destructive  effects.    The  employment  of 
chromium  as  a  constituent  of  steel  plates  used  for  the  protection 
of  ships  of  war  is  already  being  entered  upon,  and  the  influence 
exerted  by  the  presence  of  that  metal  in  small  quantities  in  steel 
employed  in  the  construction  of  gnns  is  also  at  present  a  subject 
of  mvestigation.    At  Crewe,  Mr.  F.  Webb  has  for  some  past  used 
chromium,  witib  considerable  advantage,  in  the  prodncUon  of  high 
quality  steels  for  railway  requirements. 

The  practical  results  attained  by  the  introduction  of  copper  and 
of  nickel  as  components  of  steel  have  also  recently  attracted  xnuch 
attention.  At  tne  celebrated  French  steel  works  of  M.  Sdineider, 
at  Creuzot,  the  addition  of  a  small  percentage  of  copper  to  steel 
used  for  armour-pliutes  and  projectiles  is  practised,  with  the  object 
of  imparting  hutlness  to  the  metal  without  prejudice  to  its 
toughness.  James  Ril^  has  found  that  the  presence  of  aluminium 
in  very  small  quantities  facilitates  the  union  of  steel  with  a  small 
proportion  of  copper,  and  that  the  latter  increases  the  strength,  but 
does  not  improve  the  working  qualities  of  steel.  With  nickel, 
Riley  has  obtained  products  a^ogous  in  many  important  respects 
to  manganese  steel ;  the  remarkable  dififorences  In  the  physiiad 
properties  of  the  maneanese  aUojrs,  aooordinff  to  their  rionness  in 
that  metal,  are  also  Siared  by  the  nickel  aOoys,  some  of  these 
being  possessed  of  very  valuable  properties.  Thus,  it  has  been 
shown  by  Rilev  that  a  particular  variety  of  nickel  steel  presents  to 
the  engineer  the  means  of  nearly  doublmg  boiler  pressures  without 
increasing  weight  or  dimensions.  He  mis,  moreover,  found  the 
co-existence  of  manganese  in  small  quantity  with  nickel  in  the 
alloy  to  contribute  importantly  to  the  development  of  valuable 
physical  properties. 

The  careful  study  of  the  alloys  of  aluminium,  chromium,  man- 
ganese, tungsten,  copper,  and  nickel,  with  iron  and  with  steel,  so 
far  as  it  has  been  earned,  with  especial  reference  to  the  influence 
which  they  respectively  exeroise  upon  the  salient  physical  proper- 
ties of  those  materials,  even  when  present  in  them  in  only  very 
small  proportions,  has  demonstrated  the  importance  of  a  more 
searohmg  or  complete  application  of  chemical  analysis  than 
hitherto  practised  to  the  determination  of  the  composition  of  the 
varieties  of  steel  which  practical  experience  has  shown  to  be 
peculiarly  adapted  to  particular  uses.  It  appears,  indeed,  not 
improbable  that  certain  properties  of  these,  which  have  been 
ascribed  to  slight  variations  in  the  proportion  or  the  condition  of 
the  constituent  carbon,  or  in  the  amounts  of  silidum,  phosphorus, 
and  manganese  whidi  they  contain,  may  sometimes  have  been  due 
to  the  presence  in  minute  quantities  of  one  or  other  of  such 
metals  as  those  named,  and  to  the  effscts  which  they  produce, 
either  directly  or  indirectly,  by  modifying  or  counteracting  the 
effects  of  the  normal  consUtuents  of  steel.  The  important  part 
now  played  by  manganese  in  steel  manufacture  is  an  illustration 
of  the  comparatively  recent  results  of  research,  and  of  practical 
work  based  on  reeeareh,  in  these  directions,  and  the  effects  of  the 
presence  in  steel  of  only  very  small  quantities  of  some  of  the 
other  metals  named  are  already,  as  I  nave  pointed  out,  being 
similarly  understood  and  utilised. 

(To  be  conHmi^i,) 
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BRUSH  ELECTRICAL  ENGINEERING  COMPANY,  LIMITED. 

DiBEOTOBS. 

The  Right  Hon.  Lord  Thurlow,  F.R.S.,  chairman. 

J.  S.  Sellon,  Esq.  (of  Messrs.  Johnson,  Matthey,  and  Ga),  vice* 

chairman. 
J.  B.  Bndthwaite,  Esq.,  jun.  (of  Messrs.Foster  and  Braithwaite). 
His  Grace  the  Duke  of  Marlborough. 
Aymor  H.  Sanderson,  Esq.  (Late  IMrector  Falcon  Engine  and  Car 

Works,  Limited). 
Colonel  Frederick  George  Steuart. 
B.  H.  Van  Tromjp,  Esq.  (late  Chairman  Australasian  Electric  Light 

and  Power  Co.,  Limited). 
Edward   Woods,    Esq.    (Past    President   Institution    of    Civil 

Engineers). 

Manager  and  Sbcbstabt. 
E.  Garcke. 

First  annual  report  to  be  presented  to  the  shareholders  at  the 
general  meeting  to  be  held  at  Cannon-street  Hotel,  E.C.>  on  th« 
8th  September,  1890,  at  12  o'clock. 

The  Directors  beg  to  submit  the  balance-sheet  and  profit  and 
loss  account,  made  up  to  9(Hih  June  last.  The  Company  was 
registered  on  the  10th  August,  1889,  and  the  business  of  Uie  Anelo- 
American  Brush  Electric  Liffht  Corporation,  Limited,  was  taken 
over  as  from  the  1st  August,  1889,  and  that  of  the  Falcon  Engine 
and  Car  Works,  Llmitwl,  as  from  the  14th  June,  1889,  and  the 
accounts  made  up  to  the  dOth  June  last  are  for  ^e  periods 
embraced  by  these  dates.  The  arrangements  for  carrying  on  the 
business  of  the  Australasian  Electric  Light  and  Power  Company, 
Limited,  were  not  completed  until  much  later,  and  the  aocom- 
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panj^lng  aoooonts  do  not  indade  any  return  of  bnsineas  efifeoted 
by  the  Australasian  branch.    The  profit  and  loss  account  shows  a 
f^roes  profit  of  £36,698.  168.|  and  after  deducting  all  standing 
charges,  maintenance  of  plant  and  buildings,  and  interest  on 
debentures,  there  remains  a  balance  of  £14,235.  6s.  Id.    It  is  pro- 
posed to  apply  £625  to  reduction  of  preliminary  expenses,  £500  to 
reduction  of  provisional  orders  account,  and  £3,000  to  reduction 
of  property,  patents,  and  goodwill  account  to  meet  depreciation 
under  these  heads.     The  net  balance   of   £10,426.   Ids.   3d.   is 
available    for     dividends.      An     interim .  dividend,    absorbing 
£3,808.  66.  lOd.,  has  already  been  paid  upon  the  preference  shares 
for  the  six  months  from  10th  August  to  10th  February  last,  and  it 
is  proposed  to  apply  £3,505.  4s.  6d.  to  the  payment  of  a  further 
dividend  upon  these  shares,  making  up  the  f uU  preferential  divi- 
dend  at  the  rate  of  6  per  cent,  per  annum  from  the  date  of 
registration  of  Company  to   30th  June,   1890.     The  Directors 
reoommend  that  the  balance  of  £2,796.  14s.  9d.  be  carried  forward 
to  next  account.    The  temporary  interruption  to  business  caused 
by  the  amalgamations  with  other  companies  and  extensions  of 
works  has  to  some  extent  adversely  affected  the  profit  and  loss 
account,  and  as  several  months  had  necessarily  to  elapse  before 
the  new  works  at  Loughborough  could  be  completed,  the  advan- 
tages of  the  lower  cost  of  production  at  the  country  works  were 
not  obtained  in  regard  to  a  large  proportion  of  the  orders  executed. 
In  view  of  all  these  circumstances,  the  Directors  consider  the 
result  of  the  year's  working  as  encouraging.    The  Falcon  Works  at 
Loughborough  have  been  considerably  en&rged  during  the  year  at 
an  expenditure  of  about  £20,000,  and  the  extension  of  tho>e  works 
enables  the  Company  to  manufacture  at  a  materially  reduced  cost 
engines,  boilers,  cars,  and  electrical  machinery  of  practically  every 
description  and  size.    The  Directors  are  of  opmion  that  this  money 
has  beisn  well  spent,  and  they  anticipate  good  results  in  the  future 
from  the  erection  of  these  works.    It  affords  the  Directors  much 
Botififaction  to  state  that  the  Bill  confirming  the  provisional  order 
for  lighting  the  central  division  of  the  City  of  London  has  been 
passed  by  Parliament.    The  agreement  with  the  Commissioners  of 
Sewers  of  the  City  of  London  provides  that  the  work  for  the  pur- 
pose of  public  lighting  shall  be  commenced  within  nine  months 
from  the  21st  May  last,  and  the  Directors  are  making  the  necessary 
preparations  for  giving  effect  to  this  condition.     The  Company 
has  also  obtained  a  provisional  order  for  Bournemouth,  where  a 
central  electric  light  station   has  already  been  erected,  which 
promises  to  yield  very  satisfactory  returns.     The  Directors  have 
applied  to  the  Board  of  Trade  for  provisional  orders  for  several 
other  towns  in  the  United  Kingdom  where  the  Company  has 
interests  to  protect.     The   Austro-Hungarian    businesses    have 
develo{)ed  in  a  satisfactory  manner,  and  the  Vienna  factory  shows 
improving  results  both  as  to  volume  of  trade  and  as  to  net  profit. 
The  necessity  for  providing  additional  fietctory  accommodation  in 
Vienna  has  now  arisen,  and  the  Directors  are  concluding  negotia- 
tions for  the  acquisition  of  some  freehold  land  and   Duilaings 
adjoining  the  present  works.    They  have  also  under  consideration 
rax>posalB  for  a  rearrangement  of  the  Company's  interests  in  the 
Vienna  business.    The  Directors   have,   with  the  assistance  of 
Captain  Rowan,  late  general  manager  of  the  Australasian  Com- 
pany, fully  examined  into  the  character  of  the  business  acquired 
from  that  company,  and  have  made  arrangements  for  the  proper 
development  oz  the  Company's  valuable  patents  and  organisation 
in  tiie  colonies.    Messrs.  Cooper  Brothers  and  Co. ,  the  auditors, 
offer  themselves  for  re-election. 

Balance-sheet,  30th  June,  1890. 

I>r.  £        4.   d.         £       s.   d. 

To  authorised  capital 750,000    0    0 

To  capital  issued — viz. : 
68,996   6   per   cent,  preference 

shares  of  £2  each 137,992    0    0 

76,978  ordinary  shares  of  £3  each    230,934    0    0 

368,926    0    0 

Less  calls  in  arrear  256  10    0 

368,669  10    0 

To  6  per  cent,  mortgage  debentures    75,000    0    0 

To  creditors — 

Loans  and  sundry  creditors  67,358  14    1 

Bills  payable 1,777    4    4 

69,135  18    5 

To  balance  of  profit  and  loss  account      14,235    6    1 
Less  interim  dividend   paid  on 

preference  shares 3,808    6  10 

10,426  19    3 

£523,232    7    8 

Cr.  £        8.   d.         £       s.   d. 

By  property,  patents,  and  goodwill — 

For  viJue  of  plant,  freehold  and  leasehold  land 
and  buildings  at  Loughborough,  in  Leicester- 
shire, at  Lambeth,  Borough-road,  and  Ham- 
mersmith in  London,  at  Edinburgh,  Cardiff, 
Glasgow,  Manchester  and  Bournemouth,  and 
of  oentnd  station  at  Temesvar,  of  business  of 
Kremensky,  Mayer  and  Co.,  Vienna,  and  of 
English,  foreign,  and  colonial  Brush,  ESdison 
ana  other  patents,  and  of  goodwill  of  the 
Anglo-American  Brush  Electric  light  Cor- 
poration, ^e  Falcon  Engine  and  Car  Works, 
limited,  and  the  Austrtdasian  Electric  Light 
and  Power  Company.    (See  report).    297,400    8  10 


£       8.  d. 

Brought  forward 297,400    8  10 

By  stock — 
Goods  in  hand  in  process  of  manufacture  and 
materials  at  London,  Loughborough,  and  other 

places  84,468    6    6 

By  debtors — 
Sundry  accounts  (after  provision 

for  doubtful  debts)    80,495  17    3 

Bills  receivable  5.277  15    3 

85,773  12    6 

By  cash  at  bankers  on  deposit  and 

in  hand., 29,649    2    0 

Deposit  under  City  contract  1 ,000    0    0 

80,649    2    0 

By  shares  and  debentures  in  other  companies  (at 

cost  values) 11,534    0    0 

By  provisional  orders  account — 
Amount  spent  on  provisional  orders  secured  and 

applied  for 1,540    6    1 

By  preliminary  expenses 1,886  15    8 

By  liquidators' balances  and  suspense  accounts  ...        9,979  16    1 

£523,232    7    8 
Afpbopbiation  Aooount. 

• 

Dr.  £     s.   d. 

To  further  dividend  on  preference  shares 3, 505    4    6 

„  Reduction  of  property  account  3,000    0    0 

do.       of  preliminary  expenses 625    0    0 

do.       of  provisional  orders  account  500    0    0 


}i 


>} 


„  Balance  carried  forward  2,796  14    9 

£10,426  19  3 

Cr.  £      s.   d. 

By  balance   10,426  19    3 

£10,426  19    3 

Profit  and  Loss  Account  from  Date  of  Registration  of  Company 
(10th  August,  1889)  to  30rH  June,  1890. 

Dr.  £      s.   d.         £       s.   d. 

To  general  charges^viz. : 

Directors' fees  1,750    0    0 

Auditors' fees   62  10    0 

Salaries  8,088    6    7 

Lawcharges - 438    7    0 

Insurance  «...       857    0    2 

Postage,  stationery,  and  printing  1,368  0  4 
Travelling,  carriage,  and  freight  828  10  1 
Advertising  agency  and  sundries    2,620    5    8 

16,002  19  10 

To  maintenance  of  plant  and  buildings 2,559  12    5 

„  do.  of  patents 738  12    3 

„  Interest  on  debentures  to  30th  June,  1890  3,162    5    5 

,,  Balance,  being  net  profit 14,235    6    1 

£36,698  16    0 

Cr.  £       s.   d« 

By  gross  profit «.-    36,698  16    0 

£36,698  16    0 


NEW  COMPANIES  REGISTERED. 


lAinp  Mannflifltnring  Coanpanyf  Limited. — This  Company  was 
registered  last  Tuesday,  with  a  capital  of  £16,000,  divided  into 
1,000  preference  shares  of  £10  each,  and  3,000  ordinary  and  3,000 
deferred  shares  of  £1  each,  to  adopt  an  agreement  with  the 
Ridsdale  Railway  Lamp  and  Lighting  Company,  Limited,  and  its 
liquidator,  Mr.  Edward  Cecil  Moore,  to  manufacture  lamps  of  all 
kinds,  and  apparatus  for  the  consumption  and  supply  of  gas,  oil, 
and  electricity ;  to  carry  on  business  as  mechanical,  gas,  and 
electrical  engiueers ;  and  to  produce  and  supply  gas,  oil,  elec- 
tricity, or  electrical  currents  or  force,  for  lignt,  heat,  or  motive 
power. 

6liegeld  Telaplioiie  Xziduuige  and  Xleotrlis  iAgbt  GomiMuiy, 

Limited.— Registered  by  J.  B.  Roberts,  12,  Coleman-street,  E.C., 
with  a  capital  of  £100,000  in  £10  shares.  Object :  to  acquire  the 
undertaking  of  the  Sheffield  Telephone  Exchange  and  Electric 
Light  Company,  Limited  (incorporated  September  11,  1888),  and 
to  carry  on  in  the  United  Kingdom  or  abroad  all  or  any  of  the 
businesses  of  forming,  establishing,  and  conducting  telephonic  and 
electric  exchanges  or  centres,  and  of  dealers  in  and  leasingor 
letting  of  telephones  and  telephonic  apparatus  and  wires.  The 
first  subscribers  are : 

Shares. 

J.  Tasker,  Crookes  House,  Sheffield    

G.  Senior,  Mushroom  Hall,  Sheffield  

G.  Franklin,  Claremont,  Sheffield    

W.  Johnson,  Albany-road,  Sheffield 

T.  G.  Shuttleworth,  Sharrow  Mount,  Sheffield    

R.  C.  Tasker,  23,  Tapton-villas,  Sheffield 

W.  Tasker,  1,  Parkes-road,  Sheffield 

There  shall  not  be  less  than  three  nor  more  than  six  Directors. 
The  first  are  John  Tasker  (chairman),  Joseph  Gamble,  Georgo 
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Senior,  Qeorge  Franklin,  and  William  Tasker.  Qualification,  20 
shares.    Bemoneration,  £300,  divisible. 

WeefettTB  BaQwrny  CoinpMijr  off  Mexloo,  Limited.  —Registered 
by  Biroham  and  Co.,  50,  Old  Broad-street,  E.C.,  with  a  capital  of 
i^l,000  in  £10  shares.  Object :  to  oonstmot,  equip,  and  work 
railways  and  tramways,  and  to  carry  on  the  business  at  railway 
and  tramway  proprietors  and  carriers  in  Mexico  and  elsewhere, 
and  further  toe  purchase  of  the  railway  between  the  Port  of 
Altata  and  the  City  of  Culiachan,  Mexico,  and  all  other  the  fran- 
chises, concessions,  and  rights,  lands,  rights  of  way,  telegraphs 
and  telephones,  with  their  rolling  stock,  plant,  and  accessories  of 
every  description.    The  first  subeoribers  are  : 

Shares. 

W.  J.  Longhurst,  20,  Abchurch-hme 1 

T.  S.  H.t>rake,  1.  St.  James's-street,  S.W 1 

h,  Du  Cane,  25,  Park-crescent,  W 1 

T.  0.  Chapman,  The  Chestwich,  Finchley    1 

M.  Eberstah,  23,  Bentinck-st.,  Manchester-square,  W.    1 

L.  G.  Mortimer,  1,  Gresham  House 1 

T.  Carmichael,  72,  Baddiffs-square,  S.W 1 

There  shall  not  be  less  than  three  nor  more  than  11  Directors. 
Qualification,  £500.  The  first  are  William  Biodrick  Cloete,  WU- 
liam  Sheph€^,  and  Sebastian  Camaoho.  Bemuneration,  until 
otherwise  resolved  in  general  meeting,  £250,  multiplied  by  the 
number  of  Directors  for  the  time  being,  the  same  to  be  divisible 
as  they  may  determine. 


PROVISIONAL  PATENTS,  1890. 


August  25. 

3319.  Imiwetieuente  In  eleeferle  MUe  and  moton.     Joseph 

Townley,  877,  Old  Kent-road,  London. 
3337.  XmprovemflBte  la  eieetiioal  oeataets.    George   Forbes, 

34,  Great  George-street,  Westminster,  London. 

3344.  Improvements  in  gnlTnaio  batterlea.  Herbert  John 
Allison,  52,  Chancery-lane,  London.  (Philip  Hathaway, 
United  States.)    (Complete  specification.) 

3357.  Improvementa  in  eleotromofeon.  Alexander  Siemens,  28, 
Southampton-buildings,  London. 

3358.  Zmproremente  in  tlia  umum  Wn  driving  windlMennd 
otlMr  winding  maebinerj  hy  eieetrleal  motem.  Alexan- 
der Siemens,  28,  Southampton-buildings,  London. 

3359.  Improred  menaa  tor  ofunjiag  eleotroBiotoni  on  eiaeCri- 
eally-propeiled  eara  or  viliialea.  Siemens  Bros,  and  Co., 
Limited,  28,  Southampton-buildings,  Ix)ndon.  (Siemens 
and  Ha]ake,  Germany) 

3362.  Zmprovementa  In  antoaiatte  MEegraplw.  Edmund 
Edwards,  35,  Southampton-buildings,  London.  (Eduard 
Cassalette  and  David  Kunhardt,  Germany.) 

3371*  ImproveaMnta  in  eleotrio  IMlla  and  indioaters.  Henry 
Jukaon  Harris  and  Willoughby  Hamilton  Power,  21,  Cock- 
spur-street,  London. 

August  26. 

3410.  DnproreBMnta  relating  to  eleotrio  aeaiapliorea.  Frede- 
rick Stiteel,  Charles  Weinedel,  John  Henry  Egelhoff,  Moees 
Schwartz,  Adolf  Beutlinger,  and  Jaoob  Krieger,  18,  Buck- 
ingham-street, Strand,  linden.    (Complete  specification.) 

3419.  mprorementa  in  or  relating  to  liendlag  flat  eieotrotype 
platea  to  a  trna  elrealar  fiorm,  and  in  apparataa  tlierellBr. 

William  Phillips  Thompson,  6,  Lord-street,  Liverpool.  (The 
Curved  Electrotype  Company,  United  States.)  (Complete 
specification.) 

3421.  Improveaienta  in  apparataa  for  working  or  welding 
metala  eleetrioally,  and  in  tbe  UMtbod  of  efRMting  tlie 
aame.  William  Phillips  Thompson,  6,  Lord-street,  Liver- 
pool.   (CTharles  Lewis  Coffin,  United  States.) 

3434.  The  DaTtoa  improved  elaetrio  Oloek.  Samuel  John 
Daviee,  121,  Dynevor-road,  Stoke  Newington,  London. 

AuouBT  27. 

3463.  Improvemanta  In  and  oonneefted  with  ilnoa  for  galTaalo 
batteriea.    Joseph  Moeeley,  70,  Market-street,  Manchester. 

3485.  DnproTemento  in  flttlnga  for  eleotrio  glow  lamp  oondno* 
ten.  William  White,  28,  Southampton-buikUngs,  London. 
(Complete  specification.) 

3491;  Improrementa  relating  to  Oleetrie  belte,  and  to  appara- 
taa for  use  in  oonneotlon  tiMrewith.  Cornelius  Bennett 
Harness,  45,  Southampton-buildings,  London. 

AuousT  28. 

3522.  ImproTenienta  in  InatnM—nta  fw  Indieatlng  or  raglatar^ 
ing  the  atate  of  the  idiarga  in  aooamvlatera.  Gaston 
Boux,  5,  Villas  de  Couronnes,  Bue  Chaasy,  Asniiree  (Seine), 
France. 

3525.  ImproTomenia  in  eleetrleltir  matara  flsr  alternating  or 
tntermpted  onrrento.  George  Hookham^  7,  New  Bartholo- 
mew-street, Birmingham. 

3535.  ImproTomeate  in  eleotrieal  alama,  Noroliffe  George 
Thompson  and  George  Henry  Bew,  13,  Victoria-street, 
London. 

3549.  finproTOflunta  in  aad  relating  to  oenvertera  of  alter* 
anting  evrrenta.  Bankin  Kennedy,  10,  India-street,  Kil* 
mamook.    (Complete  specification.) 


13557.  laqproirinMBle  in 


TheroB  Solymaa 


specification.) 

18570.  Improv«moBtainandreiatlagto._^ 

Bemhard  Egger,  45,  Southampton-buildings,  London. 

August  29. 

13619.  iBiprovamanta  relating  to  magnato-eiaetrie 

far  traction  pnrpsesa.    Alexander  Login  Lineff,  6,  Bream's- 
buildings,  London. 

August  30. 

13635.  ImprovmnantB  in  or  appertaining  to  elaetria  welding. 
William  Phillin  Thompson,  6,  Lord-stveet,  LiverpooL 
(Charies  Lewis  Coffin,  United  States.)  (Complete  specifica- 
tion.) 

13636.  iBwrovamaate  in  «laotrle  waldlng.  William  PhiUspe 
Thompson,  6,  Lord-street,  LiverpooL  (Charlss  Lewis  Coffin, 
Unitea  States.)    (Complete  specification.) 

13683.  improroBMnta  in  eiaotrio  awitOhea.  Otto  Bomanze  and 
Frederick  William  White,  4,  South-street,  Finsbury,  London. 

13699.  Improvenanto  in  eleotrio  MUa  or  goaga.  Frederick 
Herbert  Beny,  186,  Fleet-street,  London. 


SPEOIFIOATIONS  PUBLISHED. 

1889. 

,  ete.    Houghton.    6d. 


12389. 

13154.  Conatmotlag  elaetrleal  eella.    Mather  and  Snmpoer.    6d. 

15567.  FtoptfUng  vehielaa  hir  alaetrlolly.    Kinoaid  and  others. 

4d. 
19080.  Beoandary,  ale.,  hatterlea.    Chesswright.    6d. 

1890. 

3731.  fleeonaary  hatterlaa.    The  Mining  and  Oeneral  Electric 
Lamp  Company,  Limited,  and  Fitsgerald.    4d. 

8777.  Baetrlo  call  holla.    Lake  (Hathaway).    8d. 

10181.  Seoondary  hatteriea.    Foote.    8d. 

10515.  aiaotrleal  batteriea.    Jarman.    6d. 

10564.  Printing  toiegrapha.    Scott.    6d. 


CITT   NOTES. 


Weat  Ooaat  of  Amerloa  Telegraph  Oonpany.— The  reoeipU 
for  August  were  £4,950. 

Direet  Bpaniih  Ceoq^any.— The  traffic  receipts  of  this  Company 
for  August  were  £2,075,  a|i^dnst  £1,624. 

Braaman  Snhmartna  Megraph  Ckimpanyr— The  receipts  for 
the  week  ended  August  29  amounted  to  £4,806. 

Gnba  Snhwarlne  Telegraph  Ckimpaay.— ^le  traffic  reoeipts  of 
this  Company  for  August  were  £2,900,  against  £2,815. 

Saatem  Telegraph  Ckimpany.— The  traffic  receipts  for  August 
were  £52,606,  as  against  £52,012  for  the  same  perioa  of  1889,  or  an 
^lorease  of  £594. 

Baatem  Ssteaaion  TOlagnM^  Oempawy.— The  reoeipts  for 
August  amounted  to  £46,526,  as  against  £39,469  in  the  correspond- 
ing period,  showing  an  increase  of£l,0&7» 

Weat  India  aad  PanaaM  Telegraph  Ckimpaay.— The  estimated 
reoeipts  for  the  half-month  ended  August  81  are  £2,420,  against 
£2,161.    The  May  receipts,  estimated  at  £6,398,  realised  £6,526. 

Weatem  and  Braailian  Telegraph  Ckimpaay,  Mmltad.— The 

receipts  for  the  week  ended  August  29,  after  deducting  the 
fifth  of  the  gross  receipts  pavable  to  the  London  Platino-Brasilian 
Telegraph  Company,  were  £3,772. 

Oompaniea  off  the  Month. — The  following  electrical  oompanies 
have  been  registered  during  the  past  month : 

Cordon  Electric  Traction  Syndicate,  Limited,  £10  shares  £2,400 

Nonpareil  Electrical  Svndioate,  Limited,  £10  shares 6,000 

Sheffield  Telephone  Exchange  and  Electric  Light  Com- 
pany, Limited,  £1  shares    1(X),000 

Western  Bailway  Company  of  Mexico,  Limited,  £10  shares  231,000 


COHPANIES'  STOCK  AND  SHARE  UST. 


Anglo-American  Brush 

—  Pref. 

India  Bubber,  Gutta  Pendia  k  Telegraph  Oo. 

Houae-to-Honse 

Metropolitan  Electric  Supply 

London  Eleotrio  Supply    mm.... 

Swaa  United   »*.. 

Grompton  ft  Co.,  Pref. 

National  Telephone 

Bleotrio  Ooaatniotion..* •»...». t*.»i.*. .   .i..*.**.! 
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NOTES. 

SdiBlmrg'li. — ^A  special  meeting  of  the  Edinburgh  Cor- 
poration has  been  called  for  the  7th  of  next  month  to  con- 
sider the  question  of  electric  lighting. 

Train  Ughtbig  In  Russia.— Thirty  trains  have 
recently  been  fitted  up  from  England  for  the  Bnssian 
Groyernment^  and  others  are  to  be  done. 


Grants. — ^At  the  conclusion  of  the  British  Associa- 
tion meeting  various  grants  were  made  for  scientific  pur- 
poses, among  which  was  one  of  £100  for  the  Committee  on 
Electrical  Standards. 

Automatio  Air  Pomp. — ^Dr.  Saps  has  recently 
described  before  the  Berlin  Physical  Society  an  arrange- 
ment of  Topler's  mercurial  air  pump,  by  means  of  which 
he  had  made  it  work  automatically. 

Zurich. — ^The  Municipality  of  Zurich  are  arranging 
with  the  Oorh'kon  Works  for  the  establishment  of  a  system 
of  public  and  private  lighting  of  10,000  lamps  of  16  c.p. 
and  Brockie-Pell  arc  lamps  for  the  streets. 

Uasff  System  for  Switserland.— We  understand 
that  arrangements  are  being  made  by  the  Oerlikon  Works, 
of  Zurich,  to  introduce  and  work  the  Lineff  system  of  closed- 
conduit  electric  tramway  into  Switzerland. 

Shesp-Shearinff  Machines. — With  reference  to  the 
note  on  sheep-shearing  machines,  the  judges  of  the  Sydney 
Agricultural  Society  at  the  last  trial  awarded  £50  to 
Suckling's  patent  The  same  amount  will  probably  be 
awarded  at  the  next  trial. 

Australian  Biilial  Tower. — An  Eifiel  tower  is,  accord- 
ing to  the  latest  accounts,  to  be  erected  in  Melbourne,  and 
a  company  with  a  capital  of  £100,000  has  been  formed 
to  build  it  The  electric  lighting  contract  for  this,  if  it  is 
true,  will  be  worth  looking  after. 

Central  Station  for  Bamsloy. — The  Bamsley  Town 
Council  on  Tuesday  adopted  the  recommendation  of  a  com- 
mittee that  the  town  clerk  be  directed  to  apply  to  the  Local 
(Government  Board  for  sanction  to  borrow  the  sum  of 
£23,000  required  for  electric  lighting  purposes. 

Bavaria. — ^The  town  of  Berchtesgaden  in  the  Bavarian 
Alps  will  shortly  be  lighted  by  electricity,  the  installation 
to  be  carried  out  on  the  three-wire  system  by  Messrs. 
Schuckert  and  Co.  The  motive  power  is  obtained  from  an 
existing  water  power,  in  combination  with  a  steam  plant 

Bnshlmry. — ^The  electric  manufacturing  works  of  the 
Electric  Construction  Corporation  at  Bushbury,  near 
Wolverhampton,  are  rapidly  approaching  completion, 
and  the  picturesque  village  is  destined  to  lose  its  sylvan 
aspect  by  the  erection  of  some  thousand  or  so  worbnen's 
dwellings. 

Sheeraess* — ^The  price  of  the  gas  at  Sheemess  is  £3. 2s. 
per  lamp  per  year.  A  member  told  the  Council  electric 
light  of  16  cp.  could  be  obtained  for  £2.  6s.  The  expe- 
rience of  town  lighting,  however,  is  that  they  would  not  be 
satisfied  with  16-c.p.  electric  lamps  if  they  are  with  gas  of 
the  same  power. 

Ferranti  System  in  Franee. — ^The  result  of  the 
application  for  further  shares  in  the  Oompagnie  Nationale 
de  I'Electricit^  in  France,  for  the  further  development  of 
the  Ferranti  system^  baa  been  sufSdent  to  allow  the  com- 
pany at  once  to  commence  the  proposed  work  both  in  the 
country  and  in 


Naval  Projeetors  in  Mist.— Experiments  of  the 
French  navy  has  served  to  show  that  powerful  projectors 
are  not  effective  in  warfare.  In  misty  weather  the  reflec- 
tion and  glare  served  only  to  blind  the  ship  with  their  own 
light,  and  the  torpedo-boats  approached  within  easy  distance 
and  discharged  their  torpedoes  without  being  discovered. 

Bleetrio  Trioyeles. — Mr.  W.  P.  Browne,  Chicago,  is 
about  to  place  three  or  four  tricycles,  driven  by  C.  &  C. 
motors  that  are  operated  by  storage  cells  of  the  Pumpelly 
type,  on  the  street  for  advertising  purposes.  The  indica- 
tions are  that  the  device  will  prove  profitable  from  the 
start,  and  applications  are  coming  in  from  other  cities  for 
the  use  of  machines. 

Xleetrio  Lighting  in  Brasil. — ^The  Brazilians  are 
apparently  appreciating  the  value  of  the  electric  light. 
Some  time  ago  the  Westinghouse  Company  sold  a  1,500- 
light  alternate^surrent  incandescent  plant  for  the  Brazilian 
toi^n  of  Juiz  de  Fora.  The  Juiz  de  Fora  Company  is  well 
pleased  with  its  piu^hase,  and  has  ordered  of  the  Westing- 
house  people  a  760-light  machine  to  supplement  the  present 
capacity  of  its  central  station. 

The  Telephone  in  Jaiian. — ^The  Japanese  Govern- 
ment has  taken  telephone  matters  into  its  own  hands,  and 
is  starting  an  exchange  in  Tokio,  which  will  shortly  be 
followed  by  one  in  Yokohama.  When  both  are  in 
thorough  running  order  they  are  to  be  united  by  trunk 
lines,  the  distance  between  the  two  cities  being  only  18 
miles.  The  rental  is  to  be  equal  to  £10  per  annum,  with 
a  small  additional  charge  for  use  of  the  trunk  line. 

Eleetrio  Tramway  for  Leeds. — ^At  a  meeting  of  the 
Highways  Committee  of  the  Leeds  Town  Council  on  Wed- 
nesday, Alderman  Firth  presiding,  a  letter  was  read  from 
the  Electric  Tramway  Company,  expressing  a  desire  to 
enter  into  negotiations  with  the  Corporation  for  the  running 
of  electric  tramcars  on  the  Boundhay  Paik  route.  After 
some  discussion  the  matter  was  referred  to  the  Tramways 
Sub-Committee. 

Colonred  Views, — ^The  N.T.  EkcMeal  Engineer  comes 
out  with  a  new  feature  this  'week.  It  gives  a  full-page 
illustration  of  the  Crocker- Wheel  perfected  electric  motor, 
printed  in  all  the  glories  of  colour— field  magnets  in  blue- 
grey,  the  winding,  armature»  and  terminals  in  resplendent 
yellow,  and  the  commutator  in  a  beautiful  terra-cotta.  As 
a  work  of  art  (and  advertisement)  it  is  certainly  striking, 
but  as  an  exact  representation  it  is  a  trifle  glaring.  Truly, 
their  views  are  coloured. 

Bngadine. — The  syndicate  formed  by  the  three  leading 
hotels  of  St.  Moritz,  in  the  Engadine,  for  the  introduction 
of  the  electric  light,  having  employed  an  expert,  have  had 
thetender  of  Messrs.  Stimemann  and  Wissenbach,  of  Zurich, 
recommended  to  them.  Motive  power  will  be  supplied  by 
three  Oirard  turbines  coupled  direct  to  Ganz  alternators. 
The  station  is  about  three  miles  from  the  hotels.  This 
installation  wiU  consist  at  first  of  4,000  lamps,  but  power 
is  provided  for  extension  in  the  district 

Ameriean  Sleotrio  Railways. — ^It  is  stated  that  by 
the  dose  of  the  present  year  the  electric  railway  mileage 
in  the  United  States  will  be  double  what  it  was  at  the 
close  of  last  year.  By  this  showing  there  will  be  no  insig- 
nificant measurement,  seeing  that  there  were  completed  in 
1889  very  nearly  1,900  miles  of  electric  railway.  In  the 
course  of  three  years  180  towns  have  adopted  this  system 
of  locomotion,  and  the  total  number  of  passengers  carried 
in  this  way,  last  vear,  amounted  to  ^00  mplior^^, 
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JoomaL — ^The  Journal  of  the  Institution  of  Electrical 
Engineers  has  been  issued,  containing  the  report  of  the 
meeting  of  the  Institution  at  Edinburgh,  with  Prof. 
Ayrton's  paper  on  the  "  Working  Efficiency  of  Secondary 
Cells,"  and  fuU  abstract  of  the  discussion.  It  also  contains 
the  reply  of  Mr.  K.  L.  Murray  to  the  discussion  on  his 
paper  describing  the  lighting  of  the  Melbourne  Exhibition 
with  tests;  and  also  the  description  of  a  '* Proposed 
System  of  Alarm  Wires  on  Submarine  Cables,"  by  H. 
Kingiford. 

Japanese  Ughttuff. — ^There  are,  according  to  the 
latest  figures,  over  11,000  electric  lights  in  Japan  operated 
from  central  stations,  besides  a  large  number  of  installa- 
tions, and  this  number  will  be  doubled  within  the  year. 
The  Tokio  Electric  Light  Company  has  four  stations, 
equipped  for  6,200,  2,200,  2,200,  and  2,200  lights  respec- 
tively, and  other  notable  plants  are  at  Kyoto  (2,200),  Kobe 
(2,200),  Asaka  (3,500),  and  Nagoza  (1,600).  Most  of  these 
stations  are  now  running  about  half  their  capacity,  and  are 
putting  in  new  lights  rapidly. 

Tenders  for  Dnbliii* — Some  important  electric  lighting 
contracts  are  now  becoming  open,  and  among  these  that  of 
the  city  of  Dublin  is  not  the  least  The  Corporation  have 
now  advertised  that  they  will  receive  tenders  on  or  before 
Monday,  the  13th  of  October  next,  for  the  electric  lighting 
of  the  streets.  The  parties  tendering  are  required  to  supply 
and  erect  the  whole  installation.  Specifications  and  forms 
of  tender,  with  ground  plan  and  site  of  streets,  can  be  had 
of  the  borough  surveyor,  on  the  pajrment  of  three  guineas. 
The  tenders  must  be  forwarded  to  the  Town  Clerk,  City 
HaO,  Dublin. 

Frankfort  Szhibttlon.— From  reports  that  we  receive 
of  the  efibrts  and  arrangements  that  are  being  made  for 
the  forthcoming  electrical  exhibition  at  Frankfort,  it  would 
seem  as  if  the  Oermans  were  determined  to  make  it  a  real 
and  great  success.  The  lighting  will  consist  of  about 
10,000  glow  lamps  and  1,000  arc  lamps,  and  there  will  be 
2,200  h.p.  available.  Intending  British  exhibitors  should 
notice  that  applications  for  space  from  foreign  countries  to 
this  exhibition  will  be  received  only  till  the  end  of  this 
month,  and  should  make  the  arrangements  with  the 
authorities  accordingly. 

■dinlmrffli  International  Szliibition«— The  East 
of  Scotland  Engineering  Association  held  a  special  session 
at  the  exhibition  on  August  6th  and  6th.  Amongst  the 
papers  read  was  one  on  the  "  Protection  of  Buildings  from 
Lightning,"  by  A.  B.  Bennett,  vice-president  of  the  associa- 
tion, in  which  the  efiTects  of  several  recent  storms  in  Scotland 
on  buildings  and  telegraph  wires  were  described ;  and  one 
descriptive  of  the  telephonic  exhibits,  by  C.  G.  Wright^ 
fellow.  The  remaining  papers  dealt  with  the  mechanical 
exhibits,  the  one  by  Prof.  Elliot,  on  the  Locomotive  Annex, 
being  specially  noteworthy. 

Plioeplioi>BronjM. — ^To  electrical  engineers  requiring 
a  tough  metal  for  the  cogwheel  gearing  of  tramcars,  for 
bearings  and  bushes,  the  phosphor-bronze  offers  many 
advantages.  A  new  catalogue  of  the  Phosphor-Bronze 
Company,  of  Sumner-street^  Southwark,  gives  particulars  of 
their  various  makes,  and  also  of  silicium-bronze  electric 
wire  for  overhead  lines.  For  the  latter,  the  company 
present  many  important  testimonials.  They  also  describe 
their  white  metal,  and  other  specialities.  The  catalogue  is 
about  to  be  issued  to  the  public,  and  those  who  wish  to 
make  use  of  their  products  should  send  for  it. 


Deetrio  Omnibnsee, — ^The  Ward  Electric  Car 
Company  are  intending  to  run  their  line  of  electric 
omnibuses  from  King's  Cross  to  Victoria.  They  are 
expected  to  start  almost  every  day.  Seven  l>uses  are 
nearly  ready,  and  each  'bus  is  to  carry  26  passengers,  12 
inside  and  14  outside,  with  a  driver  and  conductor.  The 
passenger  fare  is  to  be  the  same  as  the  Gfeneral  Omnibus 
Company,  the  whole  journey  being  3d.  The  l)us  will  be 
worked  by  60  19-plate  KP.S.  accumulators  fixed  in  the 
bottom  of  the  car.  They  will  work  about  three  hours  a 
day,  and  then  freshly  charged  for  another  run. 

UtHlring  Artesian  Wells.— Thero  is  an  interesting 
application  just  before  the  Municipal  Council  of  Paris  for 
the  erection  of  an  electric  central  station  in  order  to  utilise 
the  power  of  a  new  artesian  well  situated  in  the  Herbert- 
place,  La  Chapelle.  The  well,  being  750  yards  deep,  throws 
the  water  up  to  a  height  of  38  yards,  and  gives  215,000 
cubic  feet  of  water  in  24  hours.  Several  turbines  are 
intended  to  drive  dynamos  and  to  supply  electric  light  and 
power  to  the  surrounding  districts,  which  are  mostiy  indus- 
trial, and  therefore  promise  a  large  consumption.  The  light- 
ing of  the  adjacent  park,  Buttes  Ohaumonts,  will  be 
done  from  the  same  generating  power. 

Monmonth. — ^Electricity,  we  should  &ncy,  would  soon 
be  a  welcome  guest  in  Monmouth.  Owing  to  disputes  with 
the  gas  company;  who  want  to  charge  £4  a  lunp  a  year 
for  public  lighting,  instead  of  £3,  the  price  offered  by  the 
Corporation — at  the  last  meeting  of  the  Town  Council,  it 
was  practically  decided  to  abandon  gas  for  the  use  of  petro- 
leum. Oil  will,  therefore,  in  all  probability  be  adopted, 
though  not,  we  think,  for  permanency.  We  know  the 
steps:  grasping  gas  company,  disputes,  discussions,  and 
proposals ;  threats  of  petroleum,  advantages  of  electric  light 
discussed,  trial,  and  final  adoption  of  electric  light  Let  us 
hope  the  dispute  will  come  out  this  way  with  Monmouth. 

A  MIlHon  8faooks»— In  the  account  of  the  British 
Association,  rightiy  or  wrongly,  lir.  Preeoe  is  reported  by 
the  DaAy  News  to  have  said  that  during  a  lifetime  of  inves- 
tigation he  had  received  a  million  electric  shocks.  A  cor* 
respondent  thereupon  wrote  to  object^  thinking  that  Mr. 
Preece  has  yet  but  an  imperfect  appreciation  of  the  value 
of  a  million.  He  says :  "Assuming  that  he  has  so  devoted 
40  years,  and  taking  the  year  as  consisting  of  52  weeks 
(scientifically  inaccurate,  but  near  enough),  and  allowing 
six  working  days,  each  of  12  hours,  to  the  week,  I  find 
that  in  every  working  hour  Mr.  Preece  must  have  received 
on  an  average  6*666  shocks,  or  one  shock  in  about  every 
nine  minutes!" 

Elootrolsrtlo  Protootlon  of  Ironwork,— A  process 
for  preventing  oxidation  of  artistic  wrought  ironwork  for 
outdoor  purposes,  other  than  a  coat  of  painty  is  described  in 
La  Lumihre  Eledrique.  The  iron  or  steel  work  is  in  this 
process  plunged  as  the  anode  into  an  electrolytic  bath  con- 
taining from  }  to  5  per  cent,  of  chloride  of  manganese  with 
from  5  to  20  per  cent,  of  nitrate  of  ammonia.  A  carbon 
cathode  is  used,  and  the  bath  is  not  heated.  A  feeble 
current  only  is  needed,  such  as  may  be  obtained  from  an 
ordinary  electric  battery.  The  result  of  the  electric  action 
is  to  cover  the  ironwcurk  with  a  deposit  of  peroxide  of 
manganese  that  effectually  protects  the  metal  from  the 
inroads  of  rust 

Dublin. — ^Mr.  C.  P.  Cotton,  CK,  local  government 
inspector,  will  hold  an  enquiry  at  the  City  Hall,  Dublin,  on 
September  12,  with  reference  to  an  application  made  by 
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the  Corporation  to  the  Local  Qovemment  Board  for  sanction 
for  certain  loans.  The  sanction  is  required  because  the 
sum  proposed  to  be  borrowed,  together  with  outstanding 
loans  under  the  Sanitary  and  Public  Health  Acts,  would 
exceed  more  than  one  year's  assessable  value  of  area  liable 
to  taxation.  The  sum  sought  to  be  borrowed  amounts  to 
£63,000,  which  consists  principally  of  a  sum  of  £50,000 
required  for  the  purpose  of  an  installation  under  the 
Electric  Lighting  Act,  and  a  sum  of  £3,000  for  the  purchase 
of  ground  and  erection  of  buildings  for  gas  and  meter 
testing  ofBces. 

Kleotrio   Add   Bath   for  PhotograTnres.— The 

Pixpwr  Zeiiungt  of  Berlin,  announces  that  an  important  dis- 
covery has  been  made  in  the  art  of  engraving  and  especially 
in  photogravure.  As  usual,  the  design  to  be  engraved  is 
placed  on  a  zinc  plate  either  by  photography  or  by  an  artist ; 
this  plate  backed  by  a  coating  of  asphaltum  is  then  placed 
in  an  add  bath.  In  the  new  process  the  plate  is  put  into 
connection  with  a  dynamo  machine  and  the  current  is  led 
away  by  a  wire  placed  in  the  bath.  As  soon  as  the  circuit 
is  established  the  acid  attacks  the  metal  with  an  astonishing 
rapidity,  and  a  few  minutes  are  sufficient  to  bite  in  several 
millimetres  deep.  The  depth  of  engraving  can  thus  be 
easily  regulated,  a  difficult  matter  under  the  ordinary 
process. 

Kidogrore  Wwka.— The  following  are  the  particulars 
of  the  transfer  of  the  new  works  alluded  to  in  a  recent 
note.  Woodhouse  and  Bawson  United,  Limited,  have 
taken  over  the  business  of  King,  Masterman,  and  Terry, 
of  Union  Foundry,  Eidsgrove,  Staffordshire.  Messrs. 
Masterman  and  Terry  will  undertake  the  management  of 
the  works,  and  Mr.  H.  Sampson  King  will  represent 
Mflosrs.  Woodhouse  and  Bawson  at  their  Westminster 
offices,  16,  Great  George-street,  S.W.  By  this  arrange- 
ment^ Woodhouse  and  Bawson  United  will  have  at  their 
disposal  an  old-estabUshed  engineering  works,  situated  in 
the  heart  of  the  Staffordshire  coal  and  iron  district,  and 
possessing  direct  railway  and  canal  communication  with  all 
parts  of  the  kingdom,  and  wiU  be  in  a  position  to  manu- 
facture and  supply  complete  plant  for  electric  lighting 
stations  with  all  accessories. 

Morse  Wgnalling  at  Sea. — On  Monday  night  the  gun- 
boats **  Mastiff"  and  "Bhizer,"  with  the  ocean  tug  '*  Seahorse 
and  torpedo-boat  No.  42,  have  been  engaged  under  the 
superintendence  of  Captain  Galway,  of  the  *'  Hecla,''  torpedo 
depdt  ship,  in  carrying  out  a  series  of  experiments  at  Spit 
head  with  the  new  electric  signalling  lamp.  The  flotilla 
left  Portsmouth  shortly  after  sunset,  and  the  various  vessels 
being  stationed  at  fitted  distances  apart,  one  off  the  Bem- 
bridge  Ledge^  a  second  beyond  the  Warner  light  ship, 
and  the  others  nearer  in  shore.  A  succession  of  flashing 
signals  were  exchanged  by  the  Morse  code  from  one  to  the 
other  so  as  to  test  the  reading  of  the  alphabet  at  different 
ranges,  the  practice  being  kept  up  from  nine  o'clock  until 
nearly  midnight.  The  results  so  far  under  favourable 
atmospheric  conditions  and  a  smooth  sea  appear  to  have 
been  very  favourable. 


Jarauut  Kleotrio  Oars. — ^It  is  expected  that  the 
Jarman  Electric  Tramcar  Company  will  start  to  run  two 
electric  tramcais  to  and  from  Clapham  and  Vauxhall  next 
week.  The  can  are  built  to  match  other  trams  as  near  as 
possible.  They  are  to  be  driven  by  a  12-h.p.  double  arma- 
ture motor,  each  armature  developing  6  Lp.,  worked  from 
104  19-pIate  E.P.S.  cells,  giving  45  amperes  at  a  pressure 


in  parallel,  or  in  series,  or  singly.  The  motor  when  going 
at  its  nominal  speed  will  run  at  650  revolutions  per  minute, 
propelling  the  car  at  eight  miles  an  hour.  When  unloaded 
it  weighs  5^  tons,  and  loaded  eight  tons.  There  is  very 
littie  noise  heard  working  the  car,  as  one  of  the  cogwheels 
in  each  gear  is  made  of  compressed  paper.  When  running 
at  full  speed  it  can  be  stopped  in  a  very  short  space.  It  is 
fitted  up  with  six  100-volt  lamps  to  light  the  car. 

Moving  Koepor  Dynamoo.— Mr.  Gisbert  Kapp,  in 
a  letter  to  Industries  last  week,  refers  to  the  Elimenko 
dynamo.  "This,"  he  says,  *'is  not,  strictly  speaking,  a  moving 
keeper  dynamo,  but  simply  a  machine  with  revolving  field 
magnets.  The  latter  consist  of  a  central  hub  mounted  on 
the  spindle,  and  four  radial  prongs,  or  poles,  on  either  side 
all  the  prongs  on  one  side  being  south  and  all  the  prongs 
on  the  other  side  north  poles.  The  exciting  coil,  which  is 
placed  around  the  central  hub,  does  not  revolve.  The 
armature  coils  have  laminated  iron  cores,  and  are  placed 
parallel  to  the  shaft,  so  that  their  ends  are  swept  over  by 
the  revolving  field  poles.  The  number  of  armature  coils  is 
double  that  of  field  poles.  It  will  be  seen  from  this  descrip- 
tion that  the  Klimenko  alternator  is  simply  a  Mordey 
machine,  with  iron  in  the  armature,  and  a  stationary  instead 
of  a  revolving  field  coiL  It  is  in  no  way  an  anticipation  of 
Mr.  Kingdon's  alternator." 

WoBtminstor  Supiily. — ^As  we  have  already  informed 
our  readers,  the  Westminster  Electric  Supply  Company  are 
building  three  electric  light  stations,  one  for  Westminster, 
one  for  Belgravia,  and  one  for  Mayfair  districts.  The  one 
for  Westminster  is  expected  to  be  running  at  the  end  of 
this  month.  In  this  there  are  to  be  three  boilers  of 
Babcock  and  Wilcox  make,  each  one  indicating  120  h.p., 
Willans  high-speed  engines,  and  Groolden's  dynamos.  In  the 
meantime,  while  the  buildings  are  being  finished,  two 
temporary  stations  are  still  running,  one  being  used  entirely 
to  light  the  House  of  Commons,  and  the  other  lights  the 
mansions  around  the  district.  The  latter  consists  of  two 
boilers,  one  40  h.p.,  and  one  20  h.p.,  two  Willans  high- 
speed engines,  and  two  Crompton  dynamos,  also  60 
31 -plate  Crompton  accumulators,  which  are  run  in  parallel 
with  the  machines.  The  three-wire  system  is  to  be  adopted 
on  the  Westminster  Company's  circuits. 

Smbmarlno  Navigatton. — Who  is  to  be  the  deep  sea 
Columbus  f  asks  Captain  Prince  Dakkar  Nemo  in  a  little 
brochure,  reprinted  from  the  BooUe  Times,  The  Captain 
Prince  is  prepared  to  be  it  himself,  and  has  promulgated 
his  idea  of  a  submarine  vessel,  cylindrical,  12ft.  diameter 
amidships,  60  ton  weight,  carrying  30  tons  of  KP.S. 
accumulators,  and  geared  by  motors  to  double-acting  pro- 
pellers on  a  system  which  he  has  applied  himself.  He 
mentions  1  to  1,000  h.p.  to  be  exerted,  a  run  of  1,000 
miles  at  a  low  rate  of  speed,  or  an  extreme  of  30  miles  an 
hour  at  the  highest  speed,  and  says  if  ever  he  found  himself 
in  command  of  such  a  vessel  as  pourtrayed,  he  '*  would 
enter  into  a  rigid  contract  to  perform  much  more  "  than  he 
has  hinted  at.  He  looks  to  the  era  of  small  electric  sub- 
marine vessels  as  having  set  in,  thinks  both  for  skirmishers, 
and  for  guiding  the  laying  of  telegraph  cable,  as  well  as 
for  recovery  of  sunken  goods,  such  boats  would  be 
invaluable,  and  also  quick,  steady,  short  sea  passages, 
as  from  Dover  to  Calais,  could  be  undertaken  by 
these  vessels  regardless  of  wind  and  tide.  For  salvage 
work  particularly  he  considers  these  ocean  divers  can  be 
made  useful  and  practical,  and  is  prepared  to  take  charge 


of  208  volts.  The  armatures  can  either  be  worked  together  |  of  one  at  the  first  opportunity  that  can  be  offered  to  him. 
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A  Idqiild  Omr  Gearing.— One  of  the  great  difficulties 
in  the  application  of  a  quickly  rotating  engine,  Uke  the 
ordinary  electric  motor,  to  the  propulsion  of  ^amcars,  or, 
in  fact,  the  driving  of  any  heavy  machinery,  is  the  disadvan- 
tage it  offers  in  the  starting  of  the  load.  A  rush  of  current 
tends  to  take  place  as  the  motor  starts,  and  some  method 
of  enabling  the  motor  to  gradually  take  up  its  load  has 
been  often  sought.  One  of  the  most  bold  and  original 
attempts  to  accomplish  this  is  explained  by  Mr.  K  S. 
Pillsbury  in  a  recent  number  of  the  N.  Y.  EheMcal  Engineer^ 
where  a  turbine  is  advocated  as  an  intermediate  gearing,  or 
rather  a  combination  of  pump  and  turbine,  constituting  a 
liquid  gearing.  In  effect  the  armature  is  coupled  to  a 
rotary  pump^  and  the  car  wheel  axle  to  a  turbine  ;  these 
two  are  enclosed  together  in  a  small  iron  vessel  with  water. 
The  armature  starts  at  full  speed  driving  the  pump,  and 
the  turbine  takes  up  the  speed  evenly  and  gradually,  the 
two  being  locked  when  the  speed  becomes  equal.  As,  for 
high-speed  turbines,  a  IMn.  ^heel  of  modem  build  will 
give  350  h.p.  at  600  revolutions,  it  is  easy  to  see  that  the 
size  of  the  arrangement  need  not  be  great  The  car  might 
in  this  way  be  managed  with  one  switch,  and  be  reversed 
without  being  overtaxed.  It  remains  to  be  seen  whether 
the  arrangement  proposed  is  more  practical  than  the  usual 
method  of  resistance  to  reduce  the  strength  of  field  magnets. 

Telophonio  Theory.—The  theory  of  the  actions  taking 
place  in  the  telephone,  at  one  time  supposed  to  be  charm- 
ingly simple,  has  been  jfound  to  be  far  more  complex  than 
original  experimenters  imagined.  A  writer  in  VEUdnden  of 
the  somewhat  IScottish  name  of  D.  MacNab  has  a  thoughtful 
article  upon  the  subject,  entitle4  "  The  Thermic  Theory  of 
the  Microphone.^'  He  considers  **  the  theories  of  the  micro- 
phone based  uppn  the  variation  of  resistance  as  the  point  of 
contact  must  be  abandojied.  .  .  In  reality,  the  theory  is 
complicated,  very  complicated,^'  and  be  gives  calculations 
and  curves  of  the  harmonics  of  sounds.  He  says,  in  effect, 
that  he  considers  the  mechanism  of  the  microphone 
comprises  thermal  effects^  and  that  heat  plays  the  part  of 
transformer  analogous  to  that  of  magnetism  in  the  telephone. 
Carbon  has  a  great  capacity  for  heat,  and  hence  its  useful- 
ness. For  a  perfect  microphone  (1)  the  carbons  must  be 
polished ;  (2)  the  points  of  contact  must  be  numerous  and 
close  together;  (3)  the  points  must  be  easily  movable; 
(4)  the  carbons  must  have  little  inertia.  The  granulated 
carbon  microphones  used  in  Paris  fulfil  these  conditions. 
He  adds  the  microphonic  effect  can  be  greatly  increased  by 
heating  the  carbon  contacts.  A  loudnspealdng  telephone 
should  have  "  warmed  carbons."  He  brings  forward  two 
conclusions  from  these  views  :  (1)  A  filament  of  carbon  of 
high  resistance  and  small  mass  heated  and  fixed  to  a 
diaphragm  should  act  as  a  microphone ;  (2)  the  microphonic 
effect  should  be  reversible,  that  is,  a  suitably*  arranged 
microphone  should  act  as  a  telephone. 

Faraday's  Catalogue.— We  gave  in  our  issue  of 
Aug.  22  a  notice  of  the  nevr  catalogue  of  Messrs.  Faraday  and 
Son,  of  which  we  had  an  advance  view.  This  catalogue  is 
now  issued,  and  we  may  supplement  our  remarks  upon  the 
beauty  and  delicacy  of  the  designs  of  artistic  fittings  which 
appear  therein,  by  referring  more  particularly  to  the  actual 
kinds  of  fittings.  As  we  mentioned,  the  drawing  in  of  the 
background  in  light  touches  to  most  of  the  designs  is  a 
pleasing  and  noticeable  feature,  which  will  tend  to  commend 
the  catalogue  to  the  actual  user.  All  the  di  a  wings  have 
been  specially  redrawn  for  this  catalogue,  and  many  new 
designs  have  been  added,  which  now  are  issued  to  the  public 
for  the  first  time.    The  first  plates  are  devoted  to  brackets. 


and  we  are  presented  with  some  very  effective  pieces  of 
ornamentation.  Here  are  heavy  chased  brackets  with  either 
delicate  hanging  lace  shades  or  cut  glass  globes ;  we  have 
bronze  figures,  leaf  shades,  and  grotesques;  simple  light 
twisted  brackets,  and  those  of  hammered  leaf.  Next  we 
have  peadants,  little  lamps  with  coloured  glass  friezes  for 
alcoves ;  egg-shaped  etched  pendants,  Boman  lamps  chain- 
hung  with  candle-shaped  incandescent  lamps ;  Turkish  and 
other  Eastern  shapes;  dining-room  dome  lights  with 
coloured  silks  and  binges,  and  wrought  brasswork ;  hall 
lamps,  saloon  and  drawing-room  pendants,  light  and  elegant 
or  solid  and  massive,  with  three  lamps  or  with  20; 
lamps  for  staircases,  hanging  above  or  standing  on  the  newel- 
posts.  Then  there  are  numerous  coronas  with  the  light 
rolled  brass  filagree  work  which  Faraday's  have  made  a 
speciality.  Afterwards  come  standards,  and  of  these  the 
shapes  are  too  numerous  to  be  separately  mentioned,  evinc 
ing  the  favour  with  which  portable  electric  lights  for  table 
writing-desk,  or  reading-chair  are  regarded.  Among  these, 
several  designs  of  little  bronze  cherubs  holding  lamps  in 
various  attitudes  are  extremely  effective.  The  book  is  one 
which  those  who  have  to  do  with  the  fitting  up  and  decorat- 
ing of  better-class  articles  should  by  no  means  be  without. 

Central  Station  in  Bmse^e.— The  first  central 
station  for  the  distribution  of  electric  light  in  Brussels, 
established  in  the  Passage  du  Nord  by  the  Tudor  Accu- 
mulator Company,  consists,  according  to  details  given  in 
the  BtdleHn  Iniemationale  de  VEledricUi^  of  the  foUowing 
plant:  two  50-h.p.  condensing  steam  engines,  by  Bider 
Bollinck ;  two  Mattot  boilers,  specially  constructed  for  erec- 
tion in  the  narrow  passage ;  two  dynamos  of  16,800  watts 
each  (140  volts  and  120  amperes),  constructed  by  the  Thom- 
son-Houston Company,  and  one  dynamo  of  40,000  watts 
(140  volts  and  290  amperes)  by  Siemens  and  Halske,  of 
Berlin.  Shafting  permits  either  engine  to  drive  any  dynamo. 
To  avoid  shaking  of  the  neighbouring  premises  the  engines 
are  mounted  on  special  foundations.    Over  the  machine- 
room  is  the  accumulator-room,  containing  264  cells  grouped 
in  four  parallel  series  of  66.    The  cells  are  composed  of 
pktes  550  by  420  mm.,  of  a  total  weight  of  230  kilog. 
(about  5cwt)  each.    Their  useful  capacity  is  756  amperes 
[ampere-hours],  with  a  chax^ng  current  of  95  amperes,  and 
a  discharging  current  of  126  amperes.    The  station  in  full 
working  order  can  supply  2,000  lamps  of  16  cp.    The 
parallel  two-conductor  system   is   used.    The    overhead 
conductors  coqsist  of   phosphor-bronze    insulated    cable, 
36/10,  dividing  into  four  circuits,  each  capable  of  feeding 
1,500  lamps  of  16  cp.,  or  their  equivalent.    A  signal 
apparatus,  both  for  ear  and  eye,  gives  notice  to  the  elec- 
trician when  the  pressure  in  the  mains  varies  one  volt  over 
or  under  normal.    The  staff  of  the  station  consists  of  an 
electrician,  an  engine  driver  and  stoker.    The  principal 
customer  to  the  station  at  present  is  the  Caf6  M^tr6- 
pole,  which  takes  600  lamps  of    16  cp.    Switches  are 
arranged  to  allow  the  separate  illumination  by  groups 
of   the  interior,  the  upper  rooms,  the  cellars,  and  the 
exterior  in  front  on  the  pavement    The  distribution  in 
this  establishment  is  excellent,  and   makes    a  brilliant 
display.    Another  important  installation  is  that  of  MM. 
Cartaut,  who  take  400  lamps  of  16  cp.    The  station  has 
already  a  guaranteed  minimum  for  10  yeSfrky  contract^ 
amounting   to   35,000f.  a   year.     The   instaUdl^   ^^^^ 
erected  by  M.  Yandewiele,  under  the  direction  ot^  ^ 
Eratz,  formerly  managing  director  of  the  Tudor  Comi 
and  now  director  of    the   electric   lamp    company 
Schaerbeck. 
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THE  EDINBURGH  EXHIBITION.— XV. 

Stood  No.  83.    Sir  William  Thomson's  Indmments. 

For  the  measurement  of  potential  in  conaection  with 
fllectric  lighting  or  poorer  installations  on  board  ship,  the 
mass  of  the  moving  part  of  the  balance  voltmeter  is  too 
great  to  be  convenient  for  accurate  uae.  The  marine  volt- 
meter. Figs.  1  and  2,  now  to  be  described  is  specially  suit- 
able for  such  a  purpose,  but  it  is  also  equally  useful  as  a 
portable  voltmeter  for  general  use. 

The  instrument  consists  of  a  small  oblate  of  soft  iron 
supported  on  a  stretched  wire  in  the  centre  of  a  solenoid 
of  fine  copper  wire  -connected  in  series  with  platinoid  resiat- 
ances,  variable  according  to  the  potential  to  be  measured  ; 
and  is  founded  on  the  principle  that  an  oblate  spheroid  of 
soft  iron,  movable  round  a  diameter,  tends  to  turn  its 
equatorial  plane  parallel  to  the  lines  of  force  in  a  uniform 
magnetic  field.  The  pointer  is  fixed  relatively  to  the 
oblate  in  such  a  manner  that,  when  the  pointer  is  at  the 
zero  position  of  the  scale,  the  equatorial  plane  of  the 
oblate  is  inclined  about  45deg.  to  tne  lines  of  force  of  the 
solenoid. 

The  snapending  wire  is  stretched  between  the  two  ends 
of  a  brass  tube,  being  fixed  at  the  bottom  end  and  carried 


e  npper 

iog  dowD  upon  it  the  movable  cap  of  the  top  resist- 
ance coil.  Portions  of  the  tube  are  cut  away  to  permit  of 
easy  access  to  all  parts  of  the  instrument  for  adjustment 
or  inspection.  In  order  to  prevent  damage  to  the  suspend- 
ing wire  or  accidental  disturbance  of  the  torsion  head,  two 
copper  cylinders,  which  also  serve  to  carry  the  resistance 
coils,  ore  placed  covering  the  two  ends  ol  the  supporting 
tube,  and  ore  fixed  by  screws  Ui  the  sheath. 

The  scale  is  graduated  from  zero  to  140,  but  for  con- 
venience of  observation  the  first  marked  division  is  50. 
It  is  placed  in  a  horizontal  box  with  a  glass  cover  fixed 
to  the  sheath,  and  the  pointer  shows,  by  inspection,  direct 
reading  of  currents  of  from  50  to  140  milliamperes. 

The  resistances  to  enable  the  instrument  to  be  used  as 
a  voltmeter  are  wound  anti-inductively  on  two  copper 
cylinders,  and  the  lower  one  of  these  may  be  arranged 
to  serve  as  a  convenient  means  of  supporting  the  instru 
ment  on  a  table  or  shelf.  When,  as  is  most  commonly  the 
case,  the  mean  potential  to  be  measured  is  100  volts,  the 
platinoid  resistance  is  adjusted  to  make  up,  along  with  the 
fine  copper  wire  solenoid  (of  which  the  resistance  is  about 
60  ohms),  a  total  resistance  of  1,000  ohms.  Thus  the  direct 
readiog  irf  potential  on  the  scale  is  in  volts. 


Id  order  to  save  time  in  taking  readings  a  checker  ia 

Srovided.  A  brass  arc,  capable  of  moving  in  a  vertical 
irecUoD,  is  placed  parallel  to  and  slightly  ^low  the  plane 
in  which  the  pointer  moves,  and  by  means  of  a  handle  this 
arc  may  be  brought  gently  and  momentarily  into  contaot 
with  the  pointer  so  as  to  quickly  stop  its  oscillations. 

When  the  instrument  is  to  be  used  for  very  accurate 
work,  a  means  of  observing  and  annulling  any  error  due  to 
residual  magnetism  in  the  oblate  may  be  provided  by  a 
reversing  key  placed  below  the  scale  box,  and  two  magnet* 
screwing  into  the  sheath.  The  current  through  the  instru- 
ment is  made  in  one  direction  when  the  handle  of  the 
reversing  key  is  in  the  top  position,  and  made  in  the 
opposite  direction  when  the  handle  is  in  the  bottom 
position.  The  current  is  broken  when  tho  handle  is  on 
either  side.  The  residual  efiect  in  the  instrument  is  verv. 
small,  and  it  is  found  to  be  uufitciently  accurate  for  all. 
practical  purposes  without  this  adjustment. 

The  adjustment  for  annulling  any  effect  due  to  residual 
magnetism  in  the  oblate  may  be  tested  by  taking  two 
readings  with  a  constant  current  passing  through  the  coil, 
first  in  one  direction  and  then  in  tbe  other.  If  the  readings  so 
obtained  do  not  agree,  the  current  should  be  reversed 
through  the  coil  several  times  by  turning  the  handle  of  the 
reversing  key—in  most  cases  this  will  1»  found  sufficient 
to  restore  the  adjustment.     Should  it  not  do  so,  recourse 


Fig.  3. — The  Ampere  Gaage. 

must  be  had  to  tbe  two  compensating  magnets  in  the  case, 
which  should  be  simultaneously  screwed  out  or  in  as 
rMuired  until  the  desired  equality  of  readings  is  obtained. 
When  this  is  done  the  magnets  should  be  again  clamped  by 
means  of  the  nuts  provided  for  that  purpose.  When  it  is 
found  necessary  to  screw  out  the  magnets  to  make  the 
above  compensation,  and  on  screwing  them  out  as  far  as 
possible  a  perfect  adjustment  cannot  be  obtained,  tbe  two 
magnets  should  be  interchanged,  and  the  desired  compensa- 
tion will  then  be  speedily  secured  by  screwing  them  in  a 
little. 

The  ranges  of  the  difierent  types  of  the  ampere-gauge 
usually  made  are : 

I.  From  '25  to      6  amperes. 
II.      „        1  „     20 

III.  „        6  „  100 

IV.  „       10  „  200 
V.      ,,      25  „  600 

Tbe  instrument.  Fig.  3,  is  of  simple  constructio  n,  having 
a  vertical  Blat«  base-plate  to  which  are  attached  : 

(a)  A  solenoid  of  special  form. 

{b\  Brass  bearing  plates  supporting  a  bftlaoce  which 
carries  a  soft  iron  plunger  on  ita  one  arm  and  a  brass 
counterpoise  weight  on  the  other. 
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M  A  brass  arc  having  a  scale  graduated  to  give  direct 
rnimm  in  amperes. 

CA  A  Unged  arm  which  bears  a  light  checker. 

The  solenoid  is  bnilt  np  of  copperplates  with  mica  in- 
sidation  between  them,  and  is  fixed  to  the  base-pkte  so 
that  its  core  is  rerticaL 

The  balance  is  supported  on  knife  edees  at  such  a  distance 
below  the  solenoid  that  the  top  end  of  the  plunger  is 
slightly  entered  into  the  core.  The  plunger  is  made  from 
a  thin  soft  iron  wire  about  20  centimetres  long,  and  is 
supported  hy  a  crossbar  with  two  hooks  on  it,  which  pass 
oter  two  knife-edge  stirrups  on  the  arm  of  the  balance.  It 
has  a  brass  weight  hung  on  its  lower  end  in  order  to  keep 
it  in  a  vertical  position  and  prevent  its  being  attracted 
against  the  side  of  the  solenoid. 

An  indicating  needle,  or  pointer,  formed  from  a  strip  of 
platinoid,  passes  down  from  the  trunnion  of  the  balance  to 
the  brass  arc  bearing  the  graduated  scale.  As  the  plunger 
is  attracted  upwards,  this  pointer  passes  round  the  jM»le 
and  indicates  the  strength  of  current  passing  through  the 
solenoid. 
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V(g.  4.— Bogine  Room  Voltmeter. 


This  new  engine-room  voltmeter,  shown  in  Fig.  4,  is 
intended  for  installation  work  on  either  direct  or  alterna- 
ting circuits,  where  it  is  convenient  to  have  a  direct-reading 
voltmeter  with  large  scale  divisions. 

The  instrument  depends  for  its  action  upon  the  repulsion 
of  a  movable  coil,  M,  by  a  fixed  coil,  F.  The  fixed 
coil,  F,  bears  all  the  other  portions  of  the  instrument 
attaoheid  to  it,  and  is  *  in  its  turn  supported  from  a 
vulcanite  block  fixed  to  the  instrument  case.  This  vulcanite 
block  also  bears  die  terminals  of  the  instrument  The 
movable  coS  is  supported  on  knife  edges,  and  the  circuit 
through  it  from  the  fixed  coil  of  the  voltmeter  is  made  by 
two  spirals  of  fine  copper  wire.  A  pointer  attached  to  the 
movable  coil  indicates  by  direct  readings  in  volts  the 
difference  of  potential  between  the  terminius  of  the  instru- 
ment Attacned  to  the  pointer  on  one  sMe,  and  perpen- 
dicular to  it»  is  a  short  arm  with  a  screw  nut,  N,  which, 
together  with  the  sliding  weighty  S,  on  the  pointer,  serves 
to  adjust  the  balance  of  the  movable  partsi    To  the  other 


side  of  the  pointer  is  attached  a  bracketed  arm  terminating 
in  a  knife-edged  stirrup,  on  which  is  hung  the  weight,  Wl 
fixing  the  constant  of  the  instrument 

The  movable  coil  can  be  lifted  from  its  bearings  by 
turning  the  screw,  L,  which  raises  a  lever  passing  below 
the  kmfe-edge  trunnions,  and  so  fixes  the  movable  portion 
of  the  instrument  when  the  instrument  is  being  removed 
from  place  to  place,  or  is  packed  for  carriage. 

A  checker,  cc,  is  provided  to  facilitate  the  taking  of 
readings  when  the  circuit  is  for  some  reason  being  made 
and  broken,  or  the  potential  being  suddenly  and  largely 
varied. 

The  instrument  is  graduated  by  direct  comparison  with 
a  standard  centiampere  balance.  The  movable  portion  is 
first  adjusted  to  be  in  neutral  ecmilibrium  by  means  of  the 
sliding  weight,  S,  and  the  nut,  rf.  The  weight,  W,  is  then 
hung  on  the  knife-edged  stirrup.  This  weight  causes  the 
pointer  to  come  back  to  zero,  in  which  position  the  movable 
coil  is  pressed  against  the  fixed  one,  ana  is  adjusted  so  that 
the  pbinter  just  begins  to  indicate  at  the  lowest  point  to 
which  it  is  desired  to  work.  The  scale  consists  of  very 
nearly  equal  divisions,  and  is  usudiv  graduated  from  80  or 
90  to  140  or  150  milliamperes.  The  coils  of  the  instru- 
ment are  wound  with  many  turns  of  copper  wire,  and  have 
a  total  resistance  of  about  100  ohms.  An  anti-inductiye 
resistance  of  platinoid  wire  is  fixed  to  the  back  of  the 
instrument^  and  is  adjusted  to  make  up,  with  the  redstr 
ance  of  the  coils,  1,000  ohms  at  a  f^ven  specified  tempera- 
ture. Thus,  as  the  scale  is  in  milliamperes,  the  instrument 
reads  directly  in  volts. 


(To  be  cofdinued.) 


ON  ANTI  -  EFFECTIVE  COPPER  IN  PARALLEL 
CONDUCTORS  OR  IN  COILED  CONDUCTORS  FOB 
ALTERNATE  CURRENTS.* 

BY  SIR  WILLIAM  THOMSON,  F.R.S. 

1.  It  is  known  that  by  making  the  conductors  of  a  circuit 
too  thick  we  do  not  get  the  advantage  of  the  whole  con- 
ductivity of  the  metal— copper,  let  us  say — for  alternate 
currents.  When  the  conductor  is  too  thick,  we  have  in 
part  of  it  comparatively  ineffective  copper  present ;  but,  so 
far  as  I  know,  it  has  generally  been  supposed  that  the 
thicker  the  conductor  the  greater  will  be  its  whole  effective 
conductance,  and  that  thickening  it  too  much  can  never  do 
worse  than  add  comparatively  ineffective  copper  to  that 
which  is  most  efiiactive  in  conveying  the  current.  It  might, 
however,  be  expected  that  we  could  get  a  positive  augmen- 
tation of  the  effective  ohmic  resistance,  because  we  know 
that  the  presence  of  copper  in  the  neighbourhood  of  a  cir- 
cuit carrying  alternate  currents  causes  a  virtual  increase  of 
the  apparent  ohmic  resistance  of  the  circuit  in  virtue  of  the 
heat  generated  by  the  currents  induced  in  it.  May  it  not 
be  that  anti-effective  influence  such  as  is  thus  produced  by 
copper  not  forming  part  of  the  circuit  can  be  produced  by 
copper  actually  in  the  circuit,  if  the  conductor  be  too  thick  ? 
Examining  the  question  mathematically,  I  find  that  it  must 
be  answered  in  the  affirmative,  and  that  sreat  augmentation 
of  the  effective  ohmic  resistance  is  actmuly  produced  if  the 
conductor  be  too  thick;  especially  in  coils  consisting  of 
several  layers  of  wire  laid  over  one  another  in  series  around 
a  cylindric  or  flat  core,  as  in  various  forms  of  transformer. 

2.  Fig.  1  may  be  imaii^ned  to  represent  the  secondaty 
coil  of  a  transformer  consisting  of  solid  square  copper  wire 
in  three  layers.  For  simplicity  we  suppose  the  axial  length 
to  be  infinitely  great,  and  straight ;  but  the  uniformity 
which  this  involves,  and  a  dose  practical  application  to  its 
simplicity  is  realised  in  that  excellent  form  of  tnmsformer 
which  consists  of  a  toroidal  iron  core  completely  covered 
by  primary  and  secondary  wires  laid  on  toroidal  surfaces. 
To  simplify  the  mathematical  work  I  suppose  the  whole 
thickness  of  the  three  layers  to  be  small  in  comparison  with 
the  greatest  radius  of  curvaturo  of  tixe  circular  or  flat 
cylindric  surface  on  which  the  wire  is  wound,  but  if  it  is 
not  so  the  solution  is  easily  obtained  for  the  case  of  circular 
cylinders  in  terms  of  the  Fourier-Bessel  functions.  It  is  of 
no  consequence  for  our  present  question  what  there  be 
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inside  of  coil  No.  3,  and  if  we  please  we  may  imagine  there 
to  be  nothing  but  air.  The  drawing,  however,  indicates  an 
iron  core  and  space  which  might  be  occupied  by  the  primary 
coil  if  a  transformer  is  the  subject,  or  our  coil,  A  A  A  A, 
may  be  the  primary  coil  of  a  transformer  with  secondary 
coil  and  core  inside  it,  and  the  alternate  current  main- 
tained in  it  by  an  external  electromotive  agent  acting  in  an 
arc  between  its  ends  outside.  Our  present  results  are 
applicable  to  all  these  varieties  of  cases  indifferently,  all  that 
is  essential  being  that  the  total  quantity  of  current  be  given 
at  each  instant,  and  be  uniform  throughout  the  whole 
length  of  the  coiled  conductor. 

3.  This  last  condition  is  secured  by  perfectness  of  insula- 
tion between  all  contiguous  turns  of  the  coil,  unless  we  were 
considering  so  enormously  long  a  coil  that  the  quantity  of 
electricity  required  for  the  essential  changes  of  static  elec- 
trification would  be  sensible  as  constituting  drafts  from,  or 
contributions  to,  the  cuirent  in  the  coil.  The  consideration 
of  static  .electrification,  involved  in  the  maintenance  of 
alternate  currents  through  a  coil  such  as  that  represented 
iu  Fig.  1,  is  exceedingly  curious  and  interesting;  but  we  do 
not  enter  on  it  at  present  at  all,  as  in  all  practical  cases  the 
quantities  concerned  are  quite  infinitesimal  in  comparison 
with  the  whole  quantity  flowing  in  one  direction  or  the 
other  in  the  half  period. 

4.  In  the  drawing  the  section  of  the  wires  is  represented  as 
square;   but  this  is  not  essential,  and  in  practice  a  fiat 
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rectangular  ribbon  would,  no  doubt,  for  some  dimensions  of 
coils  be  preferable.  I  assume  the  thickness  of  the  insu- 
lation between  the  successive  squares  or  rectangles  in  each 
layer  to  be  infinitely  small  in  comparison  with  the  breadth 
of  the  rectangle ;  but  the  thickness  of  the  insulation  between 
successive  layers,  which  is  a  matter  of  indifference  to  my 
calculations,  may  be  anything,  and  would  in  practice  natu- 
rally be,  as  shown  in  the  diagram,  considerably  greater  than 
the  thickness  of  the  insulation  between  the  contiguous  por- 
tions of  the  coil  in  each  layer. 

5.  The  full  mathematical  work  which  I  hope  to  commu- 
nicate to  the  Philosophical  Magazine  for  publication  in  an 
early  number  includes  an  investigation  of  the  self-induction 
of  the  coil  with  or  without  anything  in  its  interior  (such  as 
core  or  primary  wire  of  a  transformer) ;  but  at  present  I 
merely  give  results,  so  far  as  effective  ohmic  resistance,  or 
generation  of  heat  in  the  interior  of  the  wire  of  the  coil 
A  A  A  A  itself,  is  concerned,  which,  as  said  above,  is  inde- 
pendent of  everything  in  the  interior,  and  of  the  mode  in 
which  the  alternating  current  is  produced,  provided  only 
that  the  total  amount  of  electricity  crossing  the  section  of 
the  wire  per  unit  of  time  be  given  at  each  instant. 

6.  As  a  preliminary  to  facilitate  the  expression  of  these 
results,  it  is  convenient  first  to  give  a  general  statement  of 
the  solution  of  the  problem  of  laminar  diffusion  of  a  simple 
harmonic  variation,  applied  to  the  case  of  electric  currents 
in  a  homogeneons  conductor.  Let  the  periodically  varying 
magnetic  force  in  the  air  or  other  insulating  material  in  the 
neighbourhood  of  so  small  a  portion,  S,  of  the  surface  of 
a  conductor  that  we  may  re^rd  it  as  plane,  be  given. 
Resolve  this  magnetic  force  into  two  components,  one, 
perpendicuhMT  to  S,  wbioh  ifo  may  neglect,  as  it  hfts  no 


influence  in  connection  with  the  currents  we  are  to 
consider ;  the  other,  parallel  to  S,  which  we  shall  call 
the  effective  component  and  denote  by  Y.  Through  any 
point  0,  of  S,  draw  three  rectangular  lines,  OX,  OY, 
OZ,  of  which  OYand  OZare  in  S,  and  OXis  parallel 
to  the  direction  of  the  effective  magnetic  force  component, 
Y.    Let  now  the  value  of  Y  at  time  i  be 


Y  =  Mcos 


2wt 


where  M  denotes  a  constant,  and  T  the  period  of  the 
alternation.  The  varying  magnetic  force,  Z,  to  whatever 
cause  it  may  be  due,  gives  rise  to  currents  parallel  of 
O  Z  in  the  conductor,  expressed  by  the  following  formula 
for  7,  the  current  intensity  at  distance  X  from  the  plane 
S,  provided  T  be  small  enough  to  fulfil  the  condition 
stated  below : 

2'*         /2W    2wx    1      \ 
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where  A  denotes  what  we  may  call  the  wave-length  of  the 
disturbance,  and  is  given  in  terms  of  T,  the  period  of  the 
disturbance,  and  p  and  IT  the  resistivity  and  magnetic  per- 
meability of  the  substance,,  by  the  following. formula : 
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For  copper  we  have  11  =  1,  and  p«f  1,611  square  centimetres 
per  second  ;  and  thus  for  80  periods  per  second  A=:4'49,  or, 
say,  4^  centimetres.  In  order  that  the  formula  for  y  may 
be  approximately  true,  it  is  necessary,  in  the  first  place, 
that  k  must  be  small  in  comparison  with  the  distance  we 
must  travel  in  an^  direction  in  the  surface  of  S  before 
finding  any  deviation  of  it  from  the  tangent  plane  through 
0  comparable  with  A.  Secondly,  for  a  very  good  approxi- 
mation, A  be  so  small  that  we  may  be  able  to  travel  inwards 
in  any  direction  from  O,  through  a  space  equal  to  at  least 
twice  A,  without  coming  to  any  other  part  of  the  bounding 
surface  of  the  conductor.  If,  for  example,  the  surface  be  a 
flat  plate,  this  condition  requires  that  the  thickness  be  more 
than  twice  A.  But  (because  e-r  ig  less  than  ^)  the  formula 
gives  a  very  fair  approximation  requiring  for  naif  the  thick- 
ness of  the  plate  inwards  from  S  no  greater  correction  than 
about  4  per  cent,  even  if  the  thickness  of  our  plate  be  no 

£  eater  than  A.  When  ,  the  thickness  of  the  plate  is 
IS  than  2  A,  we  may  consider  waves  of  electric 
current  as  travelling  inwards  from  its  two  sides,  and 
being  both  sensible  at  the  middle  of  the  plate;  and  a 
complete  solution  of  the  problem  is  readily  found  by  the 
method  of  images.  But  a  airect  analytical  investigation,  bjy 
which  the  proper  conditions  of  relation  to  varying  magnetic 
force  on  the  two  sides  of  the  plate  are  fulfiUea  is  the  most 
convenient  way  of  fullv  solving  the  problem,  and  it  is  thus 
that  the  results  given  below  have  been  obtained. 

7.  The  smallness  of  the  insulating  space  between  the 
successive  turns  in  each  layer  of  oat  coil,  AAA  A,  and  the 
equality  of  the  whole  current  through  them  all  prevent  any 
surface  disturbance  from  being  produced  at  the  contiguous 
faces,  and  allow  the  problem  to  be  tresi^  asif  insteaa  of  a 
row  of  squares  or  rectangles  yre  had  a  CQntinuous  plate 
forming  each  stratum.  The  smallness  of  the  thickness  of 
this  plate  in  comparison  with  the  radius  of  thQ  cylindric 
surface  to  which  it  is  bent  allows,  as  said  above,  the  mathe- 
matical treatment  for  an  infinite  plato  bounded  by  two 
parallel  planes  to  be  used  without  practical  error.  I  have 
thus  found  an  expression  for  the  intonsity  of  the  current  at 
any  point  in  the  metal  of  any  one  of  the  layers  of  a  coil  of 
one,  two,  three,  or  more  layers,  and  have  deduced  from  it; 
an  expression  for  the  quantity  of  heat  generated  per  unit  of 
time,  at  any  instant,  per  unit  breadth  in  any  one  of  the 
layers.  I  need  not  at  present  quote  the  former  expression. 
The  latter  is  as  follows  :  With  q  to  denote  the  dynamical 
value  of  the  time  average  of  the  heat  generated  per  unit  of 
time  at  different  instants  of  the  period,  per  unit  breadth 
and  unit  length  in  layer  No.  i,  from  the  outside  of  the  coU, 
c^  the  time  average  of  the  square  of  the  total  current  per 
unit  breadth,  and  a  the  thickness  of  the  layer. 
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A.  The  numerical  results  shown  in  the  table  have  been 
calculated,  and  the  accompanying  graphic  representation, 
Fig.  2,  drawn  for  me  by  Mr.  Magnus  Maclean. 
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9.  We  see  from  the  tabls  and  cnrvea  that  each  curve  has 
a  minimum  distance  from  tho  line  of  abecissaa,  and  that 
each  cornea  to  a  horizontal  asymptote,  parallel  to  the  line  of 
abscinae,  for  9  -  « .  By  looking  at  the  formula  we  see 
that  there  is,  in  fact,  an  inlinite  succession  of  minimums 
and  maximums  in  tiie  expression  for  6 ;  but  it  is  only  the 
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flnt  Tnitiimnni  and  following  maximum  that  loooni  within 
tlte  range  of  variation  of  d,  which  we  regara  as  sensible. 
In  the  ease  of  t  —  1  the  formula  gives  6  =  \it  tor  the  first 
_._.__.  ^g  curves  show  for  the  cases  of  t-3,  3,  4, 


reqwotively,  the  first  minimum  at 
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=  i\,  3,  and  2-6 


reapectively.  The  thickness  which  corresponds  to  9  »  '  is 
the  half-wave  length  of  the  electric  disturbance,  which, 
as  we  have  seen,  is  for  copper  2-244  centimetres  when  the 
frequency  of  the  alternations  is  f^O  periods  per  second,  and 
for  this  case,  therefore,  the  thicknesses  that  mve  minimum 

EineratiOD  of  heat  in  the  first,  second,  thiid,  and  fourth 
yers  are  respectively  11-22,  6'31,  4-21,  and  3-65  milli- 
metres. Anything  more  of  continuous  copper  than  these 
thicknesses  m  any  of  the  layers  would  be  not  merely 
ineffective  or  comparatively  ineffective,  but  would  m 
positively  anti-effective.  Even  with  so  small  a  thickness  as 
2-8  millimetres,  for  copper  and  frequency  80,  line  2  of  the 
table  (corresponding  to  a  sixteenth  of  the  wave-length) 
shows,  in  the  first,  second,  third,  and  fourth  layers  losses  of 
0-3  per  cent.,  2  per  cent,  6  per  cent,  and  10  per  cent  in 
excess  of  that  due  to  the  true  ohmio  reststance  of  the 
copper  were  it  all  effective.  When  the  size  chosen  for 
the  transformer  and  the  amount  of  output  required  of  it 
M«  sacl)  tbiit  9,  thickness  of  2|  millimetres  in  toe  direction 


perpendicular  to  the  layers  is  insufficient,  a  remedy  is 
to  ne  had  by  using  braided  wire,  or  twisted  strand,  with 
slight  insulation  of  varnish  os  whitewash,  crashed  or 
roUed  into  rectangular  or  square  form  of  the  desired 
thickness  and  breadth.  A  very  slight  resistance  betweaa 
the  different  wires  thus  crushed  together  would  sufSce  to 
cause  the  current  to  run  nearly  enough  full  bore  to  do 
away  with  any  sensible  loss  from  the  eause  which  forms 
the  subject  of  this  communication. 


ON  AN  ILLUSTRATION  OF  CONTACT  ELSCTBICITT 
PBESENTEDBT  THE  MULTICELLULAR  ELECTRO- 


BT  SIR  WH.  THOMSON. 
Contact  electricity  of  strong  metals  absolutely  removed 
from  possibility  of  chemical  action  is  a  subject  which  was 
formerly  much  discussed,  but  now  the  fact  of  that  kind  of 
action  is  thoroughly  admitted,  and  most  of  the  natural 
history  of  the  subject  is  pretty  well  known.  I 
have  not  to-day  to  add  to  the  knowledge  of  the 
subject,  but  merely  to  remark  titat  it  bnnga  out  a 
very  curious  feature  in  electrostatic  instruments,  in  illus- 
trating its  application  to  this  instrument  of  contact  elec- 
tricity. The  metals  in  question  are  Imus  and  aluminium. 
I  am  sorry  I  cannot  show  you  the  interior  of  the  instru- 
ment just  now,  but  a  sketch  will  probably  moke  it  under- 
stood. The  instrument  consists  m  a  multicellular  electn>- 
met«r.     In  ita  working  it  is  a  number  of  cells,    as  the 


designation  indicates,  with  a  needle,  or  a  number  of 
needles,  moving  under  the  influence  of  these  cells.  There 
are  SO  colls,  one  over  the  other,  and  we  will  repi«seat 
this  in  section. 

There  are  10  cells  acting  on  one  set  of  ends  and  10 
at  the  other.  The  needles  are  mounted  one  above  the 
other  on  a  stem  which  hongs  by  a  fine  platino-iridium 
wire,  The  principle  is  simply  this,  the  needle  is 
connected  through  its  fine  wire  with  the  outside  case 
of  the  instrument,  which  is  one  of  the  metals  betweea 
which  the  difference  of  potential  has  to  be  measured. 
The  other  metal  is  the  cells — this  pile  of  cells  and  the 
other  pile  of  cells  ore  metallically  connected.  Timy  are 
insulated  from  the  outer  case  of  the  instrument,  and  we 
have  a  binding  screw  here  connected  metallically  with  the 
cells :  and  insiHated  from  the  case  of  tbe  instrument  we  have 
another  binding  screw.  The  instrument  is  adapted  to 
measure  difierence  of  potential  ^tween  these  two  metals 
It  is  anal(^ous  to  the  quadrant  electrometer  with  ita 
needles  and  quadrants  used  as  two  bodies,  the  needle  con- 
nected with  tne  case  of  the  instrument  In  the  quadrant 
electrometer  contact  electricity  was  illustrated  by  making 
the  two  pairs  of  quadrants,  say,  of  dno  and  copper.  I 
have  noted  a  very  dinerent  manifestation  of  contact  electricity 
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presented  by  this  form  of  electrometer.  Let  us  suppose 
that  the  needles  and  the  cells  are  maintained  at  a  diffe- 
rence of  potential  of,  say,  100  yoHs,  this  instrument  before 
you  is  adapted  to  work  at  potentials  of  from  60  to  120 
volts.  If  the  needles  were  polished  aluminium  and  the 
cells  polished  aluminium  we  should  have  none  of  the 
difference  due  to  contact  electricity.  You  get  apparently 
100  and  ^  or  100^  when  the  needles  are  positive  and  the 
cells  negative ;  on  the  other  hand,  when  the  needles  are 
negative  and  the  cells  positive  you  set  99f,  the  mean  being 
correctly  100  volts.  I  anticipated  this  when  the  instru- 
ment was  hrst  made,  but  our  first  trials  of  all  first  instru- 
ments within  the  year  of  preparation  showed  such  effect 
to  a  degree  so  little  that  it  could  barely  be  perceived.  You 
could  beurely  see  ^  of  a  volt  difference.  We  made  more 
than  a  year  ago  a  great  many  careful  experiments,  and 
never  found  more  than  ^  of  a  volt  Quite  lately  my 
attention  was  recalled  to  this  by  my  former  assistant  Mr. 
Bennie,  now  of  the  Board  of  Trade  testing  laboratory 
which  has  lately  been  established  under  the  superintend- 
ence of  Major  Gardew.  He  found,  with  a  new  instru- 
ment recently  supplied  to  that  laboratory,  a  larger  difference 
of  just  about  the  amount  we  originally  expected.  I  have 
tried  new  instruments  since,  ana  found  it  much  greater 
than  in  the  earlier  trial  instruments.  The  explanation  is 
that  in  the  original  instruments  that  were  made  for  trial, 
with  pieces  of  metal  that  had  bioen  tossed  about  in  the 
laboratory,  and  with  needles  and  plates  unpolished,  the 
condition  of  surface  was  not  such  as  to^give  the  proper 
difference.  But  in  the  finished  instruments,  with  a  high 
polish  a  definite  difference  of  this  kind,  much  greater  than 
in  the  original  trial  instruments,  was  obtained.  I  received 
a  letter  this  morning  from  Mr.  Bennie  about  experiments 
on  an  electrometer  at  the  Board  of  Tnule. 

In  the  course  of  these  experiments  at  the  Board  of 
Trade,  extending  over  a  month  or  six  weeks,  and  made  at 
frequent  intervals,  there  were  doubled  differences  amount- 
ing from  '6  to  '6.  There  was  evidence  of  a  slight 
decrease  in  the  error,  and  it  is  not  at  all  improbable 
that  in  time  this  error  may  diminish  when  the  initial 
state  of  polish  may  have  become  toned  down.  I 
made  one  experiment  of  that  kind,  subjecting  an  instru- 
ment, just  as  it  stood,  both  cells  and  needles,  to  damping 
by  vapour  of  water ;  but  the  result  was  not  to  diminish 
the  differencOi  but  rather  to  augment  it.  But  exceedingly 
little  change  takes  place.  The  explanation  is,  of  course, 
that  polished  aluminium  is  positive  to  brass,  just  as  zinc 
is  positive  to  brass,  and  the  effect  is  of  the  same  kind 
as  would  be  observed  if  we  had  zinc  needles  and 
copper  cells,  the  form  of  contact  electricity  with  which 
we  are  most  familiar.  Let  us  suppose,  instead  of  being 
connected  to  a  battery,  a  metallic  connection  is  made 
between  the  cells  and  the  needles;  then  we  shall  have 
a  simple  contact  difference  between  aluminium  and  brass. 
A  direct  experiment  on  the  force  due  to  that  would  shotv 
no  result    Let  us  say  ^  volt  is  the  difference. 

The  force  due  to  this  difference  when  the  terminals  are 
metallically  connected  bears  to  the  force  due  to  it,  when  a 
difference  of  100  volts  is  maintained  between  them,  the 
ratio  of  (i)2  to  (100  -h  \y  -  lOO^,  or  approximately  1  to  800. 


Pirof.  FiUgendd  repeated  an  alread jr  published  warning  af^st 
inBtrumento  of  this  kind,  particularising  a  suard-ring  electro- 
meter, in  which  the  movable  part  was  of  aluminium,  and  the 
ffuard-ring  of  brass,  and  there  was  a  difference  of  potential 
Between  the  aluminium  disc  and  tlie  brass  euard-rinfif.  This 
disturbed  the  unifonnity  of  the  distribution  of  electricity,  and  in 
delicate  experiments  would  have  to  be  calculated  for.  It  would 
be  much  better  in  instruments  of  this  kind  that  the  parts  subject 
to  attraction  should  be  made  of  the  same  material. 


NOTES  ON  HIGH  VACUA/ 

BY  J.   SWINBURNE. 
L 

In  a  series  of  papers  on  "  Incandescent  Lamp  Manufac- 
ture," I  called  attention  to  the  great  superiority  of  the 
Geissler  to  the  Spiengel  form  of  mercury  pump.  Several 
kinds  of  Sprengel  pump  were  successively  connected  to  a 
Geissler,  and  both  were  worked  at  the  same  time.    The 
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Sprengel  invariably  stopped  taking  air  down  before  the 
Geissler ;  in  fact,  the  Geissler  never  stops.  It  acts  as  its 
own  McLeod  gauge,  and  never  indicates  a  perfect  vacuum. 
The  probable  reason  why  the  merits  of  the  Geissler  have 
been  so  underrated  is  that  >it  needs  the  greatest  care  in 
securing  perfect  dryness  of  the  bulb  and  valve.  Not  only 
will  traces  of  water  vapour  condense  under  the  floating 
valve  instead  of  lifting  it  and  going  through,  but  it  is  pro- 
bable air  does  so  too.  About  a  century  ago  Davy  showed 
that  if  the  mercury  were  allowed  to  run  up  gently  in  an 
imperfect  Torricellian  vacuum,  a  bubble  was  left ;  but  if 
allowed  to  rise  suddenly,  it  indicated  a  perfect  vacuum, 
the  air  being  condensed  agidnst  the  glass.  In  the  lamp 
papers  I  described  a  form  of  pump  which  avoids  difficulties 
due  to  small  condensations,  xhe  main  bulb  discharges  into 
a  small  chamber  sealed  by  a  little  Y  tube,  so  that  a  pressure 
of  1/100  A  would  move  the  mercury.  This  chamber 
exhausts  into  a  larger  globe,  exhausted  mechanically,  and 
sealed  by  a  floating  valve.  The  small  chamber  is  thus  as 
thoroughly  exhausted  as  an  ordinary  pump  can  pump  it ; 
but  the  pump  proper,  exhausting  into  high  vacuum, 
can  thus  work  better.  The  condensed  air  and  water 
cannot  expand  back  into  it.  It  is  thus  really  a  double 
pump,  or  two  mercury  pumps  in  series.  The  only  draw- 
back is  that  it  needs  some  pressure  to  open  the  first  valve 
or  seeding,  so  that  there  might,  after  ail,  be  some  conden- 
sation under  it.    I  have  latSy  devised  and  used  a  pump 


Fid.  2. 


made  as  follows :  A  is  the  bodv  or  chamber  of  the  pump 
proper.  This  exhausts  into  tne  small  chamber  B,  sealed 
by  the  valve  G,  and  this  exhausts  into  the  chamber  G, 
sealed  by  the  floating  valve  H.  G  is  connected  to  a  reser- 
voir and  mechanical  air  pump.  The  valve  0  has  a  long 
thin  glass  rod  passing  down  through  A  into  the  lower  tube, 
which  acts  as  a  guide.  A  loose  sleeve,  F,  is  strung  on  this 
rod.  There  is  a  swelling  at  E  which  fits  the  lower  end  of 
the  sleeve,  and  is  small  enough  to  pass  through  the  neck 
in  putting  the  pump  together.  When  the  mercury  rises 
in  the  globe  A  it  Ufts  the  sleeve  till  the  lower  end  catches 
on  E,  which  closes  it.  The  merciuy  rises,  and  floats  the 
sleeve,  thus  lifting  the  valve  0.  The  mercury  that  sealed 
G  then  runs  out,  and  there  is  a  clear  passage  through  into 
B;  so  no  condensation  takes  place  in  A.  The  mercury 
rises  till  it  floats  H.  When  it  mils,  the  valve  G  acts  again, 
for  the  mercury  has  filled  the  sleeve,  F,  over  the  top,  and  G 
is  heavy  enougn  to  sink  the  sleeve  and  rod  when  the  sleeve 
is  full  of  mercury.  I  have  tried  electromagnetic  and  other 
arrans^ements ;  but  this  is  the  best  as  far  as  I  have  gone. 

When  using  a  pump  it  is  best  not  to  let  air,  and  perhaps 
moisture,  run  through  it  more  than  can  be  helped.  By  the 
use  of  a  sort  of  syphon  it  is  possible  to  seal  on  new  work  to 
be  exhausted  without  letting  the  air  pressure  into  the 
pump. 

The  point  K  is  the  barometric  height  at  which  the  mer- 
cury normally  stands  in  the  tube,  R.  There  is  then  a  clear 
passage  between  L,  which  is  connected  to  the  tubes  to  be 
exhausted,  and  M,  which  goes  to  the  drying  tubes  and 
pump.  When  a  tube  has  been  sealed  off  and  a  new  one  is 
to  be  put  on,  the  mercury  reservoir  at  the  foot  of  the 
arrangement  is  raised  so  that  the  bulb  N  is  filled.  A  tap 
at  th^  foot  of  the  tube,  B,  is  closed  and  the  vacuum  in  L  is 
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broken.  The  mercury  then  runa  up  to  the  new  barometric 
height,  P.  The  new  tube  is  then  sealed  on  and  exhausted 
by  a  mechanical  pump,  the  connection  being  then  sealed 
off.  ^  The  mercury  in  the  long  tube  then  stands  only  half 
an  inch  or  so  above  that  in  N,  and  on  opening  the  tap 
at  the  foot  of  R,  the  communication  is  made  again  to 
the  pump.  The  small  bulb,  O,  and  the  trap  at  the  top 
are  to  prevent  a  plug  of  mercury  from  going  round  into 
the  phosphoric  tubes. 

The  pump  is  driven  by  water  so  as  to  be  self-acting,  and 
can  be  left  running  for  any  length  of  time.  Those  who 
have  worked  much  with  mercury  pumps  will  realise  the 
value  of  this.  Nothing  makes  one  feel  the  futility  of  life 
more  than  to  exhaust  something  by  hand  which  cracks  at 
the  last  stage,  when  five  hours  of  me  have  been  ticked  ofi. 

n. 

In  the  same  papers  on  lamp  making  I  urged  that  the 
methods  of  measunng  high  vacua  were  inaccurate  and  com- 
pletely misleading.  The  McLeod  gauge  and  the  induction 
coil  are  usually  relied  on  for  testing  vacua.  In  incandescent 
lamp  work  the  induction  coil  is  almost  exclusively  used. 
With  the  test  by  induction  sparks,  I  have,  at  present^ 
nothing  new  to  add^  and  will  confine  myself  to  the  McLeod 
gauge.  In  measuring  vacua  with  this  gauge  it  is  assumed 
that  the  mercury  itself  has  no  vapour  tension:  The  vapour 
tension  of  mercury  has  been  given  b^  Begnault  as  about 
50  millionths  of  an  atmosphere.  If  it  is  anvthing  like  this, 
of  course  a  vacuum  of  one  millionth,  or  of  '005  millionth, 
as  some  experimenters  profess  to  have  reached,  is  absurd. 
When  discussing  this  subject  at  the  Society  of  Arts  after 
Dr.  S.  P.  Thompson's  well-known  paper  on  ''Mercury 
Pumps,"  Prof.  Ramsay  gave  *25  millionth  of  an  atmosphere, 
or,  as  I  shall  write  it  shortly,  *25M.,  as  the  vapour  tension 
of  mercury  at  ordinary  temperatures. 

The  whole  action  of  a  pump  is  consistent  with  a  vapour 
tension  of  from  25M.  to  50M.  A  Geissler  does  not  reduce  the 
pressure  in  geometrical  progression ;  but  when  it  gets  a  good 
vacuum  it  takes  out  very  Uttle  air  each  stroke,  worked  fast, 
and  much  more  if  worked  slowly.  This  looks  as  if  when 
the  tension  of  mercury  vapour  was  nearly  reached,  the  air 
taken  out  at  each  stroke  was  what  diffused  into  the  mercurv 
vapour.  This  would  also  explain  whv  a  Geissler,  whicn 
goes  on  long  after  a  Sprengel  stops,  does  not  so  readily 
make  a  sparUess  tube.  A  Sprengel  stirs  up  the  mercury, 
and  gives  the  tube  being  exhausted  more  chances  of  getting 
filled  with  mercury  vapour,  irhich  is  a  non-conductor. 
This  also  explains  why  so  many  experimenters  get  better 
vacua  with  hot  mercury.  Of  course  a  new  pump  should 
be  heated  to  get  the  moisture  off  the  glass,  but  not  when  it 
is  in  ordinary  use. 

To  test  this  more  directly  I  attached  two  McLeod  gauges 
to  the  same  pump.  They  communicated  till  a  fair  vacuum 
was  reached.  One  was  then  sealed  by  raising  the  mercury 
past  the  elbow  tube.  The  gauges  were  allowed  to  com- 
municate by  lowering  the  mercury  every  now  and  then, 
and  it  was  always  lowered  before  taking  a  reading.  By 
this  arrangement,  when  the  pressure  was  reduced  nearly  to 
the  vapour  pressure  of  mercury,  one  gauge  might  have 
little  but  mercury  vapour,  and  show  a  good  vacuum ;  while 
the  other  had  air  at  the  same  pressure,  and  showed  a  pres- 
sure equal  to  the  vapour  tension  of  mercury,  or  nearly  so. 
The  gauges  are  graduated  by  finding  p  v  corresponding  to 
one  millionth  of  an  atmosphere,  and  graduating  accordingly. 
The  pressure  in  millionths  is  then  the  product  of  the  reading 
on  the  closed  tube  and  the  difference  in  the  column.  Each 
reading  is  thus  readily  taken  at  several  pressures  to  make 
sure  there  is  no  condensation  of  any  vapours  or  gases. 
The  readings  obtained  varied  in  an  extraordinary  way. 
When  the  exhaustion  was  carried  so  far  that  the  open  gauge 
registered  2M.  or  3M.,  the  closed  registered  from  20M.  to 
GOM.  The  least  difference  in  temperature  seems  to  make 
a  large  difference  in  the  readings.  In  some  cases,  when  the 
vacuum  was  still  low,  the  open  gauge  was  heated  till  the 
mercury  sputtered,  and  condensed  about  the  bulb.  The 
bulb  was  then  warmed  to  evaporate  the  mercury  and  drive 
all  the  air  out,  and  the  elbow  tube  sealed  by  raising  the 
mercury.  When  the  gauge  was  cool  both  were  unsealed 
and  readings  taken.  The  gauge  that  had  been  warmed 
sometimes  gave  IM.  a^nst  no  less  than  ^30M,  in  the  Qthq^, 


Ten  minutes'  connection  generally  brought  the  readings 
equal.  Obviously  the  movement  of  the  air  need  not  depend 
on  diffusion  only ;  for  a  very  small  difference  of  temperature 
would  cause  mercury  to  evaporate  in  one  gauge  and  con- 
dense in  the  other,  driving  the  air  with  it. 

I  made  a  gauge  with  an  alloy  of  about  equal  parts  of 
potassium  and  sodium,  which  is  liquid  at  ordinary  tempera- 
tures. It  would,  of  course,  absorb  an^  mercury  vapour, 
and  has  probably  a  low-vapour  tension.  It  was  very 
troublesome,  for  it  could  not  be  exposed  to  the  air  for  a 
moment,  and  heavy  hydrocarbons  would  prevent  the 
pump's  working.  The  alloy  always  gets  some  moisture, 
and  gets  coated  with  a  thin  film  of  oxide  which  prevents 
drops  from  uniting,  and  they  can  only  be  run  together  by 
heating  under  a  hydrocarbon  of  low  boiling  point  I 
eventually  got  the  gauge  fitted  up,  but  the  alloy  acted  on 
the  film  of  moisture  on  the  glass,  and  the  bubbles  formed 
seemed  to  drive  plugs  of  it  about  It  has  a  very  low 
specific  gravity,  and  pistons  of  it  began  to  stray  about 
inside  the  pump,  and  I  was  afraid  they  might  get  to  the 
mercury,  and  by  combining  explosively,  smash  the  pump, 
so  the  experiment  was  abandoned.  In  one  experiment  a 
plug  did  wander  into  the  tube,  R,  and  cracked  it 

Fusible  alloy  was  next  tried.  It  worked  better,  but  the 
vapours  of  some  sulphur  that  was  used  to  tarap  any 
mercury  vapour  blackened  the  surface,  and  only  two  read- 
ings were  obtained.  These  gave  a  pressure  of  only  13*5M. 
as.the.vapour  tension  of  mercury. 

Whether  it,  is:  really  13M.  or  50M.  is  of  comparativelv 
little  importance;  but  there  seems  to  be  quite  enough 
evidence  that  the  readings  of  *01M.,  and  higher  vacua  that 
have  beien  given,  are  inaccurate  to  the  extent  of  some 
hundreds  of  thousands  per  cent  This  is  important  in  many 
investigations  pursued  by  means  of  mercury  pumps,  for 
instance,  experiments  on  the  *' Fourth  State  of  Matter." 
The  question  is  also  important  iu  lamp  making,  as  it  shows 
that  better  vacua  are  possible,  and  they  may  be  an  advan- 
tage. I  do  not  know  whether  pumps  worked  with  alloy 
of  sodium  and  potassium  will  ioome  into  commercial  use. 


FRITSCHE  COHBIIUD  INCANDBSCEMT  AND  ABC 

LIGHT  PLANT. 


It  may,  perhaps,  be  of  interest  to  ^ive  a  few  details  of  a 
combined  incandescent  and  arc  MAt  installation  which  has 
been  put  down  by  the  firm  of  Fritsche  and  Pischon,  in 
Berlin,  for  the  Duisburg  Engineering  Works,  Limited. 

The  steam  engine  is  of  the  horizontal  single-cylinder  type, 
without  condensation,  manufactured  by  the  Karlsruher 
Maschinenfabnk,  and  gives  about  37  actual  h.p.  at  180 
revolutions  per  minute.  A  Fritsche  patent  wheel-armature 
dynamo,  Fig.  I,i8  used,  and  by  a  so-called  cross- joint  coupling 
it  is  coupled  direct,  in  order  to  allow  for  a  small  mutual 
displacement  of  the  shafts.  Both  machines  are  very  satis- 
factory in  running.  The  accompanying  cut  gives  a  general 
view  of  the  new  wheel-armature  dynamo  (without  copper 
in  the  armature),  in  which  the  arrangement  of  the  brushes 
may  be  seen  clearly  on  the  periphery  of  the  armature. 

The  switchboard  is  ot  somewhat  remarkable  con- 
struction. The  shunt  regulator,  as  shown  in  Fig.  2, 
has  its  resistance  coils  formed  by  nickelin  wires,  which 
are  fastened  on  porcelain  insulators  on  a  cast-iron  frame, 
the  construction  being  hidden  by  an  eljQgant  decorative 
cover  of  perforated  sheet  iron.  Nickelin  is  a  kind  of  German 
silver,  composed  of  23  per  cent  Ni,  54  per  cent  Cu,  20  per 
cent.  Zn,  1  per  cent  Fe,  0*5  per  cent  mang.,  specific  resist- 
ance-=0-4117. 

The  construction  of  the  switchboard  is  given  in  Figs.  3 
and  4.  The  two  main  collecting  bars,  an  ampere-meter  and 
a  voltmeter  are  mounted  on  a  cast-iron  tablet  with  wrought- 
iron  rails,  and  insulated  therefrom  by  pieces  of  vulcanised 
indiarubber,  so  that  the  whole  switchboard  becomes 
extremely  simple,  simplicity  having  been  the  principal  aim 
in  the  design  of  the  machinery.  As  there  are  no  belts  for 
driving  the  dynamos,  the  usual  sliding  arrangements  became 
superfluous,  and  the  dynamos  could  be  mounted  on  a  rigid 
stone  foundation  like  the  steam  engine.  Contrary  to  other 
larger  installations,  where  the  number  of  regulating  and 
controlling  apparatus  increases  far  beyond  proportion  to 


THE  ELECTRICAL  ENGINEER,  SEPTEMBER  12,  1890.       2l7 


the  number  of  lamps,  the  plant  in  question  for  38  arc 
Umps  (6  amperei),  one  arc  lamp  (9  amperei),  and  about 
1 35  f;low  lamps,  ul  of  vhich  are  not  bimting  at  one  time, 
requires  but  a  sicall  switchboard  with  only  two  measuring 
inatnimentt,  owing  to  the  particular  arrangement  of  the 
distributing  wire  lystem. 

The  dynamo-room  is  situated  about  30  yards  from  one 
end  of  the  workshop  building  (136  yards  in  length),  so  that 
the  distance  between  dynamo  and  remotest  lamp  amounts 
to  160  yards. 

The  quantity  of  light  required  for  the  central  part  of  the 


This  condition  is  falfilled  b^  several  feeders  mnnin^  from 
the  collecting  bars  on  the  switchboard  to  different  points  of 
the  ring  circuit,  at  equal  distances  from  each  other  (ring 
system  of  Fritsche).  For  this  ring  circuit  (360  yards 
length)  four  positiTo  and  four  negative  feeders  are  pro- 
vided, and  the  same  number  of  controlling  wires  are  run 
from  the  feeding  joints  back  to  the  voltmeter  at  the  gene- 
rating station,  in  order  to  ensure  an  efficient  regulation 
and  control  of  the  F.D.  in  the  ring  circuit 

The  arc  lamps  burn  veir  steadily  in  spite  of  the  varying 
load,  and  their  38  regulating  resistaocfls  are  all  alike,  as  the 


spacious  building,  which  serves  as  fitting-room,  while  both 
sides  are  reserved  to  the  mechanics,  changes  considerably ; 
besides  there  being  a  relatively  large  number  of  arc  lamps, 
it  would  have  been  found  very  inconvenient  to  join  each 
arc  circuit  separately  to  the  switchboard,  and  also  the 
numerous  lengths  of  wire  between  machine-bouse  and  work- 
shop would  have  given  rise  to  troubles  of  all  kinds.  These 
inconveniences  have  been  overcome  by  running  a  closed 


Fio,  1,— ?ritKilie  DTiimnia,  Withoat  Copper  in  Annfttan. 

arc  lights  are  fixed  at  eqi^  distances,  so  that  it  is  not 

necessary  to  regulate  each  of  them  for  its  special  circuit. 

A  comparison  between  the  plant  as  here  aeecribed  and 


Fio,  3.— Aitaeha  Switeliboud.- 
an  installation  of  five  or  six  years  ago,  where  glow  lamps 
and  arc    lamps  were  run  from    sepaivta  mauiinea  (for 


Fio.  2.— Shmit  B^^tor, 

ring  circuit  of  bare  stranded  copper  wire  on  insulators  out- 
side the  central  port  of  the  building,  providing  several 
connections  on  both  sides  into  the  interior.  Botii  incandes- 
cent and  arc  circuits  are  branched  ofi  this  ring  circuit 
through  suitable  fusee. 

On  account  of  an  existing  installation,  which  is  to  run 
temp(»:arily  from  the  new  dynamo,  and  ^ao  for  economical 
reasons,  the  dynamos  are  wound  togive  a  pressure  of  70  volts 
at  their  teiminals,  so  that  each  arc  lunp  has  its  separate 
drcait,  and  may  be  turned  on  or  off  qmte  independently 
of  all  the  others.  A  steady  working  of  such  an  arrange-  instance,  six  arc  lamps  and  100  glow  lamps  required  lour 
ment  necessitates  a  very  constant  P.D.  on  all  points  of  the  dynamos)  shows  the  great  progress  electric  lighting  has 
ring  circnit^  this  P.D.  only  varying  within  very  close  limits.  |  made  since  then. 


Fio.  4. — ScotdoD  of  Switdhbosid. 
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Paper  that  we  know  ever  refuses  Subaeribera  or  Advertiaera.  Nor 
do  we ;  in  fact,  we  i/iwUe  them,  believing  that  they  will  get  full 
Vfduefor  their  motiey. 

Specimeth  copiea  of  the  paper  wiU  be  aetU  on  request. 


PROSPECTIVE  AND  RETROSPECTIVE. 

The  British  Association  meeting  at  Leeds  has 
come  and  gone.  In  attendance  it  has  not  been  so 
successfal  as  some  previous  meetings^  in  papers  and 
discussions  there  has  been  the  usual  luxuriant  crop, 
good,  bad,  and  indifferent.  We  shall  not  now  attempt 
to  estimate  the  value  of  the  electrical  papers,  that 
will  be  better  done  after  the  papers  are  before  our 
readers. 

Next  year  the  association  meets  at  Cardiff  as 
early  as  the  19th  August,  under  the  presidency  of 
Dr.  Huggins,  while  the  following  year  the  meeting 
is  to  be  at  Edinburgh.  One  of  the  features  of  the 
last  day's  work  during  any  meeting  is  the  confirma- 
tion of  the  grants  recommended  by  the  committee. 
We  cannot  help  thinking  that  the  work  of  the 
various  investigators  to  whom  grants  are  allowed 
forms,  if  not  the  most  valuable,  at  least  one 
of  the  most  valuable  features  of  the  association. 
The  reports  obtained  are  frequently  of  a  biblio- 
graphical character,  and  give  in  a  small  compass  the 
references  necessary  to  trace  the  development  of 
that  particular  phase  of  scientific  work  about  which 
the  report  is  made.  Electrical  science  especially 
has  much  cause  to  thank  the  British  Association. 
It  was  due  to  its  action  that  the  question  of  units 
was  considered,  and  to  a  certain  extent  settled.  It 
is  due  to  its  action  that  the  history  of  the  B.A. 
standards  is  being  written,  and  annually  we  hear  of 
any  changes  that  may  have  occurred  in  the  standards. 
The  constant  supervision  of  standards  thus  carried 
on,  however,  not  only  gives  information  about 
them,  but  incidentally  is  throwing  light  upon 
the  action  of  time  upon  the  various  materials 
employed.  The  amount  of  the  grants  this 
year  towards  electrical  objects  is  £115  out  of  a  total 
of  £1,335  granted,  though  there  are  several  com- 
mittees appointed  to  report  upon  such  subjects  as 
"  Magnetic  Observations,"  "  Electro  Optics," 
"  Silent  Discharge  of  Electricity,"  which  do  not 
receive  grants  of  money. 

The  early  time  at  which  the  Cardiff  meeting  is  to 
be  held  is  not  likely  to  become  a  precedent,  for  the 
general  committee  refer  to  the  council  the  proposi- 
tions ''  that  it  is  desirable  to  fix  the  meeting  two 
years  in  advance,  and  to  bear  in  mind  that  the  latter 
end  of  September  is  the  most  convenient  time  " 
for  each  meeting.  Many  members  think  the 
beginning  of  September  on  the  whole  preferable. 
The  holidays  of  those  engaged  in  coUegiate  work 
may  be  somewhat  interfered  with,  but  for  the  bulk 
of  members  the  work  of  the  winter  commences  about 
the  end  of  September,  and  with  many  in  the  middle 
of  September.  However,  the  time  of  meeting  should 
simply  be  that  most  convenient  for  the  majorityi 
and  if  the  majority  prefer  the  end  of  September  there 
is  nothing  more  to  be  said. 

A  modification  of  the  method  of  admission  to  the 
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general  committee  might  be  suggested  to  the 
council.  All  aminal  subsoribers  of  oyer  five  or 
over  ten  years'  standing,  and  all  life  members,  should 
be  placed  on  the  general  committee  without  applica- 
tion or  other  formality.  It  goes  without  saying  that 
a  member  who  becomes  a  life  member,  or  who 
continues  his  subscription  from  year  to  year  for  a 
number  of  years,  conclusively  skews  his  interest  in 
scientific  progress,  and  his  opinion  is  as  valuable  in 
matters  of  organisation  as  that  of  the  newly-fledged 
professor,  whose  claim  is  his  professorship  or  the 
contribution  of  a  few  papers. 

Another  proposition  referred  to  the  council  relates 
to  the  desirability  of  a  more  *'  full  and  expeditious  pub- 
lication of  papers  with  reports  of  discussions  upon 
them."  This  is  a  double-barrelled  gun,  which,  no 
doubt,  the  council  will  quietly  shelve.  The  Proceed- 
ings now  form  a  very  thick  volume,  and  to  increase 
its  size  to  any  great  extent  would  necessitate  a  pub- 
lication of  two  volumes  at  an  increased  cost  to  the 
association.  Its  earlier  publication  is  a  much 
simpler  matter,  and  eminently  desirable.  One  of  the 
recent  secretaries — ^was  it  not  Mr.  J.  E.  H.  Gordon  ? — 
tried  all  he  knew  to  hurry  the  publication  of  the 
Proceedings^  and,  unless  rumour  is  mistaken,  his 
efforts  were  only  paridaUy  successful,  and  this 
want  of  success  was  due  entirely  to  the  big- 
wigs contributing  desultory  papers  and  not 
famishing  the  necessary  abstract  or  the  paper 
to  the  secretary.  It  is  supposed  that  all 
papers,  or  abstracts,  shall  be  in  the  hands  of  the 
secretary  at  the  close  of  the  meeting,  and  the 
sections  try  to  fall  in  with  this  good  intention.  But 
reports  are  not  finished  at  the  time  of  reading ;  they 
have  to  be  finished,  and  the  secretary  gets  them  as 
best  be  may.  It  is  not  impossible  to  indicate  the 
principal  culprits,  though  naught  would  be  gained 
by  so  doing.  Again,  time  is  lost  when  a  discussion 
is  recommended  to  be  printed.  Those  who  took 
part  in  the  discussion  have  to  write  out  their 
remarks,  or  supposed  remarks,  for  the  discussion  as 
it  appears  in  the  official  print  is  as  little  like  the 
real  discussion  as  stick  is  to  stone.  It  may  be  taken 
for  granted  that  every  section  is  fairly  reported  in 
the  technical  press  reporting  that  section,  so  that 
the  uecesoity  for  the  papers  in  ftill  with  the  discus- 
sion in  the  Proceedinga  is  not  so  apparent.  The 
reports  in  the  technical  press  are  generally  com- 
pleted within  about  a  month  of  the  meeting, 
fiax  sooner  than  the  Proceedings  could  possibly  be 
issued. 

In  the  present  article  we  can  only  refer  casually 
to  the  subject  of  accepted  papers.  These  con- 
tain too  great  a  leaven  of  pure  advertisements. 
In  one  glaring  case  this  year,  in  Section  G,  an 
apparatus  was  described  that  was  partly  patented 
fifteen  years  of  so  ago.  It  has  long  been  an  article  of 
commerce,  and  has  been  described  again  and  again 


in  the  technical  papers.  The  reason  why  the  paper 
was  sent  to  the  British  Association  is  palpably 
evident,  and  should  have  procured  its  rejection.  It  is 
extremely  difficult  to  draw  the  line  when  recent 
applications  are  described,  but  there  ought  to  be  no 
difficulty  with  things  five,  ten,  or  fifteen  years  old. 
One  paper  of  this  kind  does  more  harm  than  twenty 
[good  ones.  The  British  Association  is  not  a  medium 
to  obtain  a  cheap  and  effective  advertisement,  and 
if  men  want  to  advertise  their  old  wares,  they 
should  be  politely  told  to  do  so  at  their  own  expense 
in  the  usual  way. 


BATH. 

It  is  perhaps  better  to  give  the  causes  of  the 
difficulties  that  have  been  noticed  and  commented  on 
at  Bath  than  to  leave  the  matter  in  doubt.  At  least 
that  is  the  opinion  of  our  correspondents,  one  of 
whom  has  placed  the  facts  before  us,  which  are  as 
follows : 

"  The  arc  lamps  were  most  unsteady  between  10 
and  11  p.m.,  August  30th,  the  cause  being  the 
engineer-in-charge  had  allowed  his  steam  to  drop 
from  ISOib.  to  1081b.-;-the  dynamos  being  slowed 
down  until  the  blowing  arrangement  (Thomson- 
Houston)  ceased  to  act,  the  sparks  flashing  round 
the  commutator. 

"  On  Sunday  evening,  August  31st,  all  the  glow 
lamps  were  out  from  8  p.m.  for  the  remainder  of  the 
evening.  Forty-eight  of  the  street  arc  lamps  were 
out  from  8.45  to  12,  all  the  steeet  arcs  (some  88  in 
number)  being  out  from  11  to  12  p.m. 

"I  met  the  police  going  into  the  station  to  report 
*  lamps  out,'  and  went  in  with  them. 

"The  station  was  in  a  state  of  semi-darkness,  the 
men  having  to  work  the  best  way  they  could  with 
two  smoky  paraffin  lamps  and  three  or  four  candles. 

"  The  stoppage  was  due  to  an  inability  to  get 
water  into  the  boilers. 

**  The  injectors  have  been  in  a  state  of  general 
uselessness  for  about  a  month  or  six  weeks. 

"The  engineer  was  depending  entirely  on  one 
little  donkey-pump  for  the  feed-water,  and  the  suc- 
tion-pipe of  this  pump  got  januned  up  with  a  piece 
of  spun-yam  about  the  size  of  your  fist. 

"  There  was  no  rose  fitted  to  the  end  of  the  suction- 
pipe,  and  no  covers  to  the  tanks  from  which  the 
feed-water  was  drawn." 

Our  correspondent  noticed  all  the  high-tension 
fuses  and  switches  fitted  only  a  few  feet  from  the 
ground,  and,  as  yet,  totally  uncovered  or  protected 
in  any  way,  while  boys  aged  from  14  to  16  are 
engaged  from  6  to  12  p.m.  to  work  the  rheostat  in 
the  exciter  circuit,  and  sit  within  a  foot  of  all  this 
improtected  gear. 

It  is  quite  natural  to  want  to  commence  running 
directiy  it  is  possible,  and  too  frequentiy  the  few 
final  touches  are  "procrastinated"  as  soon  as 
running  conmienoes— hence  troubles.  This  seems 
the  case  at  Bath,  otherwise  covers  to  tanks,  and 
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protectors  to  switches,  most  certainly  ought  to  be 
provided  and  in  place. 


TESTING  IRON.* 

BY  J,    SWINBUR.NK   AND    W.    F.    BOURNB. 

In  pntcUcal  work  iron  has  to  be  tasted  as  to  it«  perme- 
ability and  aa  to  the  loss  by  hystorasis,  Ab  regards  perme- 
ability tests,  the  ordinary  buliatic  ^vanometer  method 
can,  of  course,  be  used ;  but  a  ballistic  galranomster  ia  not 
a  conrenient  instrument,  and  the  method  is  too  slow  for 
practical  use.  It  may,  therefore,  be  of  interest  to  describe 
the  apparatus  we  use  commeroially.  It  ia  the  development 
of  a  method  devised  in  1886.  (See  PhU.  Mag.,  July,  1887.) 

The  vsriouB  samples  of  iron  are  obtained  in  the  form  of 
wire,  made  up  into  rings,  being  wound  on  a  former  kept 
for  the  purpose,  so  that  all  the  rings  are  alike  as  to  dimen- 
sions. Before  windine,  the  specific  gravity  of  the  iron  is 
taken  by  weighing,  and  the  specific  resistance  is  measured. 
The  ring  is  weighed  to  get  the  volume  of  iron,  and  is  then 
wonnd  with  suitable  primary  ai)d  aecond&ry  wires. 

The  arrangement  is  shown  dit^^rammatically  in  the 
annexed  figure : 


The  circuit  from  secondary  cells  is  led  through  an 
adjustable  reeistance,  then  through  an  ammeter  to  a  com- 
mutator, resembling  Brillonin'^  which  is  driven  by  a  belt 
from  any  shafting  that  maj  he  near.  The  circuit  is  led 
through  the  primary  to  an  induction  box  to  the  ring  under 
test,  and'  thAn  back  to  the  commutator;  The  circuit  ia  then 
led  back  to  the  cells.  The .  induction  box  consiats  of  a 
primary  collf  statidiag  on  end,  and  a  nuniber  of  secondary 
coils  arranged  so  that  the  mutual  induction  ia  the  same  for 
all  of  them.  The  secondary  coils  are  led  to  buttons,  and 
the  switches  include  them  by  ones  or  tens,  making  the 
readings  in  steps  of  one  per  cent  of  the  highest  The 
primary  of  the  sample  ring  is  in  series  with  that  of  tito 
induction  box.  The  secondaries  are  coupled  so  as  to  oppose 
each  other,  and  arranged  in  circuit  with  a  second  commu- 
tator; a  Varley,  or,  as  it  is  more  often  called,  a  Deprez- 
d'Arsonval  galvanometer,  being  inserted  in  the  circuit. 
The  two  commutators  are,  of  course,  on  the  same 
spindle.  The  adjustment  of  the  induction  box  was  carried 
out  as  follows  :  The  coils  were  roughly  calculated  to  give  a 
mutual  induction  a  little  in  excess  of  a  convenient  round 
number  per  turn  of  secondary.  A  cylinder  of  a  known 
diameter  with  a  known  number  of  tuma  per  centimetre  in 
the  primary  and  a  known  number  of  turns  in  the  pilot  coil 
was  taken,  and  put  in  the  place  of  the  sample  ring,  and  its 
mutual  induction  measured  with  the  induction  box.  To 
allow  for  the  error  due  to  the  shortnees  of  the  cylinder  of 
the  standard  coil,  it  was  slipped  out  of  the  pilot  coil,  and 
moved  exactly  half  its  length  in  a  direction  along  ite  axia 
and  a  new  reading  taken.  This  reading  gave  the  error  due 
to  the  ends  of  the  cylinder.  A  shunt  was  then  put  across 
the  primary  induction  box,  so  as  to  make  the  readings  come 
out  in  microhenrys. 

To  test  a  sample  of  iron  all  that  is  necessary  is  to  alter 
tiie  mutual  induction  by  steps,  and  to  bring  the  galvano- 
meter to  zero  for  each  step  by  means  of  the  adjustable 
rasistance.  As  the  galvanometer  is  dead-beat,  the  readings 
can  be  taken  in  a  few  minutes. 

The  importance  of  loss  by  hyeteresia  in  alternate-current 
work  is  only  now  beginning  to  be  fully  realised.    There 
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are  several  ways  of  meaanring  the  loss  in  transformerB,  but 
none  of  Uiem  seem  satisfactory.  Sometimes  the  trans- 
former is  put  in  a  calorimeter,  or  else  it  ia  assumed  that 
the  pressure  and  even  the  exciting  current  vary  harmoni- 
cally, and  have  a  sCH^alled  "  angle  of  lag."  The  published 
efficiencies  of  most  transformers  are  got  oy  finding  the  loss 
from  the  copper  resistances,  and  neglecting  the  loes  in  iron 
altogether.  There  is  still  another  method,  and  that  is 
taking  the  curves  of  pressure  and  currant.  Prof.  Byan  has 
been  singularly  successful  in  this  with  a  modification  of 
Joubert's  method. 

Testa  of  transformers  by  means  of  lag  an^es  and  calori- 
meters have  been  published  by  Profs.  Ferrans  and  Ayrton, 
end  Major  Cardew.  As  the  loss  in  a  transformer  can  be 
divided  into  the  loss  in  the  copper  which  varies  as  the 
square  of  the  load,  and  the  loes  in  the  iron  by  hysteresis 
and  Foucault  currents  which  remains  constant,  these  results 
can  be  checked.  The  results  pubhshed,  as  obtained  by  these 
fflcperimenteis,  show  inaccuraciee  that  make  them  quite 
valueless.  The  loss  in  the  iron  in  Prof.  Ayrton's  erperi- 
ments  varies  IGO  per  cent  of  its  smallest  valuei  while  Prof. 
Ferraris's  cores  give  out  power  workiiig  as  refrigerators. 
(See  article  "  On  Induction  aiid  Other  Ihings,"  EUctrieal 
Review,  October,  1887.) 

There  is  really  little  reason  for  measuring  the  loss  in  a 
transformer ;  it  is  much  simpler  to  measure  the  lose  in  the 
iron.  No  one  would  think  of  measuring  the  loss  in  the 
copper  by  means  of  a  calorimeter  or  angle  of  lag  method. 
All  that  is  needed  is  to  measure  the  efiectivo  current  and 
multiply  its  square  by  the  resistance,  the  resistance  being 
determined  from  the  specific  resistance  of  copper,  or  by 
direct  measurement  Similarly,  in  the  case  of  the  iron,  it 
is  best  to  determine  the  qualities  of  the  iron  once  for  all, 
and  then  the  efficiences  of  all  transformers  made  of  it  can 
be  foretold. 

We  use  the  same  rings  as  for  the  permeability  test,  but 
do  not  eo^loy  the  sacondaiy  wires.  The  loss  of  power  al 
various  frequencies  and  inductions  is  taken  witJi  a  watt- 
meter. It  is  sometinles  supposed  that  a  wattmeter  cannot 
be  made  with  little  enough  self-induction  to  read  accurately. 
If  there  is  much  self-induction  in  the  pressure  or  shunt 
circuit,  the  reading  will  be  lower  than  that  with  a  direct 
current  if  there  is  no  self-induction  in  the  circuit  in  which 
the  waste  of  power  is  to  be  measured ;  but  if  the  current 
is  behind  the  pressure,  as  in  measuring  the  loss  in  iron, 
the  wattmeter  may  even  read  too  high.  We  therefore 
designed  a  special  instrument,  which  was  made  for  us  by 
pupils  of  the  London  College  of  Electrical  Engineers.  The 
current  coils  are  fixed,  and  the  moving  coil  ia  suspended  by 
a  fine  wire,  with  a  fine  spring  at  the  foot,  to  take  the 
electricity  out  i^ain.  The  moving  coil  has  few  turns  and 
little  seu-inducdon,  and  a  large  non-ductively  wound 
reeistancn  is  in  series  with  it  This  wattmeter  can  be  read 
with  a  mirtor,  if  desired;  but  with  2,900  ohms  in  series 
with  the  pressure  coil)  it  gives  a  torsion  of  2deg.  per  watt 
on  a  non-inductive  resistance.  The  series  resistance  is  not 
wound  with  a  looped  wire  as  is  usual  in  resistance  boxes, 
because  this  method  is  not  good,  the  insulation  being  apt  to 
break  down.  A  single  wire  was  therefore  used.  Whea 
one  layer  was  woundj  the  bobbin  was  reversed  in  the  lathe, 
and' the  next  layer  wound  in  the  opposite  direction,  a  thin 
layer  of  insulation  being  put  between  the  layers.  This 
method  secures  absence  of  self-induction,  and  good  insula- 
tion, as  the  beginning  and  end  of  the  coil  are  kept  well 
apart.  The  readings  are  taken  by  bringing  the  index  back 
to  zero  by  turning  the  suspension,  so  that  the  mutual  in- 
duction of  the  coils  is  zero,  as  the  coils  are  at  right  angles 

The  self-induction  of  the  pressure  coil  was  not  directly 
measured,  as  that  would  give  us  no  useful  information,  as 
vre  do  not  know  the  variation  of  the  cuirent  and  pressure 
of  air  dynamos.  They  certainly  do  not  vary  harmonically, 
and  at  full  load  the  pressure  rises  slowly  and  falls  suddenly 
in  each  half  period. 

The  wattmeter  was  therefore  subjected  to  a  ^wera  test 
Readings  were  first  taken  with  direct  currents  oii\  resist- 
ance; readings  were  then  taken  on  the  same  reSstance 
with  an  alternate  current  This  resistance  had  var'  little 
self-induction,  so  that  any  self-induction  in  the  preesuT^f  oil 
should  lessen  the  reading,  by  making  the  current  in  \%„ 
pressure  ooU  lag,  and  also  by  reducing  it  The  reading  with 
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the  alternate  current  was  2'1  pep  cent  lew  than  with  the 
direct  ThiB  figure  is  entered  m  the  note-booka,  but  though 
it  la  too  small  to  matter  in  our  work,  it  ia  larger  than  it 
oi^ht  to  bo.  The  next  teat  was  to  measure  the  power 
taken  by  a  coil  witii  the  same  current  and  same  pressure, 
5"«  '"  '"'  '^**^''"  ""d  largo  self-induction.  It  is 
difficult  to  make  up  a  coil  with  no  iron  core  to  take  50  volts 
??  V*  ""P"™  ^^  ""  appreciable  los%  by  reaiatance  ;  we 
tborefore  took  a  hedgehog  transformer  and  measured  the 
powor  taken  by  it  The  reading  waa  taken  with  50  volte  and 
4-2  amperes.  If  the  pressure  coil  had  any  appreciable  aelf- 
mdaction,  the  reading  would  be  considerable ;  it  might,  in 


fact,  be  anything  up  to  about  200  watt«.  The  least  self- 
induction  would  increase  the  reading  enormously.  The 
reading  was  1 1  watte,  and  the  calculated  loss  by  copper 
and  iron  in  the  transformer  with  only  50  volts  on  ita  secon- 
dary was  10-3;  so  the  wattmeter  is  practically  correct 
Let  it  be  aupposed,  however,  that  the  loss  in  iron  was  really 


These  are  practically  the  same  as  carves  of  /I  dE;  but 
/E  dQ,  seems  a  bett«r  way  of  writing  it,  as  /I  dH  can 
scarcely  be  said  to  have  any  physical  meaning,  emd  has 
even  had  the  effect  of  not  suggesting  that  the  reversal 
involves  waste  of  energy ;  indeed,  it  seems  to  have  lather 
disguised  the  fact 

In  completing  these  curves  some  corrections  have  been 
made.  Tne  wattmeter  absorbs  some  power  itself,  as  the 
preeaure  coil  circuit  is  led  through  the  current  coils.  We 
might  have  compensated  for  Uiis  in  one  of  the  ways 
described  to  Section  A  by  one  of  us  in  1887,  but  in  this 
case  did  not  think  it  worth  while.  The  Foucauh  current 
losses  are  also  corrected.  The  losses  in  the  wires  them- 
selves can  be  calculated  with  rigid  accuracy,  as  explained 
in  a  paper  on  "  Transformer  Design,"  which  one  of 
us  had  the  honour  of  reading  before  Section  O  last 
year.  There  might  also  be  some  ums  by  Foucault  currents, 
due  to  imperfoct  insulation  between  the  wires  of  the  core. 
The  insulation  is,  however,  too  good  to  allow  this.  In  fact, 
the  resistance  between  two  wires  about  an  inch  apart  runs 
into  ohms,  the  measurement  being  seven  ohms  in  the  par- 
ticular example  taken.     The  losses  by  Foucault  currents 


leu  than  thia,  ftod  that  the  loss  was  two  watts  lees  than  the 
resding.  Thia  ia  an  extreme  assumption,  but  we  may  see  how 
much  such  an  error  would  aflfect  our  readings  of  toe  sample 
rings.  The  aasumad  error  ia  1  per  cent  <^  the  product  of 
the  pressure  and  current  Now,  in  the  case  of  a  closed  iron 
circuit  the  power  is  about  half  the  product ;  so  this  would 


toad  to  an  error  of  2  per  cent  in  the  loss  in  the  iron.  In  a 
slosed-circoit  tiansformer  the  loss  in  iron  is,  roughly  speak- 
luRt  10  per  cent,  at  fuU  load,  aud  about  40  per  cent.,  to 
;aKe  a  low  figore,  taken  over  the  day,  so  that  the  error 
n-onld  be  0-2  per  cent  and  1  per  cent  In  the  hedgehog 
omi  the  loos  in  iron  is  about  I'S  per  cent  at  full,  and  16 
^er  cent  at  all  day  loads,  so  the  errors  are  03  and  0'8 
>er  cent  renwctively,  which  are  too  small  to  matter.  As 
I  matter  of  uct,  they  are  much  less  than  the  various  errors 
>f  observation  that  creep  into  such  work.  Measuring  the 
30vrer  in  an  open-circuit  transformer  is  also  a  most  difficult 
:aae,  for  the  least  self-induction  then  gives  rise  to  the  largest 
srror  ;  in  measuring  the  power  in  a  closed  circuit  ring  the 
irrors  are  less. 

We  give  a  number  of  curves  of  permeabilitv  and  of /E 
fQ     per  cubic  centimetre  for  different  samplas  of  iron,  I 


are  frequently  over-estimated  by  writers  on  the  subject 
If  the  specific  resistance  of  the  iron  is  known  they  can 
nearly  always  be  calculated  with  much  greater  accuracy 
than  they  can  be  measured.  The  loss  by  the  copper  resist- 
ance ia  also  allowed  for  in  the  curves.  Though  it  is 
generally  the  practice  to  give  all  the  steps  in  a  paper  like 


this,  we  think  it  better  to  give  the  results  onlv,  for  though 
the  paper  then  looks  less  imposing  than  if  fnlfof  curves  and 
calculations,  it  la  more  likely  to  be  useful. 

We  have  not  yet  tested  the  same  sample  at  very  different 
frequencies  to  see  if  there  is  any  time  lag.  From  the  com- 
paratively small  loss  at  high  frequencies  it  is  not  probable 
there  is  any  appreciable  time  lag. 


THE    Cnr  AND  SOUTH  OF  LONDON    ELECTRIC 
SUBWAT. 

We  have  kept  our  readers  informed  from  time  to  time 
of  the  prt^ees  of  the  electric  subway  railway  which  is 
to  run  from  the  City  to  the  South  of  London,  passing 
under  the  Kiver  Thames.  Only  slight  information  has 
been  given,  as  the  railway  has  not  yet  been  thrown  open 
to  inspection  of  the  technical  press,  and  full  details  are 
promised  as  soon  ai  the  work  is  complete.  A  semi-public 
view  was  held,  it  is  true,  some  months  ago,  at  which  a 
train  was  run  from  one  end  to  the  other,  but  this  was  not 
open  to  the  technical  press.  Since  then  we  have  made 
occasional  enquiries  as  to  its  progress,  but  have  found  the 
engineers  at  present  very  unwilling  to  give  any  but 
the  most  scanty    Information,    The  road    is    now  very 
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that  the  internal,  not  the  external,  magnetiaation 
ia  the  important  fact  to  be  considered  ;  that  the 
so-oalled  froe  magnetiBm  on  the  surface  is,  aa  it 
were,  an  accidental  phenomenon  ;  that  the  masnet  ia  really 
moat  highly  magnetued  at  those  parte  where  uiere  ia  leaat 
Burfaoe  magnetiaation ;  finally,  that  the  doctrine  of  surface 
distribution  of  fluids  is  absolutely  incompetent  to  afford  a  basis 
of  calculation  sudi  as  is  required  by  the  electrical  ehgineer.  He 
requires  rules  to  enable  him  not  only  to  predict^  the  lifting 

Sower  of  a  eiyen  electromagnet,  but  also  to  guide  him  in 
eaigning  and  constructing  electromi^ets  of  special  forms 
auitaUe  for  the  various  cases  that  arise  in  his  practice.  He 
wants  in  one  place  a  strong  electromaffnet  to  hold  on  to  its 
armature  like  a  limpet  to  its  native  rocuc ;  in  another  caae  he 
desiiea  a  magnet  bavins  a  very  lonff  range  of  attraction,  and 
wants  a  rule  to  guide  him  to  the  beat  design ;  in  another  he 
wanta  a  apedal  form  having  the  most  rapid  action  attainable  ; 
in  yet  another  he  muat  aacrifice  everything  else  to  attain  maxi- 
mum action  with  minimum  weight  Towards  the  solution  of 
such  nraotical  problems  as  these  the  old  theoiy  of  magnetism 
offered  not  the  duzhtest  aid.  Its  array  of  mathematical  symbols 
was  a  mockeiy.  It  was  as  though  an  engineer  asking  for  rules 
to  enable  him  to  deaign  the  cylinder  ami  piston  of  an  engine 
were  confronted  wiUi  receipts  how  to  estimate  the  cost  of 
painting  it, 

Gradually,  however,  new  light  dawned.  It  became  customary, 
in  spite  of  the  mathematiciiiAs,  to  regard  the  magnetism  of  a 
magnet  as  something  that  traverses  or  circulates  around  a  defi- 
nite path,  flowing  more  freely  through  auch  substances  as 
iron,  than  through  other  rdatively  non-magnetic  materials. 
Analogies  between  the  flow  of  electricity  and  in  an  elec- 
cally-conductinf;  circuit,  and  the  passage  of  inagnetic  lines  of 
force  through  circuits  possessing  ma^etio  conductivity,  forced 
themselves  upon  the  mmds  of  experimenters^  and  compelled  a 
modeof  thought  quite  other  than  the  previously  accepted.  So 
far  back  as  l&l  Giunming  experimented  on  magnetic  conduc- 
tivity. The  idea  cl  a  magnetio  dronit  was  more  or  leaa  fiamiliar 
to  Ritchie,  Stmigeon,  Dove,  Dub,  and  De  La  Bive,  the  laat- 
named  of  whom  explicitly  uaea  the  phraae  **  a  doaed  magnetic 
circuit'*  Joule  found  the  maximum  power  of  an  electro- 
magnet to  be  proportional  to  '*  the  least  sectional  area  of  the 
entire  magnetic  cirouit,"  uid  he  considered  the  resistance  to 
induction  as  proportional  to  the  length  of  the  maffnetic  circuit 
Indeed,  there  are  to  be  found  scattered  in  Joule^a  writings  on 
the  subject  of  magnetism  some  five  or  six  sentences  which,  if 
collected  t«jgether,  constitute  a  veiy  full  statement  of  the  whole 
matter,  faraday  considered  that  he  had  proved  that  each 
demagnetio  line  of  force  constitutes  a  closed  curve,  that  the  path 
of  these  closed  curves  depended  on  the  magnetic  conductivi^  of 
the  masses  disposed  in  proximity  ;  that  the  lines  of  ma^etic 
force  were  strictly  analogous  to  Uie  lines  of  electric  flow  m  an 
electric  drouit  He  spoke  of  a  magnet  surrounded  by  air 
being  like  unto  a  voltaic  battery  immersed  in  water  or  other 
electrolyte.  He  even  saw  the  existence  of  a  power,  analogous 
to  that  of  E.M.F.  in  electric  circuits,  though  the  name, 
'*  magneto-motive  force,  **  is  of  more  recent  origin.  The  notion 
of  magnetic  conductivitv  is  to  be  found  in  Maxwell's  fi^eat 
treatise  (voL  ii.,  p.  51),  but  is  only  briefly  mentioned.  Kow- 
land,  in  1875|  expressly  adopted  the  reasoning  and  language 
of  Faraday's  method  in  the  working  out  of  some  new  results  on 
magnetio  permeability,  and  pointM  out  that  the  new  flow  of 
magnetio  Imea  of  force  throuni  a  bar  could  be  aubjected  to  exact 
calculation ;  the  elementary  law,  he  aaya,  '*ia  aimilar  to  the 
law  of  Ohm.'*  According  to  Rowland,  the  '*  magneUsing  force 
of  helix  "  waa  to  be  divided  by  the  "  reaiatance  to  tj|e  Imea  of 
force ";  a  calculation  for  magnetic  circuits  which  Atty  elec- 
trician will  recogniae  aa  pretnaely  aa  Ohm'a  law  for  electric 
circuita.  He  apj^ed  the  oalculationa  to  determine  the  pennea- 
lulity  of  certain  specimens  of  iron,  steel,  and  nickeL  In  lffi2, 
and  again  in  1883,  Mr.  R.  H.  M.  Boaanquet  btought  oft  at 
greater  length  a  similar  argument,  employing  the  extremely 
apt  term  **  Magneto-motive  Force,"  to  connote  the  force 
tendmg  to  drive  the  magnetic  lines  of  induction  throuffh 
the  ''magnetic  resiBtance,"  or,  aa  it  will  be  frequentlv 
eaUed  in  theae  lectures,  the  masnetic  *'  reluctance  ' 
of  the  circuit  In  theae  papera  the  calciuationa  are  reduced  to  a 
^yatem,  and  deal  not  only  with  the  apecific  propertiea  of  iron, 
Imt  with  problems  ariaing  out  of  the  ahape  of  the  iron.  Boaan- 
quet shows  how  to  calculate  the  several  resistances  (or  reluct- 
ances^ of  Uie  separate  parts  of  the  circuit,  and  then  add  them 
together  to  obtain  the  total  resistance  (or  reluctance)  of  the 
magnetio  drouit 

Prior  to  this,  however,  the  prindple  of  the  maflmetio  circuit 
had  been  aeiied  upon  hj  Lord  Elpninatone  and  Mr.  Vincent, 
who  propoeed  to  apply  it  in  the  conatruction  of  the  djriuuno- 
electric  maohinea.  On  two  occadona  th^  communicated  to 
the  Royal  Sodety  the  reaulta  of  experimenta  to  ahow  that  the 
same  exdting  current  would  evoke  a  larger  amount  of 
magnedam  in  a  given  iron  atructure  if  that  iron  atructure 
lormed  a  doaed  magnetic  circuit  than  if  it  were  othennae 


vifloroualy  taken  up  by  the  deaignen  of  dmuao  machines,  who, 
indeed,  baae  the  calculation  of  their  dedans  upon  thia  all- 
important  prindple.  Having  thia,  they  neeano  lawa  of  inverae 
Suarea  of  distances,  no  magnetio  momenta,  none  of  the 
^borate  expreadona  for  su^ace  distribution  of  magnetiam, 
none  of  the  andent  paraphernalia  of  the  laat  oentu^.  The 
dmple  law  of  the  inagnetic  drouit,  and  a  knowledge  of  the 
propertiea  of  iron,  are  practically  all  they  need.    Aoout  four 

Jeara  ago  much  waa  done  hy  Mr.  G&bert  Kajip,  and  bv  Dra. 
.  and  E.  Hopldnaon  in  the  application  of  theae  condderanonato 
the  deaign  of  dynamo  machmea,  which  previoudy  had  been  a 
matter  of  empirical  practice.  To  thia  end  the  formula  of  Prof. 
Forbea  for  calculating  magnetic  leakage,  and  the  reaearohea 
of  Profa.  Ayrton  and  Perry  on  magnetio  diunta,  contributed  a 
not  unimportant  ahare.  As  the  reault  of  the  advancea  made  at 
that  time,  the  aubject  of  dynamo  deaign  waa  reduced  to  an 
exact  adenoe.  ^ 

It  ia  the  aim  and  object  of  the  preaant  oouiae  of  lecturea  to 
ahow  how  the  same  considerations  which  have  been  applied 
with  such  great  success  to  the  subiect  of  the  dedgn  of  dynamo- 
dectric  machines  may  be  applied  to  the  study  of  the  dectro- 
magnet  Hie  theory  and  practice  of  the  design  and  construc- 
tion of  dectromagnets  will  thus  be  plaoed,  once  for  all,  upon  a 
rational  basis.  Dranite  rules  will  be  laid  down  for  the  guidance 
of  tiie  constructor,  directing  him  as  to  the  proper  dimendons 
and  form  of  iron  to  be  chosent  and  as  to  the  proper  size  and 
amount  of  copper  wire  to  be  wound  upon  it  in  c«der  to  produce 
any  deaired  result 

Firat,  however,  a  historical  account  of  the  invention  will  be 
given,  followed  by  a  number  of  general  oonaiderataomi  respectina 
tiie  uses  and  forms  of  dectromagnets.  These  will  be  followed 
by  a  diacuadon  of  the  inagnetic  propertiea  of  iron  and  ated  and 
other  materials,  some  account  being  added  of  the  methods  used 
for  determining  the  inagnetic  permeabili^  of  varioua  brands  of 
iron  at  different  degreea  of  aaturation.  Tabular  information  ia 
given  aa  to  the  reamta  found  by  different  obaervera.  In  oonneo* 
tion  with  the  magnetic  propertiea  of  iron  the  phenomenon  of 
magnetio  hystenaia  ia  abo  deaoribed  and  oiacuaaed.  The 
prindple  of  the  magnetic  drouit  la  then  diaenaaed  with  numerical 
examplea,  and  a  number  of  experimental  data  reinfecting  the 
performance  of  dectromagneta  are  adduced,  in  partioalar  those 
Dearing  upon  the  tractive  power  of  dectromagneta.  The  law  of 
traction  between  an  dectromagnet  and  ita  armature  ia  then  laid 
down,  followed  by  the  rulea  for  predetermining  the  iron  corea 
and  copper  coils  required  to  give  any  preacribed  tractive  force. 

Then  comea  the  extendon  of  the  calculation  of  the  magnetic 
circuit  to  thoae  caaea  where  there  ia  an  air  gap  between  the 
polea  of  the  magnet  and  the  armature ;  and  where,  in  conae- 
qnence,  there  ia  leaka|p  of  the  magnetic  linea  from  pole  to  pole. 
The  ndea  for  calculating  the  winding  of  the  copper  coila  are 
atated,  and  the  limitinig  rdation  between  the  magnetiaing 
power  of  the  coO  and  the  heating  effect  of  tiie  current  in  it  ia 
explained.  After  thia  comea  a  detailed  diacuadon  of  the 
apedal  varietiea  of  form  that  must  be  ^ven  to  dectromagneta 
in  order  to  adapt  them  to  apedal  aervicea.  Thoae  which  are 
deaigned  for  maximum  traction,  for  quickeat  action,  for  longeat 
range,  for  greateat  economy  when  uaed  in  continuoua  daily 
aervice,  for  working  in  aeriea  with  conatant  current,  for  uae  in 
pondld  at  conatant  preaaure,  and  thoae  for  uae  with  alternate 
currenta,  are  aeparatdy  oonaidered. 

Laatl^,  aome  account  ia  given  of  the  varioua  forma  of  electro- 
magnetic mechaniam  which  have  arisen  in  connection  with  the 
invention  of  the  dectromagnet.  The  plunger  and  coil  ia 
apedally  oonaidered  aa  constitatin^  a  apeciea  of  dectromagnet 
adapted  for  a  long  ra^ge  of  motion.  Modea  of  mechanically 
securing  long  range  for  electromagnets,  and  of  equalising  their 
puU  over  the  range  of  motion  of  the  armature,  are  also  described. 
The  analogies  between  sundry  dectro-mechanical  movements 
and  the  corresponding  pieces  oi  ordinaiy  mechanism  are  traced 
out  The  course  is  conduded  bjr  a  consideration  of  the  various 
modes  of  preventing  or  minimidng  the  sparks  which  occur  in 
the  circuits  in  which  electromagnets  are  used. 

(To  he  eoniiiMied,) 
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(Ckmtinmed  firwn  page  tOJ^) 

Such  systematks  researches  aa  those  upon  which  Oamood, 
Roberta- Austen,  and  many  other  workers  have  been  for  some  time 
past  engaged,  may  make  us  acquainted  with  the  laws  which 
governthe  modifications  effected  in  the  phjrsical  characteristics 
of  metals  by  aUoyinsp  these  witii  small  proportions  of  other  metals. 
The  suggestioD  of  Roberta- Austen,  that  sndi  modificatibns  mav 
have  direct  connection  with  the  periodic  law  of  Mendeleeff,  which 
may  furnish  explanatioBS  of  Uie  causes  of  specific  variations  in  the 


-  '    TnwrDwm  properties  of  iron  and  sted,  has  been  followed  np  enei^getically 

1^  ct^^n  recent  ^ears  the  notion  of  the  ma^etio  wmt  hM  b^en  ■  by  Osmond,  whQ  has  ezperinientaUy  investigated  the  thermd 
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influence  upon  iron. of  the  elementa  phosphorus,  sulphur,  arsenic, 
boron,  silicium,  nickel,  manganese,  cnromium,  copper,  and  tung- 
sten. He  regards  his  results  as  being  quite  confirmatory  of  the 
soundness  ot  Roberts- Austen's  suggestion,  as  they  demonstrate 
that  foreign  elements  having  atomic  volumes  lower  than  iron 
tend  to  make  it  assume  or  preserve  the  particular  molecular 
form  in  which  it  has  itself  the  lowest  atomic  volume,  while  the 
converse  is  the  case  for  the  foreign  elementa  of  high  atomic  volume. 
An  analogous  influence  was  found  to  be  exerted  by  those  two 
groups  of  elements  upon  the  permanent  magnetisation  of  steel. 

Captivating  as  such  deductions  are,  those  who  have  devoted 
much  attention  to  the  practical  investigation  of  iron,  steel,  and 
other  metals,  cannot  but  feel  that  much  caution  has  to  be  exercised 
in  drawing  broad  conclusions  from  the  results  of  such  researches  as 
these.  ItULe  the  investigations  recently  made  with  the  object  of 
ascertaining  the  condition  in  which  carbon  exists  in  steel,  and  the 
part  played  by  it  in  determining  the  modifications  in  the  properties 
developeid  in  that  material  by  the  influence  of  temperature  and  of 
work  aone  upon  it,  they  are  surrounded  by  formidable  difl3culties 
arising  from  the  practical  impossibility  of  altogether  eliminating 
the  disturbing  influences  of  minute  quantities  of  foreign  elementary 
bodies  co-existing  in  the  metal  operated  upon  with  those  whose 
effects  we  desire  to  study.  Certain  it  is,  however,  that  by  acquiring 
an  accurate  accjuaintance  with  the  composition  of  varieties  of  iron 
and  steel  exhibiting  characteristic  properties,  by  persevering  in  the 
all-important  work  of  systematic  practical  examination  of  the 
mechanical  and  physical  peculiarities  developed  in  iron  and  steel 
of  known  composition  by  tneir  association  with  one  or  more  of  the 
rarer  metals  in  varied  proportions,  and  by  the  further  prosecution 
of  chemical  and  physical  research  in  such  directions  as  those 
which  have  already  Seen  fruitful  of  most  instructive  results,  such 
talented  labourers  as  Chernoff,  Osmond,  Roberts-Austen,  Barus 
and  Stroudal,  HadfieM,  Keep,  James  Riley,  Stead,  Turner,  and 
others,  cannot  fail  to  contribute  continually  to  the  development  of 
improvements  equalling  in  importance  those  already  attained  in 
the  production,  treatment,  and  methods  of  applying  cast  iron, 
malleable  iron,  and  steel,  or  alloys  equivalent  to  steel  in  their 
qualities. 

The  causes  of  the  variations  in  the  physical  properties  of  steel 
produced  by  the  so-called  hardening,  annealing,  and  tempering 
processes  were  for  very  many  years  a  fruitful  subject  of 
experimental  enquiry,  as  well  as  of  theoretical  speculation  with 
regard  to  the  condition  in  which  the  carbon  is  distributed  in  steel, 
acoordiner  to  whether  the  metal  is  hardened  or  annealed,  or  in  an 
intermediate,  tempered  state.  Recent  researches  have  made  our 
knowledge  in  the  latter  direction  fairly  precise ;  as  yet,  however, 
we  are  only  on  the  track  of  definite  mformation  respecting  the 
nature  and  extent  of  connection  between  the  physical  peculiarities 
of  steel  in  those  dififorent  conditions  and  the  eetablisliea  differences 
in  the  form  and  manner  in  which  the  carbon  is  disseminated 
through  it. 

The  careful  systematic  stud^  of  the  modifications  developed  in 
certain  physical  properties  of  iron  and  steel  by  gradual  changes 
of  temperature  between  fusion  of  tlie  metal  and  the  normal  tem- 
perature, has  shown  those  modifications  to  be  governed  by  a 
const-ant  law,  and  that  at  certain  critical  temperatures  special 
phenomena  present  themselves.  This  important  subject,  which 
was  so  clearly  brought  before  the  association  last  year  in  the 
interesting  lecture  of  Roberts- Austen,  has  been  and  is  still  being 
pursued  by  accomplished  workers,  among  whom  the  most  promi- 
nent is  F.  Osmond.  The  phenomenon  of  recalescence,  or  the 
reglowing  of,  or  liberation  of  heat  in,  iron  and  steel  at  certain 
stages  during  the  cooling  process,  first  noticed  by  Gore,  and 
examined  into  by  Barrett,  appears  to  be  the  result  of  actual 
chemical  combination  between  the  metal  and  its  contained  carbon 
at  the  particular  temperature  attained  at  the  time;  while  the 
absorption  of  heat,  demonstrated  by  the  arrest  in  rise  of  tempera- 
ture auring  its  continuous  application  to  the  metal,  is  ascribed  to 
the  elimination,  within  the  mass,  of  carbon  as  an  iron  carbide  per- 
fectly stable  at  low  temperatures.  The  pursuit  of  a  well-devised 
system  of  experimental  enquiry  into  this  subiect  has  led  Osmond 
to  propound  theories  of  the  hardening  and  tem()ering  of  steel 
which  are  at  present  receiving  the  careful  study  of  physicists  and 
chemists,  and  cannot  fail  to  lead  to  further  important  advance- 
ment of  our  knowledge  of  the  true  nature  of  the  influence  of  carbon 
upon  the  properties  of  iron. 

Another  important  subject  connected  with  the  treatment  of 
masses  of  steel,  and  with  the  influenoe  exercised  upon  their 
physical  characteristics  by  the  processes  of  hardening  and  tem- 
pering, and  by  submitting  them  to  oft-repeated  concussions  or 
vibrations,  or  frequent  or  long-oontinued  surains,  is  the  develop- 
ment and  maintenance,  or  gradual  disappearance,  of  internal 
stresses  in  the  masses — one  of  the  many  important  subjects  to 
which  attention  was  directed  by  Dr;  Anderson,  the  Director- 
General  of  Ordnance  Factories,  in  his  very  suggestive  address  to 
the  Mechanical  Section  iMt  year.  This  question  is  one  of  especial 
interest  to  the  constructor  of  steel  guns,  as  the  powers  of  endur- 
ance of  these  do  not  simply  depend  upon  the  quality  of  the  material 
composing  them,  but  are  very  largely  influenced  by  the  treatment 
which  it  receives  at  the  hands  of  the  gunmaker.  Indeed,  the 
highest  importance  attaches  to  the  processes  which  are  applied  to 
the  preliminary  preparation  of  the  individual  parts  of  which  the 
gun  is  constructed,  and  to  the  putting  together  of  these  so  as  to 
ensure  their  being  and  remaining  in  the  physical  condition  best 
calculated  to  assist  each  other  in  securing  for  the  structure  the 
power  of  so  successfully  resisting  the  heavy  strains  to  which  it  has 
to  be  subjected,  as  to  suffer  little  alteration  other  than  that  due 
to  the  superficial  action  of  the  highly-heated  products  of  explosion 
of  the  charges  fired  in  the  gun.  The  development  of  internal 
strains  in  objects  of  steel,  especially  b;^  the  haraening  and  temper- 


ing processes,  or  by  their  exposure  to  conditions  favourable  to 
unequal  cooling  of  different  parte  of  the  mass,  has  long  been  a 
subiect  of  much  trouble  and  ox  experimental  enquiry  in  connection 
with  many  applications  of  steel.  Systematic  experiments  of  the 
kind  commenoMl  about  18  years  ago  by  the  late  Russian  general, 
Kalakoutsky,  are  now  being  pursued  at  Woolwich  with  the  objects 
of  determinmg  the  nature  and  causes  of  internal  stresses  in  steel 
gnin-hoops  and  tubes,  and  in  shells,  and  of  thereby  establishing 
the  proper  course  to  be  adopted  for  avoiding,  lessening,  or  coun- 
teracting injurious  stresses,  on  the  one  hand,  and  for  setting  up 
stresses  beneficial  to  the  powers  of  endurance  of  guns,  on  the 
other.  One  method  of  experiment  pursued,  with  parts  of  guns,  is 
to  cut  narrow  hoops  off  the  forgings,  after  a  particular  treatment, 
which  are  then  cut  right  across  at  one  place,  it  being  observed 
whether,  and  to  what  extent,  the  resulting  gaps  open  or  dose. 
This  important  subject  has  also  been  similarly  investigated  by  my 
talented  old  friend  and  fellow- worker,  the  president  this  year  of 
the  Mechanical  Section,  Captain  Andrew  Noble,  whose  name  in 
connection  with  the  science  and  practice  of  artillery  is  familiar  to 
us  as  household  words. 

The  Crimean  War  taught  nations  many  lessons  of  gravest  import, 
to  some  of  which  Sir  Richard  Owen  took  occasion  to  call  attention 
most  impressively  in  the  address  delivered  here,  before  the  miseries 
of  that  war  had  become  past  history.  The  development  of  sanitary 
science,  to  which  he  especially  referred,  and  which  sprang  from 
the  bitter  experience  of  that  sad  epoch,  has  had  its  parallel  in  the 
development  of  the  science  of  artillery ;  but  it  would  indeed  be 
difficult  to  establish  any  parallelism  between  the  benefits  which 
even  the  soldier  and  the  sailor  have  reaped  from  the  great  strides 
made  by  both  these  sciences.  The  acquisition  of  knowledge  of  the 
causes  of  the  then  hopelessness  of  gallant  struggles  which  medical 
skill  and  self-sacrificmg  devotion  made  against  the  sufferings  of 
the  victims  of  battles  and  of  fell  diseases,  as  deadly  as  the  cruellest 
implements  of  war ;  the  application  of  that  knowledge  to  the 
provision  of  the  blessings  of  antiseptic  treatment  of  wounds  and 
to  the  intelligent  utilisation  of  disinfectants  and  of  other  valuable 
preventive  measures,  to  the  supply  of  wholesome  water,  of  whole- 
some food  in  campaigning,  of  sensible  clothing,  and  of  wholesome 
air  in  hospitals,  barrack,  and  ships — these  are  some  few  of  the 
benefits  which  the  soldier  and  the  sailor  have  derived  from  the 
development  of  sanitary  science,  which  was  so  powerfully  stimu- 
lated by  the  terrible  lessons  learned  during  the  long-drawn-out 
siege  of  Sebastopol ;  and  it  is  indeed  pleasant  to  reflect  that  there 
has  been  for  years  past  most  wholesome  competition  between 
nations  in  the  enlargement  of  those  benefits  and  their  disseuiina- 
tion  among  the  men  whose  vocation  it  is  to  slay  and  be  slain.  The 
periodical  International  Congress,  on  Hygiene  and  Demography, 
of  which  we  shall  cordially  welcome  next  year's  assemblage  in 
London,  and  whose  members  will  deplore  the  absence  from  among 
them  of  the  veteran  Nestor  in  the  science  and  practice  of  hy^ene. 
Sir  Edwin  Chad  wick,  have  afforded  conclusive  demonstration  of 
the  heartiness  with  which  nations  are  now  co-operating  with  a 
view  to  utilise  the  invaluable  results  attained  by  the  successful 
labourers  in  sanitarv  science. 

What,  on  the  other  hand,  shall  we  say  of  the  benefits  which 
sailors  and  soldiers,  in  the  pursuit  of  their  calling,  derive  from  the 
ceaseless  costly  competition  amongst  nations  for  supremacy  in  the 
possession  of  formiaable  artillery,  violent  explosives,  quick-firing 
arms  of  deadly  accuracy,  and  fearful  engines  which,  unseen,  can 
work  wholesale  destruction  in  a  fleet  ?  And  what  can  we  say  of 
the  benefits  acouired  by  individual  countries  in  return  for  their 
continuous,  ana  sometimes  ruinous,  expenditure  in  endeavouring 
to  maintain  themselves  upon  an  equality  with  their  neighbours  in 
man -killing  power  ?  The  conditions  under  which  engagements  by 
sea  or  land  will  in  the  future  be  fought  have  certainly  become 
greatly  modified  from  those  of  35  years  ago,  and  the  duration  of 
warfare,  even  between  nations  in  oonflict  who  are  on  a  fair 
equality  of  resources,  must  become  reduced  ;  but,  as  regards  the 
results  of  a  tris^  of  strength  between  contending  forces,  similarly 
equipped,  as  they  now  will  be,  with  the  latest  of  modem 
appliances  only  varying  in  detail,  these  must,  after  all,  depend, 
as  of  old,  partly  upon  accident,  favoured,  perhaps,  by  a  temporary 
superiority  in  equipment,  partly  upon  the  skUI  and  military 
genius  of  indivictuaas,  and  very  mucn  upon  the  characteristics  of 
the  men  who  fight  the  battles. 

What  really  can  be  said  in  favour  of  the  advances  made  in  the 
appliances  of  war — and  this  is,  perhaps,  the  view  which  in  such  a 
town  as  Leeds  we  should  keep  before  our  eyes  to  the  exclusion  of 
the  dark  side  of  the  picture — is,  that  by  continuous  competition  in 
the  development  of  their  magnitude,  diversity,  and  perfection  the 
resources  of  the  manufacturer,  the  chemist,  the  en^^ineer,  the 
electrician,  are  taxed  to  the  uttermost,  with  the  very  important, 
although  incidental  results,  that  industries  are  created,  or 
expanded  and  perfected,  trades  maintained  and  developed,  and 
new  achievements  accomplished  in  applied  science,  which  in  time 
beneficially  affect  the  advance  of  peaceful  arts  and  manufactures. 
In  these  ways  the  expenditure  of  a  large  proportion  of  a  countiy's 
resources  upon  material  which  is  destroyed  in  creating  destruction 
does  substaiitially  benefit  communities,  and  tends  to  the  accom- 
plishment of  such  material  progress  by  a  country  as  goes  far  to 
compensate  its  people  for  the  sacrifices  which  they  are  called  upon 
to  incur  for  the  maintenance  of  their  dignity  among  nations. 

From  this  point  of  view,  at  any  rate,  it  may  interest  members  of 
the  British  Association  for  the  Aavanoement  of  Science,  and  for  the, 
promotion  of  its  applications   to  the  welfare  and  happiness, 
mankind,   to  hear  something  of  recent  advances  in  one  Q^' 
several  branches  of  science  in    its  applications   to   nav<;' 
military  requirements,  with  which,  during  a  long  and''^^ 
official  career  now  approaching  its  close,  I  nave  becompcr^ 
measure  identi^ed.  '^atfj 
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Sinoe  the  meeting  of  the  association  in  this  town  in  1858,  the 
progress  which  has  been  made  in  the  regulation  of  the  explosive 
force  of  gunpowder,  so  as  to  adapt  it  to  the  safe  development  of 
very  hiaa  energy  in  guns  presenting  great  differences  in  regard  to 
size  ana  to  the  work  which  they  have  to  perform,  has  been  most 
important.  The  different  forms  of  gunpowder  which  were  applied 
to  war  purposes  in  this  and  other  countries  until  within  Uie  last 
few  years  presented  comparatively  few  d^erenoes  in  composition 
and  methods  of  manufacture  from  each  other,  and  from  the 
gunpowder  of  our  ancestors.  The  replacement  of  smoothbore 
guns  by  rifled  artillery,  which  followed  the  Crimean  War,  and 
toe  great  increase  in  the  size  and  power  of  guns,  necessitated  by 
the  application  of  armour  to  ^ps  and  forts,  soon  called,  however, 
for  the  pursuit  of  investigations  navinjr  for  their  object  the  attain- 
ment of  means  for  variously  modifymg  the  action  of  fired  gun- 
powder, 80  as  to  render  it  suitable  for  artillery  of  different 
calibree  whose  power  could  not  be  effectively,  or,  in  some 
instanoee,  safely,  developed  by  the  use  of  the  only  kind  of 
gunpowder  then  employed  in  English  artillery  of  all  calibres. 

The  means  resorted  to  in  the  earlier  of  these  investigations,  and 
adhered  to  for  many  years,  for  controlling  the'violence  of  explosion 
of  gunpowder,  consisted  exclusively  in  modifying  the  size  and 
form  of  the  individual  masses  composing  a  charge,  and  of  their 
density  and  hardness,  with  the  object  of  varyine  the  rate  of  burning 
of  those  masses  in  a  gun,  it  being  considered  that  as  the  propor- 
tions of  ingredients  generally  employed  very  nearly  correspond  to 
those  required  for  the  development  of  the  greatest  chemical  enerey 
by  the  thoroughly  incorporated  materifds,  the  attainment  of  the 
desired  results  should  be,  if  possible,  effected  rather  by  modifica- 
tions of  the  physical  and  mechanical  characters  of  eunpowder  than 
by  variations  of  the  proportions  and  chemical  daracters  of  its 
ingredients. 

The  varieties  of  powder  from  time  to  time  introduced  into 
artUlerr  service  as  the  outcome  of  investigations  in  this  direction 
were  of  two  distincc  types.  The  first  of  these  consisted  of  further 
developments  of  the  old  granulated  or  corned  powder,  being  pro- 
duced by  breaking  up  more  or  less  highly-pressed  slabs  of  the 
material  into  grains,  pebbles,  or  boulders  of  approximately  uniform 
size  and  shape.  Gunpowders  of  this  class,  ranging  in  size  from 
about  1,000  pieces  to  the  ounce  to  about  six  pieces  to  the  pound, 
have  performed  efficient  service,  and  certain  of  them  are  still 
employed.  The  character  of  the  other  type  is  based  upon  the 
theoretical  view  that  uniformity  in  the  action  of  a  pedicular 
gunpowder,  when  emploved  under  like  conditions,  demands  not 
merelv  identity  in  regard  to  composition,  but  also  identity  in  form, 
Biae,  density,  and  structure  of  tne  individual  masses  of  which  a 
charge  consists.  To  approach  the  practical  rec^isation  of  this 
view,  equal  quantities  oi  one  and  the  same  mixture  of  ingredients, 
presented  in  the  form  of  powder  of  uniform  fineness  and  dr^ess, 
must  be  submitted  to  a  particular  pressure  for  a  fixed  period  in 
moulds  of  uniform  size,  the  surrounding  conditions  and  subsequent 
manufacturing  processes  being  as  nearly  as  possible  alike. 
Practical  experience  has  shown  that  uniformity  m  the  ballistic 
properties  of  black  powder  can  be  even  more  readily  secured  by 
the  thorough  blendmg  or  mixing  together  of  different  products 
of  manufacture,  presenting  some  variations  in  regard  to  size, 
density,  hardness,  or  other  features,  than  by  aiming  at  an 
approach  to  identity  in  the  chancters  of  the  inmvidual  grains  or 


When  our  attention  was  first  actively  directed  to  the  modifica- 
tion of  the  ballistic  properties  of  powder,  the  subject  had  already 
been  to  some  extent  dealt  with,  in  the  United  States,  by  Rodman 
and  DoremuB,  and  the  latter  had  proposed  the  employment,  in 
heavy  guna,  of  charges  consisting  of  lara^e  pellets  of  prismatic 
form.  While  this  prismatic  powder,  which  was  first  used  in 
Russia,  was  being  perfected,  and  extensively  applied  there  as 
well  as  in  Germany  and  England,  the  production  of  powder 
masses  more  suitable,  by  the  comparatively  gradual  nature  of 
their  explosion,  for  the  very  large  charges  required  for  the  heavy 
artillery  of  the  present  day,  was  actively  pursued  in  Italy,  and 
bv  our  own  Government  Committee  on  Explosives,  the  outcome 
of  very  exhaustive  practical  investigations  being  the  very  efficient 
Fossano  powder,  or  poudre  proffremf  of  the  Italians,  and  the 
boulder  and  large  cylindrical  powders  produced  at  Waltham 
Abbey. 

Researches  carried  out  by  Captain  Noble  and  myself,  some 
years  ago,  with  a  series  of  gunpowders,  presenting  considerable 
differences  in  composition,  indioated  that  decided  advantages 
might  be  secured,  for  heavy  guns  especially,  by  the  employment 
of  such  a  powder  as  would  lumish  a  comparatively  very  lai^e 
volume  of  gas,  its  explosion  being  at  the  same  time  attended  by 
the  derdopment  of  much  less  heat  than  in  the  case  of  ordinary 
black  powder.  In  the  course  of  these  researches  much  light  was 
thrown  upon  the  causes  of  the  wearing  or  erosive  action  of 
powder  explosions  upon  the  inner  surface  of  the  gun,  an  action 
which,  especially  in  the  larger  calibres  of  artillery,  produces  so 
serious  a  deterioration  of  the  arm  that  the  velocity  of  projection 
and  accuracy  of  shooting  suffer  considerably,  the  wear  being 
especially  great  where  the  products  of  explosion,  while  under  the 
maximum  pressure,  can  escape  between  the  projectile  and  the 
borei  The  great  velocity  with  which  the  very  highly-heated 
gueous  and  fiquid  (fused  solid)  products  of  explosion  sweep  over 
the  heated  surface  of  the  metal,  gives  rise  to  a  displacement  of 
the  particles  composing  the  surface  of  the  bore,  which  increases 
in  extent  as  the  latter  becomes  roughened,  and  thus  opposes 
greater  resistance;  at  the  same  time,  the  high  temperature  to 
which  the  surface  is  nused  reduces  the  rigidity  of  the  metal,  and 
its  consequent  power  of  resisting  the  force  of  the  gaseous  torrent } 
and,  lastly,  some  amount  of  chemical  action  upon  the  metal,  by 
Qsrtain  en  the  highly-heated  non-gaseous  products  of  explosion« 


contributes  towards  an  increase  in  the  erosive  effects.  Experi- 
ments made  upon  a  large  scale  by  Captain  Noble  with  powders  of 
different  composition,  and  with  other  explosives,  have  afforded 
decisive  evidence  that  the  explosive  agent  which  furnishes  the 
largest  proportion  of  gaseous  products,  and  the  explosion  of  which 
is  attended  by  the  development  of  the  smallest  amount  of  heat, 
exerts  least  erosive  action. 

Some  eminent  German  gunpowder  manufacturers,  who  were  at 
this  time  actively  engseSd  upon  the  production  of  a  suitable 
powder  for  heavy  guns,  i&rected  their  attention,  not  merely  to  an 
alteration  of  the  proportions  of  the  ingredients,  but  aJso  to  a  modi- 
fication in  the  character  of  charcoal  employed ;  the  eventual  result 
was  the  production  of  a  new  prismatic  powder,  composed  of  salt- 
petre in  somewhat  higher  proportion  than  in  normal  olack  powder, 
and  of  a  very  slightly-bumea  charcoal  of  reddish-brown  colour, 
quite  similar  to  the  eharbon  rowe  which  Violette  produced  about 
40  years  ago  for  use  in  sporting  powder,  by  the  action  of  super- 
heated steam  upon  wood  or  other  vegetable  matter.  This  brown 
prismatic  powder,  or  "  cocoa  powder,"  differs  from  black  powder 
not  merely  in  colour ;  it  bums  very  eJowly  in  the  open  air,  snd  in 
guns  its  action  ia  comparatively  gradual  and  long-sustained.  The 
products  of  its  explosion  are  simple ;  as  the  powder  contains  salt- 
petre in  large  proportion  relatively  to  the  sulphur  and  charcoal, 
these  become  fully  oxidised,  and  a  relatively  very  large  amount  of 
water-vapour  is  produced,  partly  because  of  the  comparatively 
high  proportion  of  water  in  tne  finished  powder,  and  partly  from 
the  large  amount  of  hydrogen  in  the  slightly-charred  wood  or 
straw  used.  The  smoke  from  a  charge  of  brown  powder  diffiars  but 
little  in  volume  from  that  of  black  powder,  but  it  disperses  much 
more  rapidly,  owing  to  the  speedy  absorption  of  the  finely-divided 
potassium  salts,  forming  the  smoke,  by  the  large  proportion  of 
water- vapour  through  which  they  are  distributed. 

This  kind  of  powder  has  been  substituted,  with  considerable 
advantage,  for  black  powder  in  guns  of  comparatively  large  calibre, 
but  it  soon  became  desirable  to  attain  even  more  gradual  action 
in  the  case  of  the  very  large  chaiges  required  for  ffuns  of  the 
heaviest  calibres,  such  as  tne  110-ton  gun,  from  which  shot  of 
about  1, 8001b.  weight  are  propelled  by  a  powder  oharge  of  9601b. 
Brown  powder  has,  therefore,  been  modified  in  composition  to  suit 
these  conditions ;  while,  on  the  other  hand,  a  powder  intermediate 
in  rapidity  of  action  between  black  powder  and  the  brown  prism 
powder  has  been  found  more  suitable  than  the  former  for  use  in 
guns  of  moderately  large  cnJibre. 

The  importance  whicn  machine  guns  and  comparatively  large 
quick-firing  guns  have  assumed  in  the  armament  of  shi{M  has  made 
it  very  desirable  to  provide  a  powder  for  them  which  wUl  produce 
comparatively  little  or  no  smoke,  as  their  efficient  employment 
becomes  greatly  limited  when,  after  a  very  few  rounds  rapidly 
fired  with  black  powder,  the  objects  aeainst  which  it  is  desiied  to 
direct  the  fire  are  more  or  less  completely  hidden  by  the  inter- 
posed smoke.  Hence  much  attention  has  of  late  been  directed  to 
the  production  of  smokeless,  or  nearly  smokeless,  powders  for 
naval  use.  At  the  same  time  the  views  of  many  militaz^  authori- 
ties regarding  the  importance  of  dispensing  with  smoke  m  engage- 
ments on  land  have  also  created  a  demana  for  smokeless  powders 
suitable  for  field  artillery  and  for  small  arms. 

The  properties  of  ammonium  nitrate,  of  which  the  prodnota  of 
decomposition  by  heat  are,  in  addition  to  water- vapour,  entirely 
gaseous,  have  rendered  it  a  tempting  material  to  those  who  have 
striven  to  produce  a  smokeless  powder;  but  its  deliquesoent 
character  has  been  a  formidable  obstacle  to  its  applicanon  as  a 
component  of  a  useful  explosive  agent.  B}r  incorporating  charcoal 
and  saltpetre  in  particular  proportions  with  ammonium  nitrate, 
F.  Gaus  recently  claimed  to  have  produced  an  explosive  material 
free  from  the  hygroscopic  character  common  to  other  ammonium 
nitrate  mixtures,  and  furnishing  only  permanently  gaseous  and 
volatile,  or  smokeless,  products  of  explosion.  These  anticipations 
were  not  realised,  but  they  led  the  talented  German  powder- 
maker,  Mr.  Heidemann,  to  produce  an  ammonium  nitrate  powder 
possessing  remarkable  bfdlistic  properties,  and  producing  com- 
paratively little  smoke,  which  speedily  disperses.  It  yields  a  very 
much  larger  volume  of  gas  and  water-vapour  than  either  black  or 
brown  powder,  and  is  considerably  slower  in  action  than  the 
latter ;  the  charge  reauired  to  i»roduce  equal  ballistio  results  is 
less,  while  the  chamoer  pressure  developed  is  lower,  and  the 
pressures  along  the  chase  of  the  gun  are  higher,  than  with  brown 
powder.  No  great  tendency  is  exhibited  by  it  to  absorb  moisture 
from  an  ordinarily  dry,  or  even  somewhat  moist,  atmosphere,  but 
it  rapidly  absorbs  water  when  the  hygroeoopio  condition  of  the 
air  approaches  saturation,  and  this  greatly  restricts  its  use. 

About  five  years  ago  reports  began  to  reach  us  from  France  of 
the  attainment  of  remarxable  results  with  a  smokeless  powder 
employed  with  the  repeating  or  magazine  rifle  then  in  course  of 
adoption  for  military  service,  and  of  marvellous  velocities  obtained 
by  the  use  of  this  powder,  in  specially  constructed  artillery  of 

Seat  length.  As  in  the  case  of  the  explosive  agent  called  MUtniUf 
e  fabulously-destructive  effects  of  which  were  much  vaunted  at 
about  the  same  time,  the  secret  of  Uie  nature  of  this  smokeless 
powder  was  well  preserved  by  the  French  authorities ;  it  ia  now 
Known,  however,  that  more  than  one  smokeless  explosive  has  suc- 
ceeded the  original,  and  that  the  material  at  present  in  use  with 
the  Lebel  repeating  rifle  btiongs  to  a  class  of  nitro-oellulose  or 
nitro-cotton  preparations,  of  which  several  have  been  made  the 
subject  of  patents  in  England,  and  of  which  varieties  are  aho 
being  used  m  Germany  and  other  countries* 

A  comparison  between  the  chemical  chanffes  attending  the  burn- 
ing or  explosion  of  gunpowder,  and  of  the  class  of  nitro  compounds 
represented  by  gun-cotton,  at  once  explains  the  cause  of  toe  pro- 
duction of  smoke  by  the  former,  and  of  smokelessnees  of  the  latter« 
Whilst  the  products  of  explosion  of  the  nitio  oompounds  oomist 
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exclarively  of  gasos  and  of  water-vapour,  gunpowder,  bein^  com- 
posed of  a  laree  proportion  of  saltpetre,  or  other  metallic  nitrate, 
mixed  with  charred  vegetable  matter  and  variable  quantities  of 
sulphur,  furnishes  produote  of  which  over  SO  per  cent,  are  not 
easeous,  even  at  high  temperatures,  and  which  are  in  part 
deposited  as  a  fused  solid — which  constitutes  the  fouling  m  a 
firearm — and  in  part  distributed  in  an  extremelv  fine  state  of 
division  through  the  gases  and  vapours  developed  by  the  explo- 
sion, thus  giving  to  these  the  appearance  of  smoke  as  they  escape 
into  the  air. 

So  far  as  smokelessness  is  concerned,  no  material  can  surpass 
gun-cotton  (or  other  varieties  of  nitro-cellulose) ;  but,  even  if  the 
rate  of  combustion  of  the  fibrous  explosive  in  a  firearm  could  be 
controlled  with  certainty  and  uniformity,  its  application  as  a  safe 
propulsive  agent  is  attended  by  so  many  difficulties  that  the  non- 
success  of  the  numerous  early  attempts  to  apply  it  to  that  purpose 
is  not  surprisini^.  Those  attempts,  commencing  soon  after  the  dis- 
covery of  gun-cotton,  in  1846,  and  continued  many  years  later  in 
Austria,  consisted  entirely  in  varying  the  density  ana  mechanical 
condition  of  employment  of  the  gun-cotton  fibre.  No  difficulty 
was  experiencea  in  thus  exercising  complete  control  over  the 
rapidity  of  burning  in  the  open  air ;  but  when  the  material  was 
strongly  confined,  as  in  the  Dore  of  a  gun,  such  methods  of  regu- 
lating its  explosive  force  were  quite  unreliable,  as  some  slight 
unforeseen  variation  in  its  compactness  or  in  the  amount  and  ais- 
position  of  the  air  space  in  the  mass,  would  develop  very  violent 
action.  Much  more  promising  results  were  subsequently  obtained 
bv  me  b^  reducing  tne  fibre  to  a  pulp,  as  in  the  ordinary  process 
of  making  paper,  and  converting  this  into  highly-eompressed, 
homogeneous  masses  of  the  desired  form  and  size.  Some  favour- 
able results  were  obtained  at  Woolwich,  in  1867-8,  in  field  guns, 
with  cartridges  built  up  of  compressed  gpin-cotton  variously  formed 
and  arranged,  with  the  object  of  regulating  the  rapidity  of  explo- 
sion of  the  charge.  But  although  comparatively  small  charges 
often  gave  high  velocities  of  projection,  without  any  indications 
of  injury  to  the  gun,  the  uniform  fulfilment  of  the  conditions 
essential  to  safety  proved  to  be  beyond  absolute  control,  even  in 

Suns  of  small  calibre ;  and  military  authorities  not  being,  in  those 
ays,  alive  to  the  advantages  which  mif^ht  accrue  from  the 
emplojrment  of  an  entirely  smokeless  explosive  in  artillery,  experi- 
ments in  this  direction  were  not  persevered  in.  At  the  same 
time,  considerable  success  attended  the  production  of  gun-cotton 
oartridges  for  sporting  purposes,  the  rapidity  of  ite  explosion 
being  controlled  by  various  methods ;  very  promising  results  were 
also  attained  with  the  Martini-Henry  rifie  and  a  lightly-compressed 
pulped  g^n-cotton  charge,  of  pellet  form,  the  uniform  action  of 
which  was  secured  by  simple  means. 

A  nearly  smokeless  sporting  powder  had,  in  the  meantime,  been 
produced  by  Colonel  Schultze,  of  the  Prussian  Artillery,  from 
finely-divided  wood,  converted  after  purification  mto  a  mildly 
explosive  form  of  nitro-cellulose,  and  impregnated  with  a  small 
portion  of  an  oxidising  agent.  Subsequenthr  this  powder  was 
produced  in  a  granular  form,  and  rendered  considerably  more 
uniform  in  character,  and  less  hygroscopic  ;  it  then  closely 
resembled  the  well-known  E.C.  sporting  powder,  which  consists 
of  a  nitro-cotton  reduced  to  pulp,  incorporated  with  the  nitrates 
of  potassium  and  barium,  ana  converted  into  srains  through  the 
agency  of  a  solvent  and  a  binding  material.  Both  these  powders 
produce  very  little  smoke  compared  with  black  powder,  but  do 
not  compete  with  the  latter  in  regard  to  accuracy  of  shooting, 
when  used  in  military  arms. 

In  past  years  both  camphor  and  liquid  solvents  have  been 
applied  to  the  hardening  of  the  surfaces  of  granulated  or  com- 
pressed masses  of  gun-cotton  and  of  this  class  of  its  preparations, 
with  a  view  to  render  them  non-porous.  In  some  smokeless 
powders  of  French,  Qerman,  Belgian,  and  English  manufacture, 
acetic  ether  and  acetone  have  been  also  used,  not  merely  to  harden 
the  srranules  or  tablets  of  the  explosive,  but  to  convert  the  nitro- 
oeUttlose,  in  the  first  instance,  into  a  more  or  less  ^latinous 
condition,  so  that  it  can  readily  be  incorporated  with  other 
components  and  rolled,  or  spread  into  sheets,  or  pressed  into 
moulds,  or  squirted  into  wires,  rods,  or  tubes,  while  still  in  a 
plastic  state.  When  the  solvent  has  afterwards  been  removed, 
the  hardened,  horn-like,  or  somewhat  plastic  product  is  cut  up 
into  tablets,  or  into  strips  or  pieces  of  suitable  dimensions,  for 
conversion  into  charges  or  cartndges. 

Another  class  of  smokeless  powder,  similar  in  physical  charac- 
teristics to  these  nitro-cellulose  powders,  but  containing  nitro- 
fflycerine  as  an  important  component,  has  been  originated  by 
Mr.  Alfred  Nobel,  the  well-known  inventor  of  dynamite,  and 
bears  resemblance  in  its  physical  characteristics  to  another  of  his 
inventions,  called  blasting  gelatine,  one  of  the  most  interesting 
of  known  violent  explosive  agents.  When  one  of  the  lower 
products  of  nitration  of  cellulose  is  impregnated  with  the  liquid' 
explosive,  nitro-glycerine,  it  gradually  loses  its  fibrous  nature, 
becoming  gelatinised  while  assimilating  the  liquid ;  and  the 
resulting  product  almost  possesses  the  characters  of  a  compound. 
This  preparation,  and  certain  modifications  of  it,  have  acquired 
high  importance  as  blasting  agents  more  powerful  than  dynamite, 
and  possessed  of  the  valuable  property  that  their  prolonged 
immersion  in  water  does  not  separate  from  them  any  apprecii^le 
proportion  of  nitro-glycerine.    The  nitro-glycerine  powder  first 

Sroduced  by  Mr.  Nobel  was  almost  penectly  smokeless  and 
eveloped  verv  high  energy,  accompcmied  by  moderate  pressures 
at  the  seat  of  the  charge,  but  it  possessed  certain  practical 
defects,  which  led  to  the  development  of  several  modifications  of 
that  explosive  and  various  improvements  in  manufacture.  The 
relative  merits  of  this  class  of  smokeless  powder,  and  of  various 
kinds  of  nitro*oellulose  powder,  are  now  under  careful  investiga- 
tion in  this   and   other   countries,    and   several   more  or   less 


formidable  difficulties  have  been  met  with  in  their  application,  in 
small  arms  especially ;  these  arise  in  part  from  the  comparatively 
great  heat  they  develop,  which  increases  the  erosive  efiiscts  of  the 
products  of  explosion,  and  in  part  from  the  more  or  les^  complete 
absence  of  soud  products.  The  suifaoes  of  the  barrel  and  of  the 
projectile  being  left  clean,  after  the  firing,  are  in  a  condition 
favourable  to  their  close  adhesion  while  the  bullet  is  propelled 
along  the  bore,  with  the  consequent  establishment  of  very  greatly- 
incrMsed  friction.  The  latter  difficulty  has  been  surmounted  by 
more  than  one  expedient,  but  always  at  the  cost  of  absolute 
smokelessness. 

Our  knowledge  of  the  results  obtained  in  France  and  Germany 
with  the  use  of  smokeless  powders  in  the  new  rifles  and  in  artillery 
is  somewhat  limited.  Our  own  experiments  have  demonstratea 
that  satisfactory  results  are  attainable  with  more  than  one  variety 
of  them,  not  only  in  the  new  repeating  arm  of  our  infantry,  but 
also  with  our  machine  guns,  with  field  artillery,  and  with  the 
quick-firing  guns  of  larger  calibre  which  constitute  an  important 
feature  in  tne  armament  of  our  Navy.  The  importance  of  ensuring 
that  the  powder  shall  not  be  liable  to  undergo  chemical  change 
detrimental  to  its  efficiency  or  safety  when  stored  in  different 
localities  where  it  may  be  subject  to  considerable  variations  of 
temperature  (a  condition  especially  essential  in  connection  with 
our  own  naval  and  military  service  in  all  parts  of  the  world), 
necessitates  qualities  not  very  easily  secured  m  an  explosive  agent 
consisting  mainly  of  the  comparatively  sensitive  nitro  compounds 
to  which  the  chemist  is  limited  in  the  production  of  a  smokeless 
powder.  It  is  possible,  therefore,  that  the  extent  of  use  of  such  a 
material  in  our  ships,  or  in  our  tropical  possessions  may  have  to  be 
limited  by  the  practicability  of  fulfilling  certain  special  conditions 
essential  to  its  storage  without  danger  or  possible  deterioration. 
If,  however,  great  aovantages  are  likely  to  attend  the  employment 
of  a  smokeless  explosive,  at  any  rate  for  certain  services,  it  will  be 
well  worth  while  to  adopt  such  special  arrangementa  as  may  be 
required  for  securing  these  without  incurring  special  dangers. 
This  may  prove  to  be  especially  necessary  in  our  ships  of  war, 
where  temperatures  so  high  as  to  be  prejudicial  even  to  ordinary 
black  powder  sometimes  prevail  in  the  magazines,  consequent 
mainly  upon  the  positions  assigned  to  them  in  the  ships,  but  which 
may  be  guarded  against  bv  measures  not  difficult  of  application. 

The  press  accounts  of  the  wonderful  periormances  of  the  first 
smokeless  powder  adopted  by  the  French— which,  it  should  be 
added,  were  in  some  respects  confirmed  by  official  reports  of 
officers  who  had  witnessed  experiments  at  a  considerable  distance 
engendered  a  belief  that  a  very  great  revolution  in  the  conduct 
of  campaigns  must  result  from  the  introduction  of  such  powders. 
It  was  even  reported  very  positively  that  noiselessness  was  one  of 
the  important  attributes  of  a  smokeless  powder,  and  highly- 
coloured  comparisons  have,  in  consequence,  been  drawn  in  Service 
periodicals,  and  even  by  some  military  authorities,  between  the 
battles  of  the  past  and  those  of  the  future,  the  terriffic  din  caused 
by  the  firing  of  the  many  guns  and  the  roar  of  infantry  fire  in 
heavy  engagements,  being  supposed  to  be  reduced  to  noise  so 
slight  that  distant  troops  would  fail  to  know  in  what  direction 
their  comrades  were  engaged,  and  that  sentries  and  outposts 
would  no  longer  be  able  to  warn  their  comrades  of  the  approaching 
foe  by  the  diMiharge  of  their  rifles.  Military  joumaLs  oi  renown, 
misled  by  such  legendary  accounts,  chiefly  emanatinfi:  from  France, 
referred  to  the  absence  of  noise  and  smoke  in  battles  as  greatly 
enhancing  the  demands  for  skill  and  courage,  and  as  surrounding 
a  fiffht  with  mystery.  The  absence  of  recoil  when  a  rifle  was  fired 
with  smokeless  powder  was  another  of  the  marvels  reported  to 
attend  the  use  of  these  new  agents  of  warfare.  It  need  scarcely 
be  said  that  a  closer  acquaintance  with  them  has  dispelled  the 
credit  given  to  such  of  the  accounts  of  their  supposed  qualities  as 
were  mythical,  and  a  belief  in  which  could  only  oe  ascrioable  to  a 
phenomenal  combination  of  credulity  with  ignorance  of  the  most 
elementary  scientific  knowledge. 

(To  he  corUinued.) 


ON  ALTERNATE  CURRENTS  IN  PARALLEL  CON- 
DUCTORS OF  HOMOGENEOUS  OR  HETERO- 
GENEOUS SUBSTANCE.'' 

BT  SIB  WM.   THOMSON. 

This  paper  consists  of  a  description  of  some  of  the  results  of  a 
full  mathematical  investigation  of  the  subject  which  I  hojpe  to 
communicate  to  the  Philoaophieal  Magazine  for  an  early  number. 

1.  Two  or  more  straight  parallel  conductors,  supposed,  for  sim- 
plicity, to  be  infinitely  long,  have  alternating  currents  maintained 
m  them  by  an  alternate-current  dynamo,  or  other  electromoti\'e 
agent  applied  to  one  set  of  their  ends  at  so  great  a  distance  from 
the  portion  investiffated,  that  in  it  the  currents  are  not  sensibly 
deviated  from  panJlel  straight  lines.  The  other  sets  of  ends  may, 
indifferently  in  respect  to  our  present  problem,  be  either  all 
connected  together  without  resistance,  or  through  resistances,  or 
through  electromotive  agents.  All  that  we  are  concerned  with  at 
present  is  that  the  conductors  we  consider  form  closed  circuits,  j^ 
one  closed  circuit,  and  that,  therefore,  the  total  quantities  of 
tricity  per  unit  of  time  at  any  instant  traversing  the  n( 
sections  in  opposite  directions  are  equal. 

2.  We  suppose  the  period  of  the  alternation  to  be  ve^^  ^  V< 
comparison  with  the  time  taken  by  light  to  traveon>^i 
equal  to  the  greatest  diameter  of  cross-section  of  '  '  jijxiy 
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of  ooodactora.  TbiB  Buppoaitioii  U  impli«d  in  tfaa  prsrioos 
utamptioiu  of  parallel  reotilinuritr  of  the  eleotrio  atrsBm-IiDM, 
■nd  of  Mjnality  of  the  qnaatiUee  of  olectrioity  travenioK  in 
oppomte  directionB  tho  Mveral  u«m  of  b  normal  Mcbioa. 

3.  ^Ve  turUier  sappoee  tbnt  tbe  length  of  onr  oonductora  and 
tboir  effective  ohmic  raaistanoM  are  so  moderate,*  that  the  qaanti- 
ties  of  electricity  depoBit«d  on  and  removed  from  their  bouadariee 
to  supply  the  otectrortatio  foroei  along  the  oondneton  reqnired  for 
producing  the  altemationi  of  the  onrrente,  are  negligible  in 
aompariaon  with  the  total  quantity  flowinK  in  either  Erection  in 
the  lialf  period.     Thia  aappoeition  eicludeB  important  practical 


X 


problems  of  tel^raphy  and  telephony,  the  problem  of  long 
nibinarine  cables,  (or  inatance,  bat  it  inoludea  the  problem  M 
electric  lighting  by  alternating  carrenta  trantmitted  at  high 
leoaioa  through  oonuderable  diitanoec^  ■•,  for  example,  from 
Deptford  to  London. 

4.  Tha  nnwal  inveetintion  iacladee  aa  readily  any  number  of 
•eparate  drcuila  of  parallel  oonducUirs  aa  a  single  oirouit,  bat  for 
Bimplicity  in  deBcribing  reaulti  I  suppose  our  ay«tem  of  oooductors 
to  be  ao  joined  at  their  ends  as  to  constitute  a  single  simple  circuit 
of  two  parallel  oonductore.  t  It  may  be  ei^r  two  parallel  con- 
dacton  or  one  oondnotor,  one  of  which  may  or  may  not  surround 
the  othar,  aa  shown  in  Figa.  1  and  2,  representing  c 


and  uniformity  of  potential  through  A',  even  withoat  the  limita- 
tion of  our  subject  laid  down  in  Section  3. 

7.  The  following  are  some  of  the  most  noteworthy  reaalta 
of  the  full  mathematical  treatment  of  the  subject : 

L  When  the  period  of  alternation  is  large  in  comparison  with 
400  times  the  square  of  the  greateet  thickness  or  diameter  of  any 
of  the  conductors,  multiplied  by  its  magnetic  permeability,  and 
divided  by  its  electric  resistivity,  the  current  intsnaity  is  distri- 
buted through  each  conductor  inversely  aa  the  electric  resistivity  ; 
the  phase  of  alternation  of  the  current  is  the  saRie  as  the  pliaae  of 
the  E  M.F,,  and  the  current  acrosB  every  infinitesimal  area  of  the 
cross-section  is  calculated,  aooording  to  the  E.M.F.  at  each  instant, 
by  simple  application  of  Ohm's  law. 

IL  When  the  period  is  vei^  smaU  in  comparison  with  400  times 
the  tquare  of  the  smallest  thickness  or  diameter  of  any  of  the  con- 
doctors,  Tialtijilied  by  its  magnetic  permeability,  and  divided  by 
its  electric  resistivity,  the  current  is  confined  to  an  exceedingly 
thin  surface  stratum  of  the  conductors.  The  thicknase  of  this 
stratum  is  directly  as  the  square  root  of  the  quotient  of  resistivity, 
divided  bv  magnetic  permeability  of  the  sobstAnce  in  different 
parta  of  the  surface.  The  total  quantity  of  the  current  per  unit 
breadth  of  the  surface  is  independent  of  the  material,  and,  except 
in  snch  oasea  as  those  referred  to  at  the  end  of  n.  below,  varies  in 
each  cross-section  in  simple  proportion  to  the  electric  surface 
density  of  the  static  electrification  induced  by  the  E.  M.F.  applied 
between  the  extremities  for  mainUining  the  oarrent.  The  dutri- 
botioD  of  this  electric  density  is  similar  in  all  cross-sections,  but 
its  abaolate  magnitude  at  corresponding  points  of  the  cross- section 
variea  along  the  length  of  the  conductor  in  simple  proportion  to 
the  diflerenoe  of  electric  potentials  between  A  and  A  ,  and  ia  zero 
at  one  end  in  the  particular  oMe  in  which  the  conductors  are 
connected  through  zero  resistance  at  one  end  while  the  E.M.F.  is 
applied  by  an  alternate-current  dynamo  at  the  other  end.  On  the 
other  hand,  the  suriaoe  distribution  of  electric  current  is  uniform 
throughout  the  whole  length  of  the  conduotora,  and  it  is  only  its 
j:-.-iI;..>: —  :_  different  parts  of  the  oross-section  that  varies  as 

it  to  electric 


distribution  in 


9  in  ?igs.  1  and  2,  or  either  may 


Each  conductor  may  be  single, 
be  multiple  parallels. 

5.  We  sappose  each  conductor  to  be  homogeneous  In  substance 
and  in  cross-section  from  end  ta  end,  but  not  necessarily  homoge- 
Deoua  In  different  parts  of  the  cross-section.  Thus  the  two 
conductors,  or  the  different  parts  of  either,  may  be  of  different 
metals,  or  tuther  conductor,  or  anv  part  of  either  oondnotor,  may 
consiat  of  two  metals  (as  iron  and  copper  or  iron  and  lead)  laid 
parallel  and  soldered  togetber. 

6.  We  ahall  call  A  and  A'  the  cresa-aactional  areas,  or  groups  of 
areas  of  the  two  conductora,  respectively,  of  the  other.  All  the 
diSsrent  portions  of  A  ore  connected  metallioally  at  their  two 
ends,  and  are  thus  all  ot  them  at  one  potential  at  one  end  and 
another  potential  at  the  other  end,  and  similarly  for  A'.  The 
bomogenaoiisneas  of  the  material  and  of  the  cnMS-sections  along 
the  length  of  the  conductors,  and  the  uniformity  of  the  tot^ 
currents  aaeunaed  in  Section  3,  implies  that  all  the  difierenU  ports 
ot  A  in  one  otoss-sectioDol  plane  are  at  one  potential,  even  though 
A  conmst  of  mutually  isolated  parts,  or  A'  consist  of  mere  isolated 
pvts.  If,  as  in  Figs.  I  and  2,  all  the  parts  of  A  are  in  mutual 
metallic  connection,  and  ail  ports  of  A'  are  in  mutual  metallic 
'"I,  this  would  ent«il  uniformity  of  potential  through  A, 


*  Ttie  cirmiBStanoee  in  which  this  condition  is  fulfilled  may  be 
naefolly  illustrated  by  considering  the  important  practical  cases 
of  solimBrine  cables,  and  of  metallic  cireuits  of  two  parallel  wires 
insulated  at  a  distance  anything  leas  than  a  tew  hundred  times 
tlieir  diameter.  For  all  these  cases  the  numeric  expressing  the 
elsottiBtatio  capacity  ot  either  conductor  (the  other  supposed 
lor  the  moment  to  be  at  zero  potential)  is  l>etween  2  and 
f^  in,  and  for  our  present  rough  comparison  may  be  re^nled 
,  2*^  ''-^^tModerate  in  aompariaon  with  unity.  On  this  supposition  the 
,  *^^^iitMMl>n  of  the  text  requires  for  fulfilment  that  the  mean  propor- 
"*  '   ■       ti  tba  velooity  which  expresses 


le  ot  the  oonduoton,  and 


itromagnetic 
the  Tewdt  J 


density,  asserted  above,  tails  clearly  In  any  case  In  which  the  cir- 
cumstances are  such  that  the  distance  we  must  travel  along  the 
surface  to  find  a  sensible  difference  in  electric  density  is  not  very 
great  in  oomporison  with  the  thickness  of  the  current-stratum. 
Such  a  cB.8e  is  represented  in  Fig.  3,  which  ia  drawn  to  scale,  for 
alternate  currents  of  period_^th  ot  a  second  in  round  rods  of 
copper  of  6  cms.  diameter.  The  spaces  between  theontor  ciroular 
boundaries  and  the  inner  fine  cireles  indicate  what  I  have  called 
themhoio  bhickneas,{  being  '714  of  a  centimetre  for  copper  of 
— --■--*-  1,611  square  centimetres  per  second.  The  full  solution 
:aBe  as  that  represented  in  Fig.  3  belongs  to  the  large 
es  intermediate  between  I.  and  11.,  ana  could  only  be 
arrived  at  by  a  kind  ot  transcendent  matbematics  not  hitherto 
worked.     But  without  working  it  oat  it  is  ea^  t"      ""  "" —  **" 


for  such  a 


intensity  of  the  current  will  dimmish  inwards  from 
the  surface,  and  will  be  at  any  point  of  either  of  the  Inner  fine 
circles,  about  (Hie-half  or  one-thiniot  whatiL  ia  at  the  nearest  point 
ot  the  boundary  surface,  and  that  at  pointe  in  the  aurfoce,  distant 
from  B  B'  by  one-half,  or  one  or  two  times  the  mhoio  thicknees, 
the  current  intensity  will  be  much  smaller  than  it  ia  at  B  B'. 

IIL  In  case  I.  the  heat  generated  per  unit  of  time,  per  unit  of 
volume,  in  different  parts  of  the  conductora,  is  inversely  as  the 
electric  resistivity  of  the  aubstanoe,  and  direotly  as  the  sqoaie  of 


Bxceadlngly  s 

case  of  a  single  circuit  made  up  of  parallel  oonductots, 
so  joined  at  their  ends  that  to  travel  once  round  it  we  most  go  and 
come  two  or  three  or  more  times  along  separate  conductors,  joined 
by  their  ends  in  series,  so  as  to  make  one  cireoit,  ia  speoially  oon- 
sidned  in  my  paper  on  "Anti-ESiBctive  Copper  in  Parallel  or  in 
Colled  Coodnatora  for  Alternating  Cnn«nte,  to  be  communicated 
presently  to  Section  A. 
t  Collected  Fapere,  ToL  UL,  Art.  ClI.,  Sec  3S 
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the  total  strensTth  of  cnrreiit  at  any  instant.  In  case  n.  the  time- 
average  of  the  neat  generated  per  unit  of  time,  per  unit  of  area  of 
the  current  stratum,  is  as  the  time-average  of  the  square  of  the 
quantity  of  current  per  unit  breadth,  multiplied  bv  the  square 
root  of  the  product  of  the  electric  resistivity  into  Uie  magnetic 
permeability. 

rV.  Example  of  in. — Let  the  conductor,  A,  be  a  thin  flat  bar,  as 
shown  in  the  diagram.  Fig.  4,  A'  being  a  tube  surrounding  A,  or 
another  flat  bar  like  A,  or  a  conductor  of  any  form  whatever,  pro- 


X 


vided  only  that  its  shortest  distance  from  A  is  a  considerable 
multiple  of  the  breadth  of  A.  The  thickness  of  A  must  be  suffi- 
ciently great  to  satisfv  the  condition  of  II.,  and  its  breadth  must 
be  a  large  multiple  of  its  thickness.  (For  copper  carrying  alter- 
nating currents  of  frequency  80  periods  per  second,  these  condi- 
tions will  be  practically  fulfilled  by  a  flat  bar  of  4  cms.  thickness, 
and  30  or  40  cms.  breadth).  The  current  in  it  is  chiefly  confined 
to  two  strata  extending  to  small  diotancee  inwards  from  its  two 
sides.  For  copper  and  frequency  80  periods  per  second,  the  time- 
maximum  of  intensitv  of  the  current  at  the  surface  will  be  about 
€*,  or  7*4,  tames  what  it  is  at  a  distance  1*43  cms.  in  from 
the  surface.  The  quantity  of  current  per  unit  breadth,  or, 
as  we  may  call  it  for  brevity,  the  surface-density  of  the  current 
in  each  stratum,  is  determined  by  the  well-known  solution 
of  the  problem  of  finding  the  surface  electric  density  of  an  elec- 
trified ellipsoid  of  conductive  material  undisturbed  by  any 
other  electrified  body.  The  case  we  have  to  consider  is  that 
of  an  ellipsoid  whose  longest  diameter  is  infinite,  medium 
diameter  tne  breath  of  our  flat  conductor,  and  least  diameter 
infinitely  smalL    In  this  case  the  electric  density  varies  inversely 

as  VCOB'-OP").    The  graphic  construction   in   the   drawing 

shows  P  Q= /7(0B<-P0>),  and  we  conclude  that  the  time- 
maximum  of  the  surface  density  of  the  current  varies  inversely  as 
PQ.  The  infinity  which  in  the  electric  problem  we  find  for 
electric  density  of  the  ideal  conductor,  is  obviated  for  the  electric 
current  problem  by  the  proper  consideration  of  the  rectangular 
corners,  or  the  rounded  ed^  (as  the  case  may  be),  of  our  copper 
bar,  which,  though  exceedingly  interesting,  is  not  included  in 
the  present  communication.  Suffice  it  to  say,  that  there  will  be 
no  infinities  even  if  the  corners  be  true  mathematical  angles. 

V.  Examples  of  cases  I.  and  JL-rLelb  A  consist  of  three  circular 
wires,  G,  L,  and  I,  of  copper,  lead,  and  iron  respectively.  In  case 
L,  the  quantities  of  the  whole  current  they  wUl  carry,  and  the 
(quantities  of  heat  generated  per  unit  of  time  in  them,  will  be 
inversely  as  their  rislstivities.  In  case  II.,  if  the  centres  of  the 
three  circular  cross-sections  form  an  equilateral  triangle,  the  quan- 
tities of  heat  generated  in  them  will  be  directly  as  the  square  roots 
of  the  resistivities  for  G  and  h ;  and  for  I  would  be  as  the  square 
root  of  the  product  of  the  resistivity  into  the  magnetic  perme- 
ability, if  the  magnetic  permeabikty  were  constant  and  the 
viscous  or  frictional  resistance  to  change  of  magnetiam  nothing 
for  the  iron  in  the  actual  circumstances.  This  last  supposition  is 
probably  true,  approximately,  with  a  permeability  of  V^Ui  for  iron 
or  steel,  according  to  Lord  Rayleigh,  if  the  current  is  so  small 
that  the  greatest  magnetising  force  acting  on  the  iron  is  less  than 
•1  G.G.S. 

VI.  The  dependence  of  the  total  quantity  carried  on 
extent  of  suxiace,  according  to  the  electrostatic  problem 
described  in  II.,  justifies  Snow  Harris,  and  proves  that  those 
who  condemned  him  out  of  Ohm's  law  were  wrong,  in  respect 
to  his  advising  tubes  or  broad  plates  for  lightning  conduc- 
tors, but  does  not  justify  him  in  brinjging  them  down  in  the 
interior  of  a  ship  (even  through  the  powder  magazine), 
instead  of  across  the  deck  and  down  its  sides,  or  from  the 
masts  along  the  rigging  and  down  the  sides  to  the  water.  The 
non-depenoence  of  the  total  (quantities  of  current  on  the  material, 
whether  iron  or  non-maffnetic  metals,  Boems  quite  in  ac(X>rdance 
with  Dr.  Oliver  L(xige^  experiments  and  doctrines  regarding 
*<  alternative  path"  and  lightning  conductors.  The  case  of 
alternate  currents  is,  of  course,  not  exactly  that  of  lightning 
discharges,  but  from  it,  by  Fourier's  methods,  we  infer  the  main 
oondusTons  of  n.  and  v ..  whether  the  dis(diarges  be  osdUatory  or 
non-oscillatory,  provided  only  that  it  be  as  sudden  as  we  have 
reason  to  believe  lightning  discharges  aro. 

DiSOUSSIOK. 

Trot  BofiTlABd  said  that  he  had  considered  these  alternating 
currents  in  parallel  conductors,  and  he  believed  he  gave  a  theorem 
with  regard  to  the  distribution  in  the  case  of  perfMt  conductors. 
He  thought  that  that  was  the  only  case  in  which  the  problem 
could  be  solved.  In  that  case  the  distribution  was  exactly  tJie 
same  as  it  would  have  been  if  they  had  been  charged  with  elec- 
tricity at  rest,  and  there  was  some  theorem,  which  he  had  almost 
forgotten  now.  with  regard  to  the  self-induction  and  the  capacity. 
In  that  special  case  the  self-inducting  capacity.  Of  course,  that 
was  a  much  more  limited  problem  than  that  Sir  Williun  Thomson 
had  given,  but  he  thought  it  led  to  interesting  results.  It  guided 
them  in  their  ideas  with  regard  to  the  distribution*  because  in  the 


case  of  perfect  conductors  the  distribution  of  the  current  was 
exactly  tne  same  as  the  distribution  of  the  density  in  the  case  of 
conductors  at  rest,  so  making  the  conductivity  a  little  less  than 
that;  and  they  were  guided  to  some  extent  by  that  theorem. 
But  he  did  not  know  thiAt  any  solution  had  ever  been  obtained  in 
the  case  where  the  conductors  were  not  perfect,  and  Sir  William 
Thomson  has  found  a  solution  of  that  nature. 


COMPANIES'  MEETINGS. 


BRUSH  ELECTRICAL  ENGINEERING  COMPANY. 

The  first  annual  (general  meeting  of  the  shareholders  in  the  Brush 
Electrical  Engineengg  Gompany,  JLiinited,  was^eld  on  Monday  at 
the  Gannon-street  Hotel,  when  the  Right  Hon.  Lord  Thurlow, 
F.R.S.  (the  chairman  of  the  Gompany)  occupied  the  chair. 

The  notice  convening  the  meeting,  having  been  read  by  these(sre- 
tary  (Mr.  E.  Garoke), 

The  GtMdmuui  said  :  Gentlemen,  as  this  is  the  first  time  I  have 
had  the  honour  of  addressing  you  at  an  annual  meeting  of  the  Brush 
Electrical  Engineering  Gompany,  perhaps  you  will  pard(m  me  if  I 
say  a  few  words  in  explanation  of  the  position  we  at  present 
occupy,  and  to  deec^be  the  prospects  and  the  financial  and  other 
results  of  the  amaknmation.  You  will  recollect  that  a  statu- 
tory meeting  of  this  Gompany  was  held  cm  November  26th,  and 
that  on  that  (xscasicm  it  was  reported  that  the  reconstruction 
and  amalganr^ticm  of  the  Brush  Company  with  the  AustraJasian 
and  other  (X)mpanies  had  been  satisfactorily  completed,  and  as  we 
sta^d  here  to-oay  that  position  has  assumed  a  practical  reality. 
Then,  as  regards  the  re(Hmstructi(m  of  the  Anglo-American  Brush 
Electric  Lignt  Gorporation,  I  (think  little  more  can  be  told  you 
than  what  you  know.  We  have,  of  (x>urse,  retained  our  works  in 
Belvedere-road;  in  fact,  we  have  retained  everything  that  we 
possessed,  and,  in  addition  to  that,  we  have  acquired  the  valua|)le 
patents  and  the  assets  of  which  you  are  aware.  New  shares  were 
issued,  and  the  old  shareholders  ^t  the  new  shares  at  the  rate  oi 
two-thirds  ordinary  and  one-third  preference.  As  reputlB  our 
new  Falcon  business  at  Loughborougn,  I  will  at  a  later  stage  give 
you  a  description  of  what  those  works  ccmsist.  At  the  present 
time  it  will  oe  sufficient  to  sa^  that  no  time  was  lost  in  taking 
those  works  over,  and  that  we  immediatelyprocseeded  to  spend  what 
has  turned  out  to  be  an  amount  of  about  £20,000  in  erecting  the  new 
establishments  to  enable  us  to  (instruct  the  heavy  macshines  we 
are  now  being  called  upon  to  turn  out.  Then,  as  regards  the 
Australasian  Gompany,  you  will  remember  that  the  origiiial  acsheme 
was  that  we  should  take  over  the  entire  budness,  their  patent 
rights  and  stores,  and  issue  to  them  £45,500  in  shares  and  £500 
in  cash.  The  negotiations  in  connection  with  this  matter  were 
very  protracted,  not  on  account  of  any  unwillingness  on  their  part 
to  enter  into  the  arrangement,  but  because  of  the  practical 
difficulty  in  assessing  the  value  of  the  assets.  However,  those 
negotiations  were  satisfactorily  (X)n(sluded,  but  with  a  otftain 
m(xiification.  The  modification  was  that  this  Gompany,  instead 
of  taking  over  the  stores,  the  fioatin^  assets,  and  the  Uabilitieey 
took  over  onlv  their  patents  and  interest  in  tibe  Melbourne 
Gompany,  and  agreed  to  issue  £31,000  full^-paid  up  shares  to 
them  in  the  same  proportion  as  was  previously  agreed  upon. 
There  were  some  subsequent  negotiations  following  t&t,  owing  to 
the  inability  at  the  time  of  the  Australasian  Gompany  to  give  a 
good  title  to  everything  that  had  been  8(}heduled.  The  final 
result  was  that  we  t(x>k  over  their  stores  and  their  patents.  The 
negotiations  were  difficult,  but  if  it  had  not  been  for  tiie  (X>n(alia- 
tory  way  in  which  we  were  met  by  Mr.  Van  Tromp,  the  (shairman 
of  the  company,  and  the  liquidators,  I  think  the  difficulty  would 
have  been  so  great  that  it  might  have  fallen  through  altogether, 
and  that,  I  think,  would  have  been  very  regrettablcb  'Hien, 
although  that  is  the  final  result  at  which  we  have  arrived,  nego- 
tiations are  still  taking  place  with  a  view  to  the  Brush  Gompany 
taking  over  the  whole  of  their  stores.  From  the  first  we  nave 
said  tnat  we  would  not  take  over  their  assets  and  liabilities,  and 
from  that  position  we  have  not  departed ;  but  in  taking  over  their 
business  in  Australasia  and  other  places,  there  is  thus  opened  up  for 
us  an  enormous  field  for  business,  and  one  which  will  imuire  very 
considerable  energy  on  our  pait  to  do  it  justice.  To  enaole  us  to 
grasp  more  fully  the  position  which  the  Board  will  (xxmpy  with 
regard  to  that  part  of  the  world,  we  requested  Gapt.  Rowan,  the 
very  effi(dent  manager  of  the  company  there,  to  ootae  over  here 
from  Australia  in  order  to  advise  us  upon  all  points.  He  came  here ; 
we  had  lengthy  meetings,  and  we  entered  f idly  into  every  point,  and 
we  finally  made  satisfactory  arrangements  by  engaging  him  for 
a  term  of  years.  He  has  now  g^one  out  to  take  c£azge  of  our 
business,  and  to  look  after  oar  mterests.  The  final  outcome  of 
this  amalgamation  is  as  follcvws:  we  have  issued  to  the  Anglo- 
American  Brush  shareholders  £156,942  of  ordinary  diares  and 
£104,628  of  preference  shares;  we  have  issued  to  the  Falccm 
Gompany  £33,906  in  ordinary  shares  and  £22,200  in  preference 
shares,  and  we  have  issued  to  the  Australasian  Gompany 
£16,500  in  ordinary  and  £11,000  in  pr^eren(se  shares.  The 
balanoe  of  the  capital,  which  appears  in  the  balance-sheet, 
is  £24,192  in  ordinary  shares  and  £164  in  preference  shares.  I 
think,  when  ycm  look  at  the  balance-sheet  ana  see  that  on  all  these 
transacticms  we  have  only  £266.  10s.  in  outstanding  arrears,  you 
will  ame  with  me  that  the  whole  cd  the  business  has  been  satis- 
factomy  carried  out.  These  arrears,  of  course,  are  being  collected 
and,  in  due  course,  they  will,  I  think,  disappear  altogether.  Then 
I  come  to  the  debentures.  The  debentures  of  £75,000  which 
the  new  Gompany  issued  could,  of  course,  only  be  israed  wiUi  the 
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opoaent  of  the  debenture-holdora  of  the  orif>:iiial  company.  We  had 
either  to  get  their  consent  to  convert  their  debentnrea  into  new 
debentures,  or  pay  tfxem  off.    The  lone  and  the  short  of  it  was  that 
they  met  as  in  a  friendly  spirit,  and  tney  agreed,  with  tiie  excep- 
tion of  £7,900  worth,  to  take  the  new  debentures  for  the  old.  That 
amount  of  debentures  had  to  be  purchased  bv  the  liquidators  of 
the  old  company,  and  they  form  a  very  valuaole  security  for  any 
■hareholder  who  likes  to  get  6  per  cent!  for  his  money.    I  think  it 
very  desirable— for  reasons  that  I  need  not  go  into — ^to  keep  these 
detentures  amongst  ourselves.    For  my  own  paii;,  I  intend  to  take 
up  some,  and  I  should  strongly  urge  the  shar^olders  of  this  Com- 
pany to  absorb  these  debcuatures.    We  will  retain  them  in  our 
hands  for  a  limited  time  for  that  purpose.    I  should  like  to  say  a 
few  words  with  regard  to  the  general  efiSciency  of  the  combined 
works  which  we  now  possess.    The  Brush  Works  are  very  satis, 
factory ;  the  Falcon  Works  are  extremely  satisfactory,  but  the 
combination  of  the  two  for  the  oarryin?  on  of  the  electrical  engi- 
neering business  places  us  in  an  enviable  position.    The  situation 
of   these   Falcon   Works   is  everything  that  could  be  wished. 
It  is  just  far  enough  out  of  London   to  enable  us  to  obtain 
the    cheapest,    best,    and    most    skilled   of    labour    and    the 
'  cheapest  lueL     In   addition  to  that,  it  is  situated  on  one  of 
the  main  lines  of  the  railway  system  of  this  country,  the  Midland, 
bringing  us  in  connection  with  the  great  arteries  of  the  trade  and 
oonmeroe  of  Qreat  Britain.    We  have  a  stotion  at  our  doors,  and 
sidings  actually  at  our  works,  so  that  I  think,  from  that  point  of 
view,  the  Falcon  Works  form  an  eminently  satisfactory  purchase. 
Of  course,  there  are  special  kinds  of  machinery  which  we  can 
manufacture  more  satiszaotorilv  at  Belvedere-road,  but  the  heavy 
oaetings  and  the  larger  kinds  of  machinery  we  can  make  with  very 
great  advantage  and  on  mOre  favourable  terms  at  the  Falcon 
Works  than  we  can  elsewhere.   The  Falcon  Works  comprise  about 
seven  acres  of  ground,  or  about  35,646  square  yards.  Tnat  is  many 
times  larger  than  the  works  we  have  in  Belvedere-road.    Koughly 
speaking,  about  two-thirds  of  that  space  is  covered  by  the  old 
shops,  and  by  those  that  we  have  subsequently  built.    I  think  it 
would  be  h^hly  satisfactonr    to   any   shareholder    who   takes 
an  interest  in  this  business  u  he  would  take  the  time  and  the 
opportunity  to  go  down  there  and  look  these  things  over  for 
himself.    I  am  sure  that  he  will  form  a  satisfactory  opinion,  and 
that  he  will   come  to  the  conclusion  that  the  purchase  is  an 
eminently  desirable  one.    The  taking  over  of  the  Falcon  Works 
places  us  in  the  position — in  conjuncuon  with  the  Belvedere-road 
Works— to  manufacture  and  take  the  intermediate  profits  for 
that  class  of  work  which  we  were  not  able  to  manufacture  before. 
The  lifting  power  at  the  new  works  is  all  that  could  be  desired  - 
an  imporUnt  matter  when  we  remember  the  heavy  class    of 
machinery  we  shall  turn  out  there — some  of  the  parts  weighing 
15  tons  or  more.  The  foundry,  for  instance,  is  fittea  with  a  lo-ton 
overhead  travelling  crane.    In  those  works,  then,  we  shall  be  able 
to  cope  with  work  of  almost  any  magnitude.    I  should  like  now 
to  aay  a  few  words  with  regard  to  our  expenses,  and  the  profits 
earned.    The  profits  we  have  earned  appear,  of  course,  m  the 
balance-sheet,  and   you   can   therefore  judge  for  yourselves.    I 
would    remind    you,   however,    that    you    cannot    very     well 
compare    the    balance-sheet    of    this     amalgamated    company 
with  the  balance-sheet  of  the  Brush  Company  that  preceded 
it.     Yon  can,  however,  contrast  the  figures,  and  see,  for  mstance, 
how  the  standing  charges  compare  with  those  of  the  previous 
company.    You  will  find  that  the  standing  charges  have  slightly 
increased,  but  that,  I  am  bound  to  say,  could  not  be  otherwise 
when  you  consider  the  expenses  of  the  amalgamation,  and  the 
taking  over  of  these  additional  works  at  Loughborough,  and  other 
things.      You  wHl  find,  then,  that  they  have  increased  from 
£11,131 — ^I  am  speaking  of  the  Brush  stanaiuff  charges  of  1888— 
to  about  £16,000.    I  don't  know  that  I  can  hold  out  very  much 
hope  of  these  standing  charges  being  much  reduced  in  the  future. 
Of  course,    we   shaU   do   all   we   can   in   that  direction,  but 
I    am   bound    to    say    that   I   do   not    hope    they   will    be 
reduced,    because    as    the    business    increases    ana    extends, 
so  also  must  the  standing  charges.    There  is  no  extravagance, 
nor  even  want  of  proper  care  and  attention.    It  is  one  of  the 
inseparable  results  of  an  extending  business.   As  regards  the  liqui- 
dator's balance  of  £9,979,  I  think  you  may  make  your  minds  quite 
easy  upon  that.    There  is  no  loss  upon  that,  because  £7,000  of 
that  amount  is  represented  by  the  aebenturss  of  the  old  Brush 
Company  which  the  liquidators  liave  purchased.    The  balance 
consists  of  small  debts  and  accounts,  the  bulk  of  which  will  be 
roaliBed  in  due  course.    We  have  washed  our  hands  of  litigation 
pcetty  well,  as  you  all  know,  and  I  think  we  are  all  thankful  for 
that.    The  only  remnant  is  the  King-Brown  action.   You  recollect 
that  we  bad  an  action  over  the  compound-winding  machine.    It 
waa  decided  in  our  favour,  and  every  manufacturer  in  England 
agreed  to  pay  us  a  certain   royalty.    A    firm  in   Edinburgh, 
however,  thought  it  worth  their  while  to  have  the  action  tried  in 
the   Scotch   courts.      It   was   tried   in    the    courts    of   Edin- 
bur]^,   and    after   a    len|[thy    but    not    very    costly    litiga- 
tion,   it  was   decided   u^amst  us.     We  appealed  naturally  to 
the  Court  of  Sessions,  and  we  lost  the  appeal.    We  then  si^ified 
our  hfttention  of  taking  it  to  the  highest  court  of  appeal  m  the 
kingdom — the  House  ox  Lords.    It  will  not  involve  any  very  great 
expanse.    I  say  we  are  bound  to  bring  it  to  the  final  court  of 
appeal  for  two  reasons :  in  the  first  place,  because  the  English  courts 
<«  law  gave  a  decision  in  our  favour  years  ago,  and,  in  the  second 
place,  Mcanse  we  wish  to  justify  our  position  in  having  received 
these  royalties  from  every  maker  in  Great  Britain  for  some  years 
past.    Of  course,  it  is  impossible  to  say  what  the  decision  may  be, 
but  if  we  gain  the  case,  we  shall  continue  in  the  receipt  of  these 
royalties,  which  form  a  valuable  source  of  revenue.    Then,  with 
regard  to  the  policy  we  have  pursued  in  obtaining  provisional  orders* 


You  know  the  Board  of  Trade  granted  provisional  orders,  and  that 
after  a  certain  lapse  of  time  they  had  to  oe  taken  to  Parliament,  and 
you  know  also  that  many  of  the  electric  companies  which  are  our 
oompetitors  have  largely  applied  for  these  orders.    We,  as  a  rule, 
have  confined  our  applications  to  places  where  we  had  interests — 
to  Bournemouth  for  instance,  where  we  have  large  interests  involved. 
We  have,  as  a  result  of  these  applications,  already  acquired,  as 
you  know,  the  Bournemouth  order  and  the  order  for  lighting  of  a 
portion   of   the  City.    The  City  has  been  divided  mto   three 
great  districts,  and  we  have  obtained  the  central  one.    We  have 
some  months  before  us  before  we  commence  work,  and  that  work 
is  to  be  carried  out  in  a  period  which  will,  we  think,  satisfactorily 
meet  all  the  requirements  of  the  case.    The  cost  of  carrying  out 
the  provisional  order  will  amount  to  about  £300,000.  That  is  a  very 
large  item  of  business.    You  don't  suppose  tiiat  we  are  going  to 
do  all  our  business  for  nothine,  and  therefore  that  wUl  prove  a  very 
valuable  order  indeed.    We  have  at  our  Board,  as  you  xnow,  some 
of  the  most  experienced  men  in  electric  lighting  and  engineer- 
ing, and  we  snail  spare  no  time  or  labour  to  carry  out  that 
oraer  in  such  a  way  as  will  redound  to  the  credit  of  thii  Com- 
pany.   I  will  only  now,  with  your  permission,  say  a  few  woids 
about  the  dividend.    You  will  see  that  the  profit  and  loss  account 
shows  a  gross  profit  of  £36,698,  and,  after  deducting  all  the  stand- 
ing charges,  the  cost  of  the  maintenance  of  plant  and  buildinffs, 
and  the  interest  on  debentures,  there  remains  a  balance  of  £14,^5. 
Of  that  it  is  proposed  to  write  off  £3,000  to  the  reduction  of  the 
property,  patents  and  goodwill  account,  £625  for  the  reduction  of 
the  preliminary  expenses,  and  £500  to  the  reduction  of  the  pro- 
visional orders  account.    Thatiyon  will  find,  will  leave  a  balance 
of  £10,426  to  appropriate.    We  have  already  made  an  interim 
dividend,  absorbing  £3,808.  6s.  lOd.,  upon  the  preference  shares 
for  the  six  months  nom  August  10th  to  February  lOth  last,  and  it 
is  proposed  to  apply  £3,5057  4s.  6d.  to  the  payment  of  a  further 
dividttid  upon  these  shares,  making  up  the  full  preferential  dividend 
at  the  rate  of  6  per  cent,  per  annum  from  the  date  of  tiie  registration 
of  the  Company  to  June  30, 1890.    A  balance  of  £2,796. 14s.  9d.  will 
be  available  to  carry  forward  to  the  next  account.    But  though 
we  have  chosen  to  recommend  the  writing  off  of  certain  amounts, 
I  hardly  think  myself  that  it  is  necessary  to  write  them  offl    For 
instance,  we  are  writing  off  an  amount  on  account  of  suspense 
account  and  provisional  orders.    And  you  might  not  think  it 
necessary  in  the  first  year  of  our  existence  to  write  off  £3,000  from 
property  account,  or  to  write  off  a  portion  of  our  preliminary 
expenses,  which  only  amount  to  £1,800.    Although  we  recommena 
the  writing  off  of  these  amounts,  you  are  not  compelled  to  do  so, 
and  you  ynH  find  in  that  event  £6,800  available  for  dividend  on  your 
ordinary  shares.    That  would  represent  a  dividend  on  only  11 
months  working  of  3  per  cent.,  after  paying  the  fixed  dividend  on 
the  preference  shares,  the  debenture  (uuffges,  and  other  legitimate 
expenses.    And  when  you  take  that  into  consideration,  together 
with  the  profits  accruing  this  year  from  the  Australasian  Company, 
that  is  not  a  very  bad  show  for  the  first  year  of  this  Company.    At 
the  same  time,  we  don't  recommend  you  to  take  the  dividend. 
We  would  rather  you  appropriated  it  in  the  way  suggested  in  the 
balance-sheet.    We  feel  sure  that  this  is  necessary  if  we  are  to 
occupy  in  the  future  a  strong  -financial  position  as  well  as  a  strong 
acting  position.    Nobody  can  occupy  a  strong  financial  position  in 
this  city  of  London  unless  they  act  on  certain  well-known  and 
recognised  rules.    One  of  our  reoogmsed  rules  is  to  write  off  on 
property  and  patents  account  as  much  as  we  can  afford  in  the 
year,  and  also  a  portion  of  other  charges  which  may  be  of  an 
exceptional  character.    I  say,  then,  that  the  line  on  which  this 
balance-sheet  has  been  drawn  out  and  approved  by  our  auditors, 
and  on  which  the  appropriation  scheme  nas  been  made,  is  one 
of   sound   finance,    and  1  think  you   will  do  very   wisely   in 
accepting  it.    There  is  another  reason  why  we  should  occupy 
a  strong  financial    position.    We  have  this  big  City  contract 
with  £300,000  looming  in  the  distance.    That  has  to  be  got  to  do 
the  work.    We  shall  receive  payments  on  account  as  3ie  work 
may  progress,  but  undoubtedly  we  cannot  enter  upon  the  carrjring 
out  of  that  contract  wiUiout  a  certain  amount  of  ready  mon^  in 
hand.    Although  we  have  now  fair  cash  balances,  a  large  amount 
on  deposit  andT due  to  us,  and  everything  in  the  most  satisfactory 
shape,  yet  such  a  large  contract  as  I  Imve  mentioned  will  very 
protmbly  require  some  provision  to  be  made  for  some  extra  finan- 
cial assistance.    That,  at  least,  is  my  opinion  to-day.    I  don't  say 
it  is  absolutely  necessary,  or  that  it  wul  be  so ;  but,  at  any  rate, 
you  need  not  be  surprised  if  we  have  to  go  before  the  shareholders 
or  the  public  or  the  debenture-holders  to  receive  any  fresh  money 
that  may  be  required.    And,  if  such  an  event  should  occur,  it  u 
necessary,    of  course,   that  our  last  balance-sheet   should   be 
thoroughly  sound.    For  this  reason  I  hope  jovl  will  see  your  way 
to  accede  to  the  appropriation  scheme  we  have  drawn  out  in  the 
balance-sheet  for  the  psist  year. 

mr.  B.  H.  Van  Vramp  seconded  the  motion.  The  Company, 
he  said,  was  on  the  high  road  to  being  a  very  great  success,  and 
he  had  no  doubt  whatever  that  when  tne  Directors  met  the  share- 
holders again  next  year  th^  would  have  a  far  better  condition  of 
things  to  place  before  them  tluui  had  been  the  case  that  day.  He 
had  seen  tne  works  at  Loughborough,  and  he  did  not  hesitate  to 
say  that  for  the  purpose  for  which  they  were  designed  there  were 
few  better  works  in  England.  There  were  appliances  there  which 
would  enable  them  to  &  everything  in  connection  with  the  utiUsa- 
tion  of  electricity  as  a  motive  powei*.  They  could  turn  out  every- 
thing there— from  the  commonest  piece  of  electric  apparatus  to  an 
electric  car  or  engine.  There  wss  nothing  in  the  worid  that  could 
be  connected  wiUi  electric  traction  that  could  not  be  made  at 
Loughborough.  The  Chairman  had  omitted  to  say  that  in  taking 
over  the  Australadan  Company  that  Company  had  also  secured  the 
rights  possessed  by  the  former  oompany  in  India.    Indiai  to  the 
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mind  of  the  speaker,  offered  a  grand  field  for  the  future  develop- 
ment of  electric  lif^hting.  India  was  a  oounU*y  of  luxury  and 
wealth,  and,  possessed  as  it  was  of  a  very  warm  climate,  electricity 
possessed  a  very  great  advantage  over  gas  lighting.  No  allusion 
either  had  been  made  to  the  works  of  that  Company  in  Vienna 
and  Austro-Hungary.  The  Vienna  works  were  being  carried  on  at 
a  considerable  profit.  The  Directors  were  all  anxious  to  make  that 
a  substantial  aividend-eaming  Company.  They  would  not  be 
content  simply  with  giving  them  a  good  dividend.  Their  desire 
in  the  future  was  to  ^ve  them  a  very  handsome  dividend. 
In  answer  to  questions  by  Messrs.  Flood,  Smart,  and  Ward, 
The  Cbatmuui  stated  that  the  relative  cost  of  labour  in  London 
and  Loughborough  compared  very  much  to  the  advantage  of  the 
latter.  The  salary  account  in  the  balance-sheet  include  every- 
thing except  labour.  Their  new  works  at  Loughborough  were 
very  advantageously  situated  for  the  construction  of  electric  cars, 
and  there  was  no  doubt  that  when  electric  cars  came  to  be  utilised 
they  would  get  their  fair  share  of  orders. 

l^e  report  and  balance-sheet  were  then  put  and  unanimously 
adopted,  and  Messrs.  Cooper  Bros,  and  Co.  having  been  re-elected 
as  auditors,  the  proceedings  doaedj 


CITY    NOTES. 


CoBUBerolal  Calile  Compaay.— The  transfer  books  of  this 
Company  will  be  closed  from  September  20  to  October  2  for  the 
payment  of  the  usuiJ  quarterly  dividend  of  1}  per  cent,  on 
October  1. 

We«tem  aad  Bnudllaa  Telegrai^  GompAiiy.  UniteA.— The 
receipts  for  the  week  ended  September  5,  after  deducting  the 
fiifth  of  the  gross  receipts  payable  to  the  London  Platino-Braadlian 
Telegraph  Uompany,  were  £4,500. 

Brailllaa  Snhmartnn  Telegrapli  Comyaay. — ^The  receipts  for 
the  week  ended  September  6  amounted  to  £5.821. 

Great  Koithern  Telegraph  Compaay.— The  receipts  for 
August  were  £25,000,  making,  from  January  1,  a  total  of  £181,000, 
against  £178,200  and  £179,200  for  1889  and  1888. 


NEW  COMPANIES  REGISTERED. 


FreertWB  Battery  Cempany,  United.— Registered  bjr  Wm. 
Webb  and  Co.,  0,  Essex-street,  Strand,  W.C.,  with  a  capital  of 
£2,000,  in  £1  shares ;  to  acquire  an  electrical  battery,  particulars 
of  which  are  not  detailed,  in  accordance  with  an  agreement  made 
with  Charles  H.  Freedman.  The  first  Directors  are  Edward  F. 
Wyman,  Charles  H.  Freedman,  and  T.  F.  B.  Evans.  Qualification 
not  specified.  Remuneration  to  be  determined  in  general  meeting 
after  declaration  of  10  per  cent,  dividend. 


PROVISIONAL  PATENTS.  1890. 


Skftembxr  1. 

13735.  Improveaieiita  la  i^^paratns  fiir  aaa  la  tfeetro-BMtal- 
Inrgleal  operatlooa.  Carl  Hoepfner,  45,  Southampton- 
buildings,  London.  . 

SSFTSMBXB  2. 

13746.  Improvemeata  la  tbe  manwflMitoge  of  laeaadeaeeat 
•leetrto  lampa.  Hannah  Clegg,  Brampton,  West  Norwood, 

Surrey. 
13751.  zaiproveaieBte   la  eieetrlo  ewlttflies.     Charles .  William 
Huntington,    70,  Biarket-street,   Manchester.      (Complete 
specification.) 

13770.  Xmproveaieata  la  aysteaM  of  eieotrloal  diatrilmtloa  of 
Uglit  aad  power  liy  meaaa  of  traasfbrmera.  William 
Frederick  Taylor,  Gilbert  Betteley  Luckhoff,  and  Emil 
Henry  HungerbUhler,  Woodlands,  Harrow-on-the-HilL 

13774.  ZmproFomeata  la  eieotrloal  ooaaeetloBa.  Frederick 
Charles  Dunaway  and  Frederick  William  Dunaway,  23, 
Southampton-buudings,  London. 

13780.  iBiprovemeata  la  eieetrlo  eoadolta.  William  Robert 
Elliott,  323,  High  Holborn,  London.  (Complete  specifica- 
tion.) 

13790.  iBiproveaieata    la   ooadnlta   §w   eieetrlo   ooadaotera. 

Henry  Harris  Lake,  45,  Southampton -buildings,  London. 
(Herbert  N.  Curtis,  United  States.)  (Complete  specifica- 
tion.) 

13071.  Improveaieate  relatlag  to  eompoalttoas  aad  devloea  for 
aee  la  tbe  maaafJaetare  ef  fllameats  for  laeaadeaoeat 
eieetrlo  lamps.  Henry  EEarris  Lake,  45,  Southampton- 
buildings,  London.  (Vincent  Morgan  Hobby,  United 
States.)    (Complete  specification.) 

13790.  ImproTomeata  la  eieotrloal  algaalllag  apparatas.  Henry 
Harris  Lake,  45,  Southampton-buildings,  London.  (Electric 
Secret  Service  Company,  United  States.)  (Complete  speci- 
fication.) 

13802.  laipnrremeata  la  eieotrloal   aieararlag   laatnuneatiiw 

George  Washington  Walker,  1,  Queen  Victoria-street, 
Jiondon.    (Complete  specification.) 


13807.  Aa  ImproTOd  battery  ooaipoaad.  Charles  Montgomenr 
Reed,  4,  South-street,  Finsbury,  London.  (Complete  specifi- 
cation.) 

Sbftsmbxr  3. 

13838.  XmproTeaioats  la  aatomatlo  traaamiaitaa  tliroagb 
■alnaarlae  oablea.  John  Gott  and  Thomas  Jamas  Wilmot, 
6,  Loma-road,  Hove,  Brighton. 

13845.  Improvemeata  la  aad  rOUtlag  to  the  propaltfoa  of 
tramway  Tolilolee  or  iKiats  liy  aieaaa  of  eleetrlolty. 
Joseph  Leopold  Huber  and  Louis  Jones  Magee,  45,  South- 
ampton-buildings, London. 

13853.  Improveaieate  la  tbe  prodaotloa  of  eleetrlolty  aaA  la 
meaaa  or  apparataa  ttaerefor.  Camille  Alphonse  Faure, 
46,  Lincoln's-inn-fields,  London. 

13855.  mproveiaeaUi  ta  eieotrloal  aad  otlier  meters.  Louis 
Beidon,  Georee  W.  Bousfield,  and  Francis  Teague,  7, 
High-street,  Hampstead. 

Skptsicbeb  4. 

13886.  Zmprovameata  la  aad  ooaaeeted  wtth  tbe  dlatrlbattoa 
of  power  by  alteraatlag  eieetrlo  oarroati.  James  Swin- 
burne, Broom  Hall  Works,  Teddington. 

13897.  ImproveBMata  la  apparataa  for  the  eafo  deposit  of  atflk 
aad  otber  artlelea ;  for  eleetrloally  aaaofnanlng  tbe  eaai^ 
aad  for  oavlag  aad  reglaterlag  tlaie.  (}omelius  Edward 
Kelway  and  Andeshir  Kapadia,  71,  Shardeloes-road,  New 
Croes,  London. 

13905.  Improvemeata  la  aad  rOlatlag  to  tbe  weldlag  of  metals 
by  eleotrtalty.  Mark  Wesley  Dewey,  45,  Southampton- 
buildings,  London.    (Complete  specification.) 

13906.  Improvemeats  la  aad  rOUtlag  to  tbe  w«ldlag  aad 
bnudag  of  aietals  by  eleolrlolty.     Mark  Wesley  Dewey, 

45,  Southampton-buildings,  London.    (Complete  specifica- 
tion.) 

13921.  Xmproremeats  la  eieetrlo  laaips.  Alexander  Schan- 
schieff,  24,  Southampton-buildings,  London. 

13943.  Improvemeats  la  power  ooadalta  for  tramways  or  raU- 
ways  aad  la  eleetrleal  ooaaeotloas  tbarefor.  Carl 
Thomas  Blanch  Brain,  6,  Lord-street,  Liverpool 

SSFTZMBSB  5. 

13987.  Aa  eleetrlelty  ooaater.  Jules  Richaid,  Felix  Richard, 
and  Gtoorges  Richard,  28,  Southampton-buildings,  London. 

Sbftkmber  6. 

14050.  Aa  Improvemeat  ta  eieotrloal  oat-oats.  Siemens  Bros, 
and  Co.,  Limited,  28,  Southampton-buildings,  Chancery- 
lane,  London.    (Siemens  and  Halske,  Germany.) 

14054.  Zmprovemeats  selatlag  to  apparatas  fer  ooawttag 
alteraatlag  eieetrlo  earreats  late  eontSaaoas  earreatk 
Walter   Steadman,  Richards   and  George  Banker  James, 

46,  Southampton-buildings,  London. 

14066.  Aa  Improved  eieetrlo  bolt  look.  Carl  Popper,  Temple 
chambers,  London. 


12563. 
13278. 
14011. 
14377. 
15230. 
15246. 
15402. 
15769. 
15936. 
15968. 
16697. 
17236. 
20797. 

10593. 
10712. 
11061. 


SPECIFICATIONS  PUBLISHED. 

1889. 
Eieotrloal  sblps*  logs.    Lowne.    Ud. 
Are  lasBips.    Julian.    6d. 

Opealag.  ete.,  eleetrleal  eirealts.    Shepard.    8d. 
Beotrle  Ugbtlag  eiroalts.    Bradford.    Is.  Id. 
Xleotrle  batteries.    Vavasour.     Is.  8d. 
aegalattng  aiotor  djraamos,  ete.    Lahmeyer.    8d. 
Beotrle  distribatloa.    Thompson  (Westinghouae). 
Bleetrlo  earreats.    Thomson,    lid. 
Cleaalag  eieetrlo  laaips.    Robson.    8d. 
neotrle  ooadaotors.    Johnson  and  PhiUipa.    6d. 
Beotro-dyaamlo  maeblnes     BUthy.    Ud. 
Beetrloeables.    HeyL    8d. 
Xleotrto  llgbt  flttlags.    Strode  and  Gill.    8d. 

1890. 
Kleotrle  motor  apparatas.    Currie.    8d. 
■leetne  lamp  ooaplers.    Nichols.    6d. 
Kleotrle  raUwajr  swltobes.    Lake  (Swart).    6d. 


8d. 


COMPANIES'  STOCK  AND  SHARK  UST. 
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NOTES. 


Bailey. — ^The  electric  light  question  is  practically 
before  the  Town  Council  of  Batley. 

Newoastlo  Station, — ^Twenty-five  feet  high  has  been 
found  the  right  height  to  erect  the  arc  lamps  at  the  Central 
Bailway  Station,  Newcastle,  instead  of  17ft.  as  heretofore. 

Inoe. — The  question  of  the  lighting  of  Ince  township, 
for  which  there  have  been  several  applications,  is  deferred 
until  the  termination  of  the  proceedings  with  the  Wigan 
Town  Council. 

Leamington. — The  Lighting  Committee  at  Leamington 
have  obtained  testing  instruments,  and  are  undertaking 
testa  of  the  power  of  the  electric  lighting.  The  strength 
of  the  gas  is  15*58  candles. 

Birkenhead. — ^The  Finance  Committee  have  been  ap- 
pointed to  carry  out  the  provisional  order  for  Birkenhead, 
as  it  was  thought  the  proceedings  of  the  Gras  Committee 
might  be  regarded  with  disfavour. 

Snliway  Conatmotlon  In  New  York.— During  the 
current  year  158,180ft.  of  trench  have  been  dug,  and 
774,930ft  of  ducts  laid,  against  56)040ft.  of  trench  and 
621,4dOft.  of  ducts  in  the  whole  of  1889. 

Soatliend  Pier. — A  striking  difference  in  the  receipts 
is  shown  at  Southend  since  the  erection  of  the  new  pier 
with  its  electric  railway.  The  receipts  for  August,  from  all 
sources,  was  £2,019  as  against  £726  for  the  month  of 
August,  1888. 

Teleerraphy  In  Gtonnany, — The  Central  Telegraph 
Office  at  Berlin  has  discontinued  the  use  of  batteries,  and 
now  obtains  the  power  required  for  the  working  of  the 
telegraphic  service  from  an  accumulator  supplied  by  the 
Berlin  EUectric  Light  Works. 

Canada  and  Bahama  Cable. — Sir  Ambrose  Shea, 
governor  of  the  Bahamas,  had  a  conference  with  Sir  John 
Maedonald  regarding  the  establishing  of  a  line  of  steam- 
ships between  Canada  and  the  West  Indies,  calling  at  the 
Bahamas,  and  also  laying  a  cable  from  Nassam,  Florida. 

2,000-Volt  Shook. — One  of  the  workmen  of  the  San 
Francisco  Electrical  Works  accidentally  received  a  shock  of 
2,000  volts  direct  from  the  dynamo.  The  man,  who  was 
at  first  thought  to  have  been  killed,  recovered  after  a  time. 
One  of  his  hands  is  blistered,  and  he  is  suffering  from 
soreness  of  the  lungs. 

Paper  Inenlatlon. — ^Now  that  insulation  made  of 
prepared  fireproof  papier-mach6  is  coming  into  use  for 
interior  conduits  in  walls  of  houses,  it  may  be  well  to 
mention  that  machines  of  new  and  improved  construction 
are  made  by  Eugene  Defraiteur,  of  Yerviers,  Belgium, 
for  making  paper  tubes. 

Bleotrlo  Hoists. — ^Electrical  hoisting  machinery  is  said 
to  be  giving  great  satisfaction  on  the  piers  of  the  Prentice 
Stores,  in  Brooklyn,  New  York.  The  motors  there 
employed  are  of  the  Crocker  and  Curtis  type,  of  10  h.p. 
each,  and  automatically  governed  so  that  only  enough 
current  is  used  to  lift  the  load  on  the  ropes. 

BrtotoL — The  sub-committee  on  electric  lighting  at 
Bristol,  working  in  conjunction  with  Mr.  Preece,  have 
drawn  up  a  report  recommending  a  supply  for  certain  of 
the  principal  streets,  to  be  carried  out  by  the  Corporation. 
Fifty  arc  lamps  of  1,200  c.p.  are  recommended  to  replace 
170  gaa  lamps,  the  cost  to  be  £25  per  annum. 


Bleotrfo  Census  Taking, — ^The  electrical  census 
tabulating  machine,  invented  by  Mr.  Herman  Hollerith,  of 
Washington,  U.S.,  has  been  a  great  success,  and  is  enabling 
the  authorities  to  deal  with  the  large  returns  in  a  quick  and 
clear  manner.  It  is  to  be  hoped  that  a  similar  arrangement 
will  be  adopted  in  our  own  approaching  census. 

Dover. — ^The  establishment  of  a  central  station  in  Dover 
is  now  a  question  to  receive  a  definite  settlement.  Their 
provisional  order  having  passed,  there  is  two  years  to  put 
it  into  operation.  At  the  Town  Council  meeting  last  week 
a  committee  was  appointed  to  deal  with  the  matter,  and  to 
investigate  what  had  been  done  in  other  towns. 

The  Uerhtlng  of  City  Bridges. — It  may  be  interest- 
ing to  note  that,  according  to  the  recently  issued  accounts 
of  the  City  Corporation,  the  cost  of  gas  for  the  lighting  of 
the  three  bridges  across  the  Thames  within  their  boundary 
during  the  past  year  is  as  follows  :  London  Bridge,  £302 ; 
Blackfriars  Bridge,  £121 ;  and  Southwark  Bridge,  £107. 

Beetle. — The  Gas  and  Water  Committee  of  the  Bootle 
Town  Council  considered  a  report  by  the  town  clerk  on 
the  Birkenhead  electric  lighting  order,  and  it  was  agreed  that 
the  Finance  Committee  be  authorised  to  consider  the  pro- 
visions of  the  Birkenhead  electric  lighting  order  and  to 
recommend  what  action,  if  any,  should  be  taken  in  reference 
to  it 

HasUngden. — It  was  decided  at  the  monthly  meeting 
of  the  HasUngden  Local  Board  that  the  question  of  electric 
lighting  should  be  adjourned  for  a  month,  and  that  in  the 
meantime  the  clerk  should  obtain  all  the  information  he 
could  as  to  the  advantages  of  the  electric  light,  the  cost  of 
laying  down  the  system,  and  the  steps  which  had  been 
taken  in  other  towns. 

Pemberton. — By  way  of  experiment,  the  Pemberton 
Local  Board  have  accepted  an  offer  from  a  firm  of  elec- 
tricians to  light  about  400  yards  of  Ormskirk-road  with 
one  arc  lamp  and  six  incandescent  lamps  for  two  calendar 
months,  at  a  cost  of  £20,  the  Board  also  providing  the 
engine  power  and  poles,  and  labour  to  assist  in  the  fixing 
of  the  poles  and  wires. 

Chnroh  Lighting  at  Brixton. — ^An  installation  of 
the  electric  light  is  at  present  being  carried  out  at  the 
Church  and  Parochial  Hall  of  St.  John's  the  Divine,  Yassall- 
road,  Brixton.  About  300  incandescent  lamps  will  be  used. 
The  plant  consists  of  a  gas  engine,  a  dynamo,  and  a  set  of 
accumulators ;  a  motor  is  also  being  put  down  for  blowing 
the  organ  of  the  church  electrically. 

Peral  Submarine  Boats. — ^The  Spanish  Government 
has  announced  its  intention  not  to  construct  any  more  of 
the  Peral  electric  submarine  boats.  This,  it  is  stated,  is 
not  because  they  are  unsuccessful,  but,  on  the  contrary, 
because  (the  details  of  one  part  of  the  invention  having 
been  published)  they  do  not  wish  the  secrets  of  construc- 
tion to  leak  out,  therefore  will  not  construct  any  more  of 
the  boats  until  any  occasion  arose  by  dispute  with  any 
other  nation. 

A  Small  Central  Station. — ^The  little  French  com- 
mune of  Collias  (Gkird),  a  village  of  645  inhabitants,  about 
11  miles  from  Nimes,  has  just  obtained  the  luxury  of 
electric  light,  which  was  inaugurated  last  week.  It  seems 
there  is  a  small  stream  with  a  fidl  of  4ft.,  which  produces 
an  effective  9  h.p.  This  waterfall  drives  a  small  turbine, 
which  runs  a  dynamo  to  supply  100  lamps  of  10  or  16  c.p. 
The  streets  are  lighted  by  25  kmps  of  16  c.p.  The 
turbine  runs  till  eleven  o'clock  in  the  evening,  and  during 
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the  day  time  is  also  used  to  work  force  pumps,  which  supply 
GoUias  with  water. 

Aleadte. — ^A  new  material  for  switches,  under  the  name 
"  Alexite,"  was  shown  by  the  Sawyer-Man  Company  at 
the  grand  convention  of  American  electricians  at  Gape 
May.  It  is  fire-proof,  water-proof,  and  acid-proof ;  not 
fragile,  highly  durable,  and  can  be  moulded  into  any  shape, 
but|  besides  this,  it  can  be  made  to  assume  an  infinite 
variety  of  shades  and  colours,  imitating  all  known  woods, 
marble  and  other  polished  stones  so  closely  as  to  almost 
defy  detection.  For  switch  bases,  cut-outs,  roses,  or 
exposed  woodwork,  this  material  seems  to  ofier  very 
decided  advantages. 

CaUe  RateB. — ^The  Golonists  want  lower  tariffs.  The 
cable  companies  say  :  Pay  us  subsidies,  and  you  can  have 
lower  tariffs.  The  Home  Government  and  some  of  the 
Golonial  Governments  have  had  enough  of  subsidies,  and 
refuse  to  pay  more.  Those  who  know  best  tell  the  cable 
companies  they  can  lower  their  tariffs,  maintain  their  lines, 
and  still  pay  good  dividends.  The  companies  pretend  to 
fear  the  recuperative  power  of  lowering  tariffs,  and  so  time 
goes  on.  Our  impression  is  that  tariffs  might  be  lowered 
without  disadvantage  to  the  companies,  and  with  great 
benefit  to  business  men  who  use  the  cables. 

London-Paris  Tolophones. — ^At  a  meeting  of  the 
Hythe  Town  Gouncil  last  week,  a  communication  was  read 
from  the  Secretary  of  the  General  Post  Office,  on  behalf  of 
the  Postmaster-General,  asking  permission  to  erect  telegraph 
posts  and  wires  in  certain  thoroughfares  of  the  borough. 
It  was  explained  by  the  town  clerk  that  he  had  been 
informed  by  the  constructor  of  the  telegraphs  that  a  special 
wire  for  telephone  business  is  to  be  carried  from  London 
to  Hythe,  and  from  Hythe  under  the  Ghannel  to  Paris,  so 
as  to  have  direct  telephonic  communication  between  London 
and  Paris.    The  Town  Gouncil  gave  the  sanction  asked  for. 

Xleotro-Chrrosoopos. — ^M.  Gustav  Trouv^  has  com- 
municated to  the  French  Acadamie  des  Sciences  an  account 
of  two  forms  of  electro-gjrroscope  he  has  manufactured,  the 
one  to  serve  in  demonstrating  the  movement  of  the  earth, 
the  other  for  the  rectification  of  the  mariner's  compass. 
Both  forms  of  the  apparatus  are  illustrated  in  the  current 
number  of  VEUdridm^  page  844,  and  appear  very  work- 
manlike applications  of  the  gyroscope  in  the  directions 
indicated.  The  latter  purpose  possibly  may  be  found  a 
useful  and  almost  necessary  adjunct  to  the  present  binnacle 
in  consideration  of  the  extension  of  iron  plates  and  the  use 
of  dynamos  on  shipboard. 

BlanohesterHMinare  Central  Station. — ^We  believe 
this  station  is  just  on  completion,  and  at  present  they  are 
running  one  100-unit  dynamo  night  and  day.  The  plant 
now  down  is  as  follows :  Ten  100-unit  dynamos  (Elwell- 
Parker  alternators),  10  200-h.p.  Willans  high-speed 
engines,  nine  Babcock  and  Wilcox  boilers.  The  dynamos 
are  excited  by  four  7-unit  exciters,  driven  by  four  60-h.p. 
vertical  engines.  The  machine-room  is  lighted  up  by 
eight  Sunbeam  lamps  of  200  c.p.,  and  several  16-c.p.  lamps. 
There  is  to  be  a  separate  switchboard  to  each  machine, 
comprising  Gardew  voltmeters,  Elwell-Parker  ampere- 
meters, and  the  necessary  switches. 

Central  Station  for  Sonthend. — ^At  the  meeting  of 
the  Southend  Local  Board  last  week,  Mr.  Hemmann  moved 
that  the  Pier  Gommittee  be  instructed  to  confer  with  Dr. 
Hopkinson  and  Messrs.  Grompton  and  Go.,  with  a  view  of 
ascertaining  the  advisability  and  the  probable  cost  of 
extending  the  electric  light  to  other  parts  of  the  to¥m.  The 


time  had  nearly  arrived,  he  said,  when  the  temporary 
arrangement  of  the  electric  works  would  be  at  an  end,  and 
permanent  works  would  have  to  be  taken  in  band  by 
Messrs.  Grompton  and  Go.,  and  he  therefore  thought  this 
was  the  proper  time  to  consider  how  far  those  works  might 
be  extended.  The  motion  was  put  and  carried,  and  it  was 
also  decided  that  Mr.  Hemmann  be  invited  to  attend  the 
meetings  of  the  Pier  Gommittee. 

Bermndas. — ^The  name  of  the  Bermuda  Islands  was 
in  every  one's  mouth  a  short  while  ago,  and  if  any  doubt 
was  experienced  by  those  weak  in  geography,  the  depar- 
ture of  the  Guards  to  this  spot  would  have  assured  them 
of  the  fact  that  it  is  a  British  possession.  There  is,  if  we 
are  to  believe  a  recent  visitor,  an  admirable  opening  for 
the  electric  light  in  Bermuda,  and  the  American  companies 
have  already  been  put  on  the  track.  Perhaps  it  will  be 
worth  while  some  of  our  own  companies  to  take  the  hint 
and  make  enquiries.  The  Gorporation  of  Hamilton  is 
enterprising;  the  Government  and  military  establish- 
ments might  help ;  the  Hamilton  and  the  Princess  Hotel 
would  certainly  entertain  the  idea,  and  the  private  persons 
and  officials  would  be  glad  to  get  the  cool  and  sweet  light. 

Stoekholni  Sleotrio  Ughttng.— The  following  cir- 
cular has  been  issued  by  the  secretary  of  the  Electrical 
Trades  Section  of  the  London  Ghamber  of  Gommerce: 
*<  Having  been  advised  that  the  notice  which  appeared  in 
the  electrical  papers,  that  the  date  for  the  presentation  of 
tenders  for  the  lighting  by  electricity  of  the  town 
of  Stockholm  had  been  extended  from  the  15th 
September  to  the  12th  October,  was  erroneous,  I  have, 
at  the  request  of  the  chairman  of  the  Electrical 
Section,  and  after  consultation  with  the  Foreign  Office  and 
the  Swedish  Gonsul  in  London,  communicated  officially 
with  the  Stockholm  Gas  Works.  In  reply  I  have  received 
official  telegraphic  intimation  from  that  body,  in  language 
which  is  considered  sufficiently  satisfactory,  that  tenders 
for  the  electric  lighting  contract  at  Stockholm  i)osted  from 
this  country  not  later  than  the  20th  inst.  will  be  considered.*' 

Dublin, — ^A  Local  Government  Board  enquiry  has  been 
held  at  Dublin  by  Mr.  G.  P.  Gotton,  G.E.,  Ghief  Engineer- 
ing Inspector  to  the  Local  Government  Board,  because  of 
the  Gorporation's  wish  to  borrow  £63,000,  the  greater  part 
of  which — ^via.,  £50,000 — being  required  for  electric  lightr 
ing  purposes.  A  license  has  been  obtained,  but  it  is  not 
intended  to  light  the  whole  city  at  once.  The  parts  to  be 
supplied  by  the  proposed  instcJlation  are  Upper  and  Lower 
Sackville-streets,  O'Gonnell  Bridge,  D'Olier-street,  Gollege- 
street,  Westmoreland-street,  GoUege  Green,  Grafton-street, 
Dame-street,  Parliament-street,  Grattan  Bridge,  part  of 
Gapel-street,  Mary-street,  and  Henry-street.  The  estimate 
for  the  work  is  about  £37,000,  so  that  power  is  asked  for 
£18,000  more  than  is  immediately  required  in  view  of  ex- 
tension. According  to  the  evidence  of  Mr.  Manville, 
electrical  engineer  to  the  Gorporation,  the  work  would  be 
in  going  order  in  six  months. 

Partridges  Stmok  by  Llglitninff«— The  German 
sporting  paper,  the  Waidmann^  contains  the  following 
account  by  a  head  gamekeeper  in  Prussian  Silesia :  "  In 
mid-June  an  apprentice  of  mine  found  in  the  Briese  shooting 
under  my  care  a  covey  of  partridges,  two  old  birds  and 
15  young  ones,  all  lying  dead.  The  whole  covey  lay 
within  a  space  of  a  square  metre,  with  the  heads  together. 
As  eight  days  elapsed  before  I  received  news  of  the  discovery 
the  birds  were  already  too  iar  gone  for  me  to  discover  the 
reason  for  their  death  by  examination  of  their  bodies.    I 
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BUBpected  poison  at  first — ^the  spot  was  cIosa  to  somo 
peasants'  allotments — and  caused  the  place  to  be  carefully 
examined.  In  due  course  we  discovered  that  the  whole 
covey  must  have  been  struck  by  lightning.  One  could 
plainly  see  where  the  flash  had  struck  a  little  mound,  and 
from  thence  proceeded  along  the  ground.  The  grass 
surrounding  the  spot  where  the  partridges  lay  had  a  yellow 
and  burnt  appearance." 

Bamaley. — The  adoption  of  the  Westinghouse  tender 
for  the  Corporation  central  station  in  a  somewhat  sudden 
and  unconsidered  manner  at  Bamsley,  has  been  the  object 
of  a  great  deal  of  keen  feeling  and  animadversation  in  that 
town,  and  not  only  so,  but  some  active  measures  have  been 
taken  to  oppose  the  carrying  out  of  the  resolution.  At  the 
last  meeting  of  the  Lighting  Committee  the  recommenda- 
tion of  the  committee  for  the  appointment  of  Mr.  Bromley 
Holmes  as  electrical  engineer  during  the  construction  of 
the  plant,  and  for  three  months  after  its  completion, 
was  opposed  by  Mr.  Bailey,  who  also  went  on  to  say  that 
the  Westinghouse  tender  was  not  the  best  that  might  have 
been  adopted.  On  this  latter  point  he  was  ruled  out  of 
order.  Ultimately,  ho  moved  that  the  appointment  of  Mr. 
Holmes  be  referred  back  to  the  committee,  and  the  minutes 
were  carried  subject  to  this  provision.  Mr.  Bailey  then 
gave  notice  that  at  the  next  meeting  he  would  move  that 
the  resolution  accepting  the  Westinghouse  tender  should 
be  rescinded. 

Bamsley  Oo-operatiro  Soeietsr's  Installation.— 

The  installation  set  up  by  the  Barnsley  British  Co-operative 
Society  for  the  illumination  of  the  whole  of  their  central 
stores,  reading-room,  restaurant,  etc.,  was  run  for  the  first 
time  on  Tuesday,  and  proved  a  great  success.  An  engine 
and  dynamo,  capable  of  giving  a  total  of  12,000  c.p.,  have 
been  put  down  in  a  building  newly  erected  for  the  purpose. 
The  light  is  conducted  all  through  the  various  buildings 
and  238  lamps  of  power  varying  from  that  of  16 
candles  to  100  candles  are  used  for  lighting  them. 
The  general  opinion  of  the  committee  and  members  was 
that  the  installation  was  as  great  a  success  as  the  society's 
previous  one  at  their  corn  milL  Messrs.  Wilson  Hartnell 
and  Co.,  of  Leeds,  carried  out  the  installation.  The  engine 
is  by  Messrs.  Marshall  and  Sons,  Gainsborough,  driving  a 
Crompton  dynamo.  The  directors  and  others  dined 
together  at  the  Queen  Hotel  in  honour  of  the  event.  The 
success  of  the  installation  is  thought  to  be  likely  to  have  a 
favourable  and  stimulating  efiect  upon  the  Corporation  to 
carry  out  their  own  central  station. 

Storage  Plant. — A  plant  of  264  Pumpelly  cells,  with 
14  counter  KM.F.  cells,  has  been  installed  by  the  Pumpelly 
Storage  Battery  Company,  Chicago,  at  the  new  Edison  sub- 
station in  Detroit,  where  the  current  will  be  used  in  house 
lighting.  The  plant,  in  addition  to  the  above  number  of 
cells,  consists  of  two  seven-point  cutout  switches,  five 
Andrew  switches,  three  automatic  switches,  one  gang 
switch,  four  ampere-meters  and  three  rheostats.  The  cells 
are  connected  in  three  sets  of  88  cells  each,  placed  in  series 
with  independent  discharge  feeders ;  or  they  may  be  thrown 
into  four  sets  of  66  cells  each,  placed  in  parallel,  on  each 
side  of  the  main  discharge  circuit.  During  the  short  time 
the  battery  has  been  in  use  it  has  given  good  satisfaction, 
and  enables  the  company  to  furnish  current  during  entire 
24  hours,  though  only  operating  the  dynamos  and  engines 
about  10  hours  per  day.  The  cutting  into  circuit  of  either 
dynamos  or  batteries  is  instantly  effected  without  a  per- 
ceptible change  iQ  the  lights,    This  is  one  of  a  number  of 


plants,  says  the  Eledrieal  World,  the  Pumpelly  Company  has 
installed  as  aids  to  central  station  lighting. 

Glasgow  Tramways. — ^The  question  of  tramways 
came  before  the  Glasgow  Town  Council  at  their  last 
meeting,  and  the  minutes  of  the  Tramways  Committee, 
containing  the  detailed  replies  of  counsel  relative  to  the 
working  of  the  tramways  by  the  Corporation,  were  sub- 
mitted. These  opinions  showed  that  there  was  no  diflSculty 
in  the  way  of  the  Corporation  if  they  chose  to  work  the 
tramways  themselves  instead  of  renewing  the  lease.  All 
their  negotiations  with  the  present  tramway  company  for 
the  renewal  of  the  lease  had  so  far  come  to  nothing.  In 
these  circumstances  the  committee  have  been  considering 
the  advisability  of  working  the  tramways  themselves,  and 
they  have  appointed  a  special  sub-committee  to  consider 
the  desirability  of  applying  for  statutory  powers  to  enable 
them  to  work  the  tramways  by  electricity,  or  other  motive 
power  than  horses.  The  working  of  the  tramways  by  the 
Corporation  themselves  would  be  a  matter  for  the  Council 
and  the  community  to  consider  at  a  very  early  date.  Mr. 
M'Kellar  seconded  the  approval  of  the  minutes,  and  sug- 
gested that  they  should  use  the  Ibrox  line,  which  they  had 
lately  acquired,  for  the  purpose  of  experimenting  with 
electricity.    The  minutes  were  adopted. 

The  Gordon  Closed  Conduit  System. — ^We  are 

pleased  to  believe  from  details  put  before  us,  that  the 
Gordon  closed  conduit  system  for  electric  tramways  is  in 
a  fair  way  of  practical  completion,  and  preliminary  experi- 
ments are  giving  considerable  confidence  to  the  engineers 
of  its  success.  Various  modifications  in  the  details  have 
been  made,  as  was  to  be  expected,  and  these  all  tend  to 
greater  simplicity  and  handiness  of  an  already  simple 
system.  The  automatic  chargers,  which  were  to  form  part 
of  the  system,  have  been  superseded  by  a  very  simple  and 
effective  long-pull  magnet;  the  cables,  or  conductors, 
which  are  to  go  into  the  track  are  now  made  so  that  they 
can  be  threaded  and  dropped  in  or  arranged  without  dis- 
turbing the  track,  and  the  disadvantage  that  was  urged 
against  the  first  plan,  that  two  cars  could  not  come  within 
short  distances  so  as  to  be  "  bunched  "  at  a  block,  has  been 
obviated  by  a  slight  alteration.  We  are  given  to  under- 
stand that  a  large  tram  company,  now  employing  steam 
engines,  were  about  to  abandon  these  and  again  take  to 
horses,  but  have  been  induced,  from  having  this  system 
put  before  them,  to  continue  until  the  Gordon  car  is 
running,  when  they  will,  if  it  prove  successful,  introduce 
the  system  for  electric  traction  on  their  line. 

Thomson-Honston  Railway  in  Germany.— The 
first  electric  tramway  in  Europe,  which  was  opened  in 
Bremen  on  June  22  last^  is  thus  described  by  KvMovfs 
OazeUe :  The  tramway  commences  in  the  centre  of  the  town, 
near  the  town  hall,  passes  by  the  new  railway  station,  and 
finishes  at  Austellungs-platsB,  inside  the  entrance  to  the 
Burger  Park.  The  generating  station  is  about  220  yards 
distant  from  this  entrance.  It  contains  a  boiler  constructed 
by  the  firm  of  P6try-D^reux,  a  steam-engine  of  150  Lh.p., 
inade  by  Eiichen,  of  Bielefeld,  and  a  dynamo  of  84  e.h.p., 
having  a  terminal  pressure  ot  500  volts.  The  latter  is 
driven  by  belting  from  the  engine.  In  addition  to  these 
there  is  installed  an  Armington-Sims  high-speed  engine  of 
70  h.p.,  which  actuates  6n  an  arc  light  dynamo  used  for 
lighting  purposes  only.  Another  dynamo  of  the  same 
capacity  as  the  first  will  shortly  be  laid  down.  This 
installation  supplies  current  for— ^1)  the  working  of  the 
electric  traibway ;  (2)  for  the  operation  of  a  15-h.p.  motor 
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pkced  in  the  Vienna  Bakery  in  AustellongiB-plaiE,  where 
the  motor  drives  some  kneading  machines  and  an  arc  light 
dynamo  for  illuminating  the  buildings  j  (3)  for  the  lighting 
of  arc  lamps  and  glow  lamps  arranged  in  series  and 
installed  on  the  Freien-platz ;  (4)  for  the  illumination  by 
means  of  glow  lamps  of  that  portion  of  the  line  from  the 
railway  viaduct  to  the  park,  and  of  several  groups  of  glow 
lamps  installed  in  two  streets.  The  conductors  are  carried 
on  insulators  attached  to  the  lower  ends  of  short  pieces  of 
steel  cable,  the  upper  ends  being  fixed  to  steel  and  cast-iron 
standards.  The  conductors  consist  of  copper  wires  8*25  mm. 
thick.  Under  the  railway  viaduct  they  are  carried  only 
on  insulators  fixed  to  the  arch  of  the  viaduct. 

The  Sherrin  Sleetrleal  Oonerator. — ^The  following 
account  of  a  primary  battery  and  electric  motor  is  from 
the  Times ;  the  technical  press  have  not  yet  been  invited* 
There  is  no  reason  why  a  primary  battery  should  not  drive 
a  motor  which  should  drive  a  Bath  chair ;  the  chief  ques- 
tion is  the  expense  of  the  zinc.  It  will  be  necessary  to 
have  an  exact  statement  rather  than  an  "  estimate ''  before 
the  scheme  could  be  deemed  at  all  practicable.  The 
introduction  of  Prof.  Thompson's  name  is  only  with 
regard  to  the  efficiency  of  the  motor.  The  account  is  as 
follows :  A  new  form  of  electrical  generator  and  motor 
have  been  invented  by  Mr.  J.  Vaughan-Sherrin,  by  means 
of  which  the  propulsion  of  boats,  tricycles,  and  Bath  chairs 
is  effected  without  accumulators.  The  generator  is  a  two- 
fluid  primary  battery,  in  which  the  anodes  are  of  zinc  and 
the  cathodes  of  carbon  specially  prepared.  The  depolaris- 
ing liquid  is  a  special  composition  which  can  be  produced 
at  a  low  cost ;  the  zinc  elements  are  immersed  in  plain 
water.  The  net  cost  of  electric  energy  is  estimated  at  from 
9d.  to  lOd.  per  Board  of  Trade  unit  The  motor  is  a 
modified  two-pole  (Gramme  machine,  having  the  field 
magnets  constructed  in  a  special  manner.  It  can  be 
driven  in  either  direction  with  equal  efficiency,  and  is 
remarkably  free  from  sparking  at  the  commutator.  It  is 
very  light,  a  1  horse-power  motor  weighing  only  62lb., 
and  it  is  well  under  control,  being  easily  started,  stopped, 
and  reversed.  It  has  been  tested  by  Prof.  Silvanus  P. 
Thompson,  and  a  half  horse-power  motor  was  found  to 
give  an  efficiency  of  65  per  cent.  It  is  stated  that  there  is 
an  entire  absence  of  danger  to  those  who  are  working  the 
apparatus,  as  there  is  no  chance  of  receiving  a  shock.  We 
recently  witnessed  some  trials  with  a  tricycle,  a  Bath  chair, 
and  a  30ft  boat  fitted  with  the  Sherrin  system.  The  trials 
took  place  at  the  offices  of  the  Sherrin  Electric  Generator 
Company,  48,  Eagle  Wharf-road,  London,  and  were  very 
successful,  as  demonstrating  the  capabilities  of  both  the 
generator  and  the  motor. 

Ha4i  the  Damanto  Improved  7 — ^A  correspondent, 
writing  under  the  cognomen  of  "Volt  Ampere"  to  the 
Engineer,  seriously  queries  whether  the  modern  types  of 
dynamos  have  improved,  or,  indeed,  are  as  good  as,  the  old 
form  of  Gramme  machine,  and  he  gives  his  own  experience 
as  witness.  He  has  for  several  years  used  two  Gramme 
machines  of  20  amperes  and  60  volts,  and,  wanting  more 
power,  has  put  down  two  others  of  the  most  improved  and 
modern  kind,  but  can  find  no  improvement  in  practice  to 
his  old  ones.  He  wishes  to  know  if  dynamos  have  been 
really  much  improved  by  theory,  and  what  he  would  gain 
by  turning  out  his  old  Gramme  machines  and  putting  in 
new  ones.  He  also  makes  some  pertinent  remarks  about 
the  commutator,  which  would  seem  now  likely  to  be  a 
common  subject  of  discussion.  "  Have  any  of  the  makers 
of  dynamos/'  he  asks,  "  learned  that  the  copper-mica  com- 


mutator is  a  mechanical  abomination  T  The  upkeep  of  these 
things  represents  a  considerable  sum.  They  waste  power 
and  they  waste  electricity.  They  all  spark  and  bum  out 
themselves  and  the  brushes.  Some  makers  so  construct 
their  brushes  that  the  sparking  is  hidden  under  the  brush, 
but  it  goes  on  all  the  same.  Can  no  one  devise  a  machine 
in  which  rollers  will  be  used  instead  of  brushes  ;  or,  better 
still,  one  in  which  commutating  will  be  effected  inside  the 
machine  itself,  instead  of  in  the  clumsy  way  now  used  1  I 
am  not  an  electrician,  and  perhaps  I  am  a  fool  rushing  in 
where  angels — 1.0.,  electricians — ^fear  to  tread.  If  only  the 
electricians  had  to  pay  for  commutators  as  I  have,  I  think 
they  would  scheme  something  better."  He  continues  his 
query  as  to  whether  there  has  been  any  real  improvement 
in  the  dynamo  by  relating  that,  while  sticking  to  his  two 
Grammes,  he  has  allowed  several  persons  to  put  down  other 
dynamos  at  their  own  expense.  Once  an  armature  flew  all 
over  the  place,  and  on  another  occasion  he  had  a  bundle  of 
wires  and  a  broken  driving  belt  the  next  morning ;  and 
another  burnt  all  the  insulation  ofi"  the  field  magnets.  Aa 
for  the  old  Gramme  dynamos,  "  better  they  could  not  be, 
so  far  as  trustworthiness  is  concerned." 

Ufflitiiiflr  of  Fareham. — The  town  of  Fareham  was 
brilliantly  lighted  up  by  electricity  on  Thursday  week,  a 
banquet  being  held  in  honour  of  the  occasion.  A  local 
company  has  been  formed,  and  the  installation  has  been 
carried  out  on  the  Thomson-Houston  system  by  the  Laing, 
Wharton,  and  Down  Company.  The  banquet  in  honour  of 
the  inauguration  was  held  in  the  Bed  Lion  Hotel,  Captain 
Bamsay,  the  chairman  of  the  directors,  being  in  the  chair. 
Colonel  Mumby,  who  was  also  present,  heutily  congratu- 
lated the  company  and  the  people  of  Fareham  on  being  the 
pioneers  of  this  light  of  the  future  so  far  as  regarded  this 
part  of  the  country.  He  himself  had  been  in  a  way  con- 
nected with  an  electric  light  company,  but  the  Corporation 
of  Portsmouth  had  been  pleased  to  take  the  matter  into 
their  own  hands.  He  lived  in  hopes,  however,  that  the 
Corporation  might  even  yet  transfer  the  business  to  them, 
and  that  they  might  be  instrumental  in  introducing  the 
light  into  Portsmouth.  Mr.  J.  Graham  Niven,  in  pro- 
posing the  success  of  the  electric  light  company,  said  that 
Fareham  would  be  now  only  too  proud  to  show  to  people 
from  other  parts  of  Hampshire  and  from  other  parts  of 
England  the  results  of  a  highly  successful  installation.  He 
found  in  the  town  generally  a  feeling  of  confidence  in  the 
light  Mri  Bhike,  secretary  to  the  company,  stated  that  it 
had  a  capital  of  £6fi00  in  £1  shares,  and  had  60  share- 
holders with  3,900  shares  taken  up,  and  he  had  no  doubt 
the  remaining  1,100  would  soon  be  taken  up  when  it  was 
seen  that  their  efforts  had  proved  successful.  The  Chair- 
man gave  the  health  of  the  contractors,  who  had  been  the 
means  of  lighting  several  towns.  They  had  supplied  the 
plant,  and  had  treated  the  company  with  very  great 
liberality,  and  had  themselves  taken  a  large  number  of 
shares  in  the  company,  which  made  its  commencement 
possible.  Unless  they  had  been  met  in  this  v. ay  the  com- 
pany would  have  been  unable  to  supply  such  a  light  to  the 
people  of  Fareham.  Mr.  Wharton  responded,  and  said  his 
firm  had  taken  shares  in  the  company  because  they  believed 
it  to  be  a  good  speculation,  and  that  it  would  be  a  good 
paying  one.  Englishmen,  though  progressive,  were  very 
slow  to  take  up  anything  new,  and  they  found  great  diffi- 
culty in  introducing  the  electric  light  rapidly.  In  America 
there  was  scarcely  a  town  of  20,000  inhabitants  which  had 
not  the  lights  and  he  felt  convinced  that  it  would  not  be 
very  long  before  this  was  the  case  in  England. 
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TESTING  THE  FERRANTI  MAINS. 


Some  miles  of  the  Ferranii  concentric  mains  that  are  to 
supply  London  on  the  high-pressure  system  from  Deptford 
are,  as  we  have  already  informed  our  readers,  now  laid. 
All  these  mains  as  they  are  laid  have  to  be  very  carefully 
tested,  as  the  enormous  pressure  used  may  be  expected  to 
be  far  different  in  its  action  to  any  other  that  has  yet  been 
employed  in  practical  working.  To  test  underground 
mains  which  are  to  work  at  a  normal  pressure  of  10,000 
volts  is  a  matter  requiring  no  little  care  and  discrimination, 
and  it  can  be  well  believed  that  such  a  ticklish  matter  as 
turning  on  a  current  which  itself  is  sufficient  to  send  a 
{in.  spark  through  air  is  one  which  does  not  come  within 
the  ken  of  many  even  of  the  most  experienced  of  our 
present  electrical  engineers. 

We  have  therefore  thought  that  a  description  of  the 
tests  now  being  applied  to  me  Ferranti  mains  will  have  an 
interest  of  a  double  value — ^first,  as  to  the  methods 
adopted  for  such  an  experiment  in  electric  testing,  and 
secondly,  as  to  the  results  found  and  the  differences  expe- 
rienced in  dealing  with  such  high  potentials  in  long  lengths 
of  cable. 

We  must  premise,  in  the  first  place,  that  anyone  who 
expects  delicate  manipulation  and  elaborate  mechanism 
either  in  the  apparatus  to  be  experimented  upon  or  in  the 
methods  employed  has  but  little  understood  the  manner  in 
which  Mr.  Ferranti  has  organised  the  lighting  system  from 
Deptford.  We  well  remember  asking  Mr.  Ferranti  to 
explain  the  method  upon  which  he  tested  the  transformers 
and  Bwitehes  to  be  sent  out  for  his  high-tension  system,  and 
what  instruments  he  used.  "  We  couple  two  10,000-volt 
transformers  in  series,"  he  said,  simply,  "  and  connect  up 
with  the  pressure  .of  20,000  volts.  If  there  is  anything  left 
it  is  passed  as  good."  The  explanation,  if  a  little  off-hand, 
serves  very  weU  to  indicate  the  kind  of  testing  that  has  to 
be  dealt  with  in  the  whole  system.  One  other  illustration 
will  serve  to  indicate  the  way  in  which  the  problems  as 
they  arose  have  been  tackled.  A  certein  electrical  engineer, 
hiinself  well  enough  known  both  in  cable  and  in  alternate- 
current  work  remarked  that  one  point  over  which  Mr. 
Ferranti  might  be  expected  to  experience  great  difficulty 
was  the  arrangement  of  the  expansion-joints,  evidently 
figuring  a  compUcated  arrangement  of  slidmg  contacts.  In 
reality,  the  device  adopted  in  the  Ferranti  system  as  expan- 
aion-joint  is  nothing  more  complicated  than  one  length  of 
the  main,  bent  by  a  niil-bending  machine  into  a  long  S  form, 
the  expansion  serving  simply  slightly  to  increase  the  bend. 

At  ihe  present  time  there  is  atotel  of  21  miles  of  the 
main  laid  and  jointed  along  the  route  from  Deptford  to 
London.  These  are  to  form  four  parallel  mams  from 
Deptford.  None  of  them  are  yet  in  one  length,  but  are 
being  connected  together  as  fast  as  the  curves  across  the 
railway  bridges  can  be  laid.  The  mains  are  laid  mostly 
four  in  one  trench,  and  the  line  is  complete  from  the 
Charing  Cross  end  to  the  Orosvenor  in  Bond-street. 

The  London  Electric  Company  have  obtained  a  site  in 
Bed  Lion-vard,  Cockspur-street,  and  it  is  to  this  place  that 
the  ends  of  the  cables  are  led,  and  here  they  have  been  tested 
day  by  day  as  the  lengths  are  connected  on.  This  station  we 
have  had,  through  the  kindness  of  the  company's  engi- 
neers, the  opportunity  of  inspecting  while  the  tests  alluded 
to  were  being  carried  on,  and  these  teste  we  now  propose 
to  describe. 

Tksts  in  Laying. 

In  the  first  place,  all  lengths  of  concentric  main  are 
tested  as  they  come  from  manufacture  at  Deptford.  We 
fully  described  the  manufacture  of  the  mains  in  our  issue 
of  June  20th  last,  and  it  will  be  only  necessary  to  say  here 
that  the  mains  each  consist  of  two  concentric  lengths  of 
thick  copper  tube  run  one  inside  the  other,  separated  by  a 
special  insulation  of  waxed  paper  and  shielded  on  the  out- 
side by  a  steel  sheath,  also  separated  from  the  outer  con- 
ductor by  a  thinner  insulation.  The  mains  are  manufac- 
tured in  20ft  lengths,  each  main  being  coned  or  tepered 
down  at  one  end  and  similarly  bored  out  at  the  other,  so 
that  they  can  be  pressed  togetiier  when  slightly  heated,  and 
the  jdnt  becomes  a  solid  mass.  So  much  is  this  so 
^bat    when    occasion     arises     to    break     the    joint. 


the  material  often  prefers  to  break  dean  across  than  to 
separate  aloiig  the  coned  surfaces.  These  20ft.  leneths 
are  tested  at  Ked  Lion-yard,  10  being  connected  in  parallel, 
with  a  pressure  of  20,000  volte  in  the  manner  to  be 
presently  described,  and  it  is  a  remarkable  and  noteworthy 
fact,  as  steted  by  the  engineers,  that  although  many 
hundreds  of  these  lengths  have  been  so  tested  not  a  single 
one  has  yet  broken  down  or  any  way  failed. 
.  The  mains  are  next  laid  in  the  street,  trenches  are  dug, 
thin  boards,  well  creosoted  or  pitehed,  are  fonned  into  a 
troueh,  and  the  mains,  which  are  to  some  extent  flexible, 
are  udd  therein,  bitumen  is  poured  over  them,  the  top 
board  is  put  on,  and  then  a  layer  of  asphalte  is  poured  on 
top  of  the  board,  thus  forming  a  most  efficient  protection 
against  injury  by  a  pick  or  other  tool,  and  then  the  earth 
is  covered  in.  As  each  length  is  kid  and  the  joint  is 
finished,  the  conductors  are  tested  for  continuity.  It  would 
be  a  little  bewildering  to  one  who  knew  somewhat  but  not 
quite  enough  about  this  testing  to  see  10,000-volt  mains 
tested  with  a  simple  four-volt  ceU  and  detector.  The  next 
test  is  tiiat  of  outer  conductor  to  sheathing.  This  ii 
first  done  with  an  eightKsell  battery  and  a  sensittve 
pivoted  galvanometer  to  make  sure  of  no  accidental 
circuit  The  work  of  lajring  then  proceeds  until  the 
evening,  or  until  such  time  as  a  high-volt  test  is 
to  be  znade.  For  this  purpose  the  whole  of  the  various 
mains  are  connected  up  in  series,  so  as  to  make  simply  one 
long  length  to  be  tested,  the  ends  being  already  withm  the 
stetion  at  Bed  Lion-yaid.  For  the  10,000-volt  test  it  is 
sufficient  if  at  the  further  end  the  two  adjacent  cables  be 
connected  together — ^inner  to  inner  and  outer  to  outer — ^by 
two  ordinary  higUy-insulated  cables  laying  along  the  trench 
in  the  roadway,  and  this  method  is  adopted  when  the  two 
cables  have  not  both  exactly  the  same  length  laid,  and  there- 
fore do  not  finish  quite  at  the  same  place.  But  for  the  20,000- 
volt  current  to  be  put  on  requires  both  cables  to  be  finished 
to  the  same  point,  and  connected  across  by  a  piece  of  the 
true  Ferranti  main,  otherwise  sparUng  or  other  efiecte 
occur  on  the  cable  along  the  trench.  When  properly 
connected,  the  mains  are  first  |;enerally  tested  with  a  100- 
volt  current  to  make  sure  the  insulation  has  no  accidental 
small  fault,  and  then  the  10,000-volt  current  is  turned  on. 

Novel  Phenomena. 

Here  we  must  allude  to  a  phenomenon  which  has  not  yet 
come  beneath  the  notice  of  electrical  engineers.  In  any 
electrical  transformation  at  ordinary  pressures,  the  trans- 
formed current  comes  out  at  a  pressure  of  the  ratio  of  the 
transformer  used,  or,  indeed,  slightly  less,  due  to  loss  in 
the  transformer.  Curiously  enough — a  matter  of  con- 
siderable importence  to  alternate-current  engineers — this 
is  by  no  means  always  the  case  when  the  alternate  current 
is  of  high  pressure — ^that  is,  of  the  nature  of  10,000  or 
20,000  voltes  combined  with  a  concentric  cable.  When  a 
length  of  concentric  main  is  conneoted  thereto,  it  acto  in 
the  manner  of  a  condenser,  and  a  certain  quantity  of  the 
current  is  required  to  charge  the  mains  themselves,  and 
the  pressure  on  the  mains  in  a  long  length  seems  to 
"pump  up,"  as  it  were,  and  add  together,  so  that  the 
pressure  on  the  other  side  of  the  transformer  U  far  higher 
than  the  ratio  would  seem  to  indicate.  Thus  a  transfomui- 
tion  which  would  give  20,000  volte  on  a  short  length,  if 
applied  to  a  fairly  long  length  of  some  miles,  the  pressure 
may  rise  to  25,000  or  even  30,000  volts,  and  possibly  to  a 
far  higher  point  It  was  evident  at  an  early  staM  that 
other  efiecte  than  those  generally  experienced  hao  to  be 
dealt  with,  as  in  testing,  if  the  length  were  long,  the  fuse 
which  connecto  the  main  was  found  to  give  way  at  once 
with  the  sudden  rush  of  current  required  to  charge 
the  conductor.  For  example,  when  the  mains  were 
laid  to  Blackfriars  the  four  sete  were  connected 
all  in  series  as  before  mentioned,  and  the  20,000-volt 
current  was  turned  on.  At  once  the  fuse  connecting  them 
went.  Another  fuse  was  put  in  and  again  went,  and  so  on, 
until  the  mains  were  disconnected,  and  one  length  only  was 
connected  when  (the  charge  for  the  length  being  less)  the 
fuse  stood,  and  no  bad  effect  was  observed.  It  has  been  found 
necessary,  dieref ore,  to  always  connect  transformers  at  the 
further  end  and  draw  off  some  current — ^in  other  words, 
always  to  have  soine  lom}  on  the  inain,     ThiB  i>  necessary 
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both  on  account  of  the  precaution,  and  also  as  it  is  othai^ 
wise  imposaible  to  judge  how  far  the  pressure  actually 
does  rise  in  the  mains.  Evan  in  this  case,  and  when 
running  some  score  or  two  of  lamps,  the  potential,  which 
at  tlie  generating  end  would  be  normal  (say,  2,500  volts 
transformed  up  to  10,000),  has  shown  up  to  160  volts  on 
the  lamp  circuit  when  transformed  down  again,  instead  of 
100  volte,  thus  indicating  the  preosare  in  the  chained 
length  of  main  to  be  raised  to  160  x  24  x  1=  15,360 
volts,  instead  of  the  orifnnal  10,000  volts.  This  result  is  suffi- 
ciently remarkable,  ai^  will,  no  doubt,  be  the  occasion  of 
much  speculation  and  observation  by  electrical  engineers. 

In  practice  the  dvnamo  would  be  run  slower,  or  the 
exciting  current  usea  would  be  less  to  obtain  the  10,000- 
Tolt  pressure  desired.  It  is  not  yet  definitely  known 
whether  this  high  pressure  has  the  power  of  self-regula- 
tion to  one  uniform  pressure  in  the  whole  main,  or  whether 
there  is  still  a  certain  fall  of  pressure  over  a  long  length  of 
main  due  to  the  ohmic  resistance,  as  would,  of  course,  have 
been  expected  were  it  not  for  the  new  conditions  which 
obviously  rule  as  shown  in  the  rise  in  pressure  we  have 
deecribed. 

Tbbtinq  With  10,000  Volts. 

The  diagram  given  herewith  shows  the  method  of  con- 
Dection  for  the  testing  of  the  mains  when  laid  with  the  1 0,000- 


fmn  CruYtnor 


transformer  thus  giving  16  amperes,  or  each  set  of  two,  30 
amperes.  As  the  ratio  of  reduction  is  practically  1  to  lOO. 
the  current  in  the  10,000-volt  main  was  about  0*3 
am[>ere  only.  When  the  current  was  turned  on,  as  a 
matter  of  fact  the  lamps  were  consideraby  over-incaodesced, 
and  the  Cardew  voltmeter  which  was  connected  to  the  lamp 
circuit  indicated  110  volts.  When  only  one  set  of  trans- 
formers is  attached  to  discharge  the  mains,  the  pressure  has 
been  seen  to  rise  to  130  volt«  on  the  voltmeter,  and  with  a 
longer  length  of  main  even  to  160  volte. 

The  above  is  a  statement  of  the  arrangement  for 
testing  adopted  on  our  visit.  The  current  was  kept  on  some 
minutes,  and  then  the  fuse  went.  This  was  owing  to  the 
fact  that  three  strands  of  fuse  only  had  been  used  to 
charge  the  mains  for  some  time.  New  lengths  of  main 
had  been  added,  and  this,  as  we  have  said,  cansee  the 
rush  of  current  to  be  greater  as  the  length  increases,  due 
to  the  condenser  action  of  the  main,  the  greater 
current  reappearing  in  increased  electrical  pressure.  Four 
strands  of  fuse  were  inserted,  and  then  the  10,000-Tolt 
current  was  kept  for  some  quarter  of  an  hour  or  so  upon 
the  1^  miles  of  newly-laid  main. 

The  tests  with  20,000-volt  current  were  not  taken  at  the 
time  of  our  visit,  but  it  is  easy  to  see  the  arrangement 
adopted.    The  two  first  transformers  in  this  case  are  con- 
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volt  pressure.  The  ordinary  mains  from  the  Grosvenor  are 
led  in  at  2,400  volts.  From  these,  wires  are  taken,  passing 
each  through  two  long  hieh-pressure  fuses,  and  then  by  a 
double-pole  switch  to  two"  10,000-vott  transformers  con- 
nected in  parallel  These  transformers  luve  a  ratio  of 
four  to  one,  so  that  the  exact  pressure  on  the  terminals  is 
9,600  volts.  The  Ferranti  mains  end,  as  we  have  seen,  in 
a  cone,  the  inner  conductor  projecting  foiward.  In  the 
tests  which  we  witnessed  on  August  30th,  the  four 
lenf^ths  of  underground  main  were  previously  connected  in 
senes,  as  shown,  so  aa  to  make  one  length  of  about  one  and 
A  half  miles,  commencing  at  the  testing  station,  going 
down  to  Brewer's-lane,  Cbaring  Gross,  returning  to  Picca- 
dilly-cireas,  donbling  bock  to  Brewer's-lane,  and  so  returning 
to  tiie  testing  station  at  Bed  Lion-yaid.  The  wires  at  9,600 
volts  were  led  to  one  end,  and  connected  to  the  inner  and 
outer  conductors,  so  that  the  whole  length  had  this  pressure 
between  its  two  concentric  tubes.  The  circuit  finished  at 
the  end,  of  the  second  main  at  the  testing  station,  and  from 
there  waa  led  off  to  a  disoharging  arrangement  This  is 
shown  in  diagram  in  the  figure,  and  conaiets  of  four  sets  of 
small  transformers,  ratio  24  to  1,  connected  two  in  parallel 
and  the  four  sets  in  series,  thus  reducing  the  pleasure 
again  to  (9,600  -i-  4  x  24)  a  nominal  .100  volts.  The 
GUirent  waa  taken  off  each  transformer  separately  by  four 
100-c.p.  hunpB,  or  e^ht  6<h!.p.,  aa  the  ca§e  may  bfe,  each 


nected  in  series  instead  of  in  parallel,  as  shown,  and  the 
discharging  transformers  are  also  connected  all  in  series.  This 
higher  test  cannot  always  be  taken,  aa  the  mains  must  be 
closely  connected  (as  already  mentioned)  with  concentric 
main  at  the  ends.  The  distance  between  the  inner  conductor 
and  the  copper  sleeve  projecting  from  the  outer  conductor  is 
only  ^in.  tnrougb  air,  and  over  this  distance  on  damp  days 
the  20,000-volt  current  will  spark  across  with  loud  cracks 
like  a  pistol  repoit.  This  highest  potential  is  therefore 
not  always  employed,  but  the  main  has  been  repeatedly 
tested  under  this  enormous  pressure  on  many  occasions. 

After  the  main  insulation  has  been  tested,  the  ineulatioD 
between  outer  conductor  and  the  steel  sheathing  is  tested 
in  a  similar  way  with  transformers  at  a  pressure  of  500 
volte,  a  discharging  transformer  being  connected  at  the 
further  end  as  before,  the  current  in  this  case  being 
absorbed  by  a  metel  resistance. 

PROGRK83  OF  TBK  WORK. 

The  work  of  laying  the  mains  is  now  progressing  rapidly. 
The  four  seta  of  main  are  practically  complete  to  London 
Bridge ;  three  sets  are  complete  across  the  Charing  Croaa 
railway  bridge.  The  mains  are  also  laid  as  far  as  tbe 
Grosvenor  Glallery.  Some  13  gangs  of  men  in  all  are 
working  at  them, and  21  jointing  apparatuses  ore  in  use.  The 
following  is  the  Ijst  of  die  gangs  at  vov\.  to  Aug.  SOth, 
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JThtM  two  are  soBpendod 
...Uodergroaiid  Forraati 


"r 


3.  Undar  Spa-md  rnilw^  i 

4.  Snoir  Fields,  London  Bridge   . 
5  ood  6.  Blockfriara  dutributing  Btstlon  ,, 

7.  Balvodere-road,  l4unbeth „ 

8.  Btnnd „ 

9.  PiccadiUy-ciraoB „ 

10.  CUSbrd-Btreet,  BoDd'Btreet  (towardB 

tho  Grtwvenor  Oallery) „ 

11.  Park-lane  Silvertiowii  nuuu,  i  „.„„ 

12.  Along  Piooadilly „  „    L  ^'1^ 

la  Along  Farliament-st.,  Westminater..SietnenB  main.      J  ^^"' 

The  above  will  show  the  nature  qf  the  progresB  made  ii_ 
the  laying  of  the  mains.  Meanwhile,  we  mar  say  that  during 
the  week  ending  August  30th  the  Deptfora  station  ran  the 
whole  of  the  load  of  38,000  lighte  without  any  assiatance  from 
the  Groavenor,  bv  the  present  temporaiy  cables  at  5,000 
volts,  continuously  without  stopping  from  the  Monday 
morning  till  the  Saturday  night.  The  opportunity 
has  been  taken  to  make  some  interesting  experiments 
with  the  Grosvenor  dynamos,  such  as  running  them  in 
parallel,  and  running  them  as  motors  from  each  other,  and 
irom  Deptford.  It  is  interesting  to  state  that  the  Grosvenor 
dynamo  has  run  as  a  motor,  turning  itself,  and  running  the 
engine,  with  an  expenditure  of  energy  calculated  from  the 
current  and  pressure  readings  of  60  h.p.  Since  this  date 
the  two  dynamos  at  the  Grosvenor  have  supplied  the  cir- 
cuits in  parallel  We  may  expect  to  hear  further  interest- 
ing details  of  these  experiments ;  meanwhile,  the 
dsBcription  of  the  tests  we  have  been  able  to  lay  before 
OUT  readers  will  give  subject  for  ample  consideration  and 
reflection. 


THE  EDINBURGH  EXHIBITION.-XVL 

Stand  JVo.  8S.    Sir  TFUliam  Thomson's  Instnanmts. 
(ContmiMd  from  page  S12.} 

The  magneto-static  current  meter.  Fig,  1,  consists 
essentially  of  a  small  steel  magnet  or  system  of  magnets 
suspended  in  the  centre  of  a  uniform  field  of  force  due  to 
two  coils,  each  having  one  or  more  turns  of  copper  ribbon 
or  wire,  and  also  under  the  directive  influence  of  two 
systems  of  powerful  steel  magnets. 

The  suspended  system  of  magnetti  is  attached  to  one  end 
of  a  vertical  shan  passing  down  centrally  through  an 
opening  in  the  sole-ptate  of  the  instmment  from  an 
indicating  needle  which  is  supported  by  a  jewelled  cap 
retting  upon  an  iridium  point. 

The  two  systems  of  directive  magnets  are  circular  in 
form,  and  each  ring  is  composed  of  two  semi-circular 
magnets  placed  in  a  brass  cylindrical  frame  with  their 
sinular  poles  together.  Each  system  is  securely  fixed  to  a 
drcolar  brass  b«me,  which  fits  on  to  the  cybodrical  case 
of  the  instrument  in  such  a  manner  that  the  systems  are 
camble  of  being  turned  round,  together  or  separately. 

The  instrument  has  a  "tangent  scale,"  which  is  adjusted 
in  its  position  before  the  instrument  is  sent  out,  so  that 
tiie  needle  indicates  equal  differences  of  readings  for  equal 
difTsrencee  of  current  The  scale  consists  of  a  huntu-ed 
divisions,  and  for  most  purposes  it  is  convenient  to  set  the 
Geld  magnets  in  such  a  position  that  the  needle  points  to 
0,  and  to  use  the  scale  from  that  point  upwards  towards 
100.  Sometimes,  however,  it  may  be  found  convenient  to 
measure  currents,  whose  direction  is  being  occasionally 
reversed,  without  being  at  the  trouble  of  reversing  the 
electrodes  in  the  contact  clip ;  in  that  case  the  zero  ^ould 
be  set  to  the  division  DO  at  the  middle  of  the  scale,  and 
readings  taken  on  each  side  of  it  It  must  be  remembered 
that  when  the  point  taken  as  zero  is  changed,  the  constant, 
by  which  the  indications  of  the  instrument  have  to  be 
mnitiplied  to  give  the  current  in  amperes,  is  changed  in 
proportion  to  uie  cosine  of  the  angle  between  the  zero  point 
and  the  middle  of  the  scale ;  and  as  this  angle  is  60deg., 
the  constant  with  the  zero  at  50  on  the  scale  is  exactly 
double  the  constant  with  the  zero  at  0  on  the  scale. 

The  instrumsnt  is  provided  with  a  "  lifter,"  which  serves 
to  raise  the  needle  off  the  iridium  point  when  it  is  being 
moved  about  from  place  to  place.  T^  lifter  is  in  the  form 
of  a  ring  placed  t»low  the  needle,  and  may  be  raised  or 


lowered  by  turning  the  handle  attached  to  an  eccentric 
passing  through  the  side  of  the  instrument  on  a  level  with 
the  scale.  It  also  serves  as  a  checker,  by  bringing  it  lightly 
into  contact  with  the  pointer,  so  as  to  stop  its  vibrations. 

The  two  grades  of  this  instrument  which  are  found  most 
convenient  are : 

The  milliampere-meter,  which  has  an  effective  range  of 
from  -3  to  300  milliamperes,  and  is  usually  adjusted  to  read 
two  milliamperes  per  division. 

The  ampere-meter,  which,  has  an  effective  range  of  from 
'3  to  300  amperes,  and  is  osually  adjusted  to  read  one 
ampere  per  division ;  in  both  grades  with  the  zero  at  0  on 
the  scale.  If  desired,  instruments  can  be  supplied  having 
the  constants  adjusted  to  any  value.  The  very  wide  range 
of  accurate  measurement  given  by  these  instruments  makes 
them  invaluable  for  laboratory  use. 

The  instrument  has  an  advantage,  important  for  some 
practical  purposes,  of  being  available  as  an  accurate  direct- 
reading  current  met«r,  through  a  continuous  range  of  from 
1  to  100  times  ita  smallest  current,  which  maybe  anything 
from  half  a  milliampere  to  four  amperes,  according  to  the 
number  of  turns  in  the  coils  supplied  with  the  instmment. 


It  is  not,  however,  available  as  an  alternate  current  instru- 
ment, and  it  must  be  remembered  that  the  magnetism  of 
the  steel  directing  magnet  does  not  remain  absoiut-  ly  con- 
stant. With  good  quality  of  steel  a  proper  preliminary 
ageing  of  the  magnet  (by  heating  it  several  times  in  boiling 
water  and  cooling  it  again,  and  subjecting  it  to  somewhat 
varied  rough  usage)  brings  it  to  a  condition  in  which  its 
magnetism  is  found  to  remain  exceedingly  nearly  constant 
month  after  month  and  year  after  year.  Still,  it  should 
never  be  relied  upon  as  absolutely  constant,  and  for 
accurate  laboratory  work  it  is  therefore  necessary  to  have 
some  means  of  retesUng  the  instrument  at  any  time.  This 
is  always  easily  done  with  the  utmost  accuracy  if  one  of 
the  balance  instrumente  is  available  as  a  standard. 

Anotbra*  advantage  which  the  instrument  has  is  that, 
when  a  standard  instrument  is  available,  its  constant  is 
capable  of  being  varied  to  any  desired  value  down  to  one- 
tenth  of  that  which  it  has  with  its  directive  magnets  in 
their  strongest  position.  Thus,  if  the  constant  should  be 
three  amperes  per  division  of  the  scale,  with  the  similar 
poles  of  the  magnets  coinciding,  it  may  be  adjusted  to  any 
value  down  to  0-3  ampere  per  division. 

One  very  convenient  use  of  the  instrument  is  to  act  as  a 
lamp-counter  for  indicating  the   number  of  iocwidescent 
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lamps  in  use  in  an  installation.  For  this  purpose  it  is  best 
to  standardise  it  by  putting  on  a  known  number  of  lamps 
and  adjusting  as  described  below  until  the  desired  reading 
is  obtiuned  on  the  scale.  Of  course,  this  numbering  of 
lamps  is  not  possible  to  any  great  accuracy,  because  the 
lamps  themselves  are  not  rigorously  equal  in  the  amount 
of  current  which  each  takes,  but  the  lamp-counter  serves 
the  important  practical  purpose  of  showing  at  any  time  the 
number  of  lamps  in  use  nearly  enough  for  practical  pur- 
poses. In  private  houses  this  is  very  useful  as  a  check 
against  some  lamp  or  lamps  being  left  accidentally  alight 
in  a  cellar,  or  safe-room,  or  box-room,  or  other  place  where 
the  fact  of  its  being  alight  might  escape  observation  for 
days  or  weeks  together. 

To  count  larger  numbers  of  incandescent  lamps  up  to 
1,000  or  more,  the  instrument  is  made  with  smaller  rings 
of  more  massive  conductor,  and  the  same  proportionate 
accuracy  is  attained  as  with  the  100  lamp-counter. 

The  milliampere^meter,  on  account  of  the  low  resistance  of 
its  copper  coil — about  40  ohms — may  conveniently  be  used 
as  a  voltmeter.  To  adapt  it  for  this  purpose  a  copper 
cylinder,  wound  anti-inductively  with  two  platinoid  resist- 


ances, is  supplied.  The  first  of  these,  together  with  the 
resistance  of  the  instrument,  makes  up  100  ohms,  and  the 
second  alone  is  900  ohms.  Thus,  taking  the  constant  of  the 
instrument  at  two  miUiamperes  per  division,  by  joining  the 
smaller  in  series  with  the  instrument,  the  reading  on  the 
scale  will  be  1-5  of  a  volt  per  division ;  with  both  resist- 
ances in  seriiBS  with  the  instrument  the  reading  will  be  two 
volts  per  division. 


ON    THE    CHARACTER    OF    STEEL    USED    FOB 

PERIKANENT  HAGNETS.* 

BT  W.   H«  PRBECE,  P.R.a, 

In  the  discussion  which  followed  the  reading  of  Dr.  John  Hop- 
kinson's  presidential  address  to  the  Institution  of  iSlectxical 
Engineers,  I  took  the  opportunity  to  point  out  that  the  quality  of 
ma^etio  steel  in  Englimd  had  deteriorated,  and  that  it  waa  not 
to  be  compared  with  that  produced  in  France  in  1881.  This  state- 
ment was  questioned  at  the  time,  and  I  determined  to  make  an 
exhaustive  test  of  the  various  steels  that  are  now  in  the  maricet. 
Specimens  were  therefore  obtained  from  the  leading  Anns  in  Shef* 

*  Paper  read  before  the  British  Association. 


TABLE  L— Results  of  Expxbimbnts  fob  DcEBBMiinNO  the  Magnbtio  Moments,  etc.,  of  Vabious  Kinds  of  Steel. 

First  Series.— June,  1890. 


Name  of 
manufacturer. 


Wall 


Aflhforth 


Sannderson 


•  ••••  .        ••! 


Jowitt 


Viokera 


Crewe  "rivet  steer' . 


Crewe  "  spring  steel" 


Clemandot... 


Marchal 


«*Allevard".«. 


1 
2 
3 

4 

1 
2 
3 

4 

1 
2 
3 

4 

1 
2 
3 

4 

1 
2 
3 

1 
2 
3 

4 


1 
2 


Al 
2 
3 
4 
5 
6 


B7 

1 
2 
3 

4 
5 
6 

1 
2 
3 

4 


Weight. 


Gra'mes 
67-279 
67-235 
66-252 
66-648 

76-228 
76-266 
75-870 
76-247 

77-962 
77-800 
76-955 
77-145 

73-928 
74-120 
72-058 
73-840 

68-631 
70-043 
66-651 

75 -751 
75-820 
75-553 
77-210 


75-012 
76-066 


Mean  area 
of  poles. 


79-618 

80-335 

80-208 

79-94 

80-542 

79*958 


80-322 

78-478 
80-253 
79-380 
79*540 
78-260 
79-488 

79-900 
80-415 
79-600 
79-765 


Sq.  cm. 
•%503 
-8513 
-8446 

-8487 

-9295 
-9436 
-9365 
•9398 

-9712 
-9740 
-9645 
•9634 

•9186 
-9249 
•8995 
•9214 

•8811 
-9010 
•8589 

•9731 
-9790 
-9736 
•9909 


-9763 
-9837 


-9917 
1*011 
1-014 
1-001 

-9992 
1-0006 

1-0064 

-9944 

1-0054 


Lenfrth. 


Cm. 

10-025 

10-04 

10-02 

1001 

10-00 
10-00 
10-00 
10-03 

10-04 
10-03 
10-03 
10-03 

10-04 
1003 
10-03 
10-03 

10-04 
10-03 
10-02 

9-98 

9-97 

9-97 

10-00 


10-02 
10-02 


9-90 
9-95 
9-98 
9-96 
9-97 
9-96 


9-88 

10-00 
10^00 
10-00 
10-00 
10-00 
10-00 

9^86 
9-87 
9-89 
9-90 


Volume. 


Cub.  cm. 
8-525 
8-547 
8-463 
8-496 

9-295 
9*436 
9-365 
9-426 

9-750 
9-770 
9-674 
9-662 

9-222 
9-276 
9-022 
9-241 

8-846 
9*037 
8*606 

9-711 
9-760 
9-706 
9-909 


9-783 
9-857 


9-914 
10-04 
10-03 

9-993 
10-07 

9-995 


10-04 

9-917 
10-106 
10-136 
10-01 

9*992 
10*006 

8-656 
9-934 
9-835 
9-954 


Mean 

moment 

M. 


985*4 

962*0 

1032*5 

1158*5 

1380*5 
1274*5 
1101*5 
1348-8 

1258-4 
10510 
1048*7 
1107*8 

972*0 
1303*7 
1010*8 
1170*9 

7921 
934-9 
718*7 

149*6 
162*3 
149-6 
99*88 


1093*3 
1039-0 


872-9 

968-6 

956-9 

1127-1 

1010*8 

1284*1 


741*2 

1750*7 

1556 

1372 

1645 

1200*5 

1279*8 

878*9 
1199*4 
1480*5 
1138*6 


Specific 

magnet" 

ism. 


14*65 
14*31 
15*58 
17*38 

18*35 
16*71 
14*52 
17-69 

16*14 
13*51 
13*63 
14*36 

13*15 
17*59 
14*03 
15*86 

11*54 
13*35 
10*78 

1-97 
2*14 
1*98 
1*29 


14*58 
13*65 


10*98 
12-06 
11*93 
14*10 
12*55 
16*06 


Intensity 
ofmagneti- 
sation  (I). 


9*227 

22*31 
19-39 
17-28 
20-68 
15-34 
16*10 

11-00 
14*92 
18*60 
14*27 


115*6 
112*6 
120-8 
136*4 

148*5 
135*1 
117*6 
143*1 

129*1 
107*6 
108*4 
114*7 

105*4 
140*5 
112*0 
126*7 

89*54 
103*5 
83*52 

15-40 
16-63 
15*41 
1008 


111-7 
105*4 


88-07 
96-48 
95-41 
112-8 
100-4 
128-5 


73-83 

176-5 
154-0 
135-4 
164-3 
120*1 
127*9 

89*17 
120-7 
150*5 
114*4 


Induc- 
tion 
(4tI)B. 


1452 
1414 
1517 
1718 

1866 
1697 
1478 
1798 

1622 
1351 
1362 
1441 

1324 
1766 
1407 
1692 

1125 
1300 
1049 

193-5 
208*9 
193*6 
126*6 


1404 
1324 


Mean  in- 
duction of 
specimens 
made  from 
each  kind 

of  steeL 


1524 


1710 


1444 


{ 


1622 


Remarks. 


Steel  splits  in  tern 
poring. 


One  specimen  split 
slightly  in  temper- 
ing. 


} 


1106 
1212 
1199 
1417 
1261 
1614 


928 

2218\ 

1934 

1701 1 

20651 

1510 

1607^ 

1120\ 
1517/ 
1892  \ 

1437/ 


1158 


{ 


180*6 


1364  J 


1116  < 


One  specimen  failed 
tostand  tempering, 
one  slightly  split. 


928  I 


1839 


1318   I 
1664 


Two  specimens  failed 

to  stand  temper- 
ing ;    other    two 

beSly  split. 
These  bturs    are  of 

compressed  steel, 

tempered     and 

magnetised  by  the 

maker ;  they  are 

rather        rouehly 

finished,  anduiefr 

dimensions  could 

only  be   approxi- 

matelydetermined 

Tested  as  received 

from  Paris. 
Compressed,  but  im- 

tempered. 

Tempered  and  mag^ 

»tised     by    the 

Testedas 

rec^T^^    from 

Paris. 

Tempered   ui  *,,  >^ 
cury.  ^er>.^ 

Tempered  to  ^^'^.^ 
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IiOw«Tar,  oonaiderably  tTtertattdhy  the  ume  treatment,  ai  will  be 
eeen  from  tbe  tabaUted  reeult  of  the  txvtrimtnU. 

The  aut«iietamet«r  employed  is  mmplr  a  lliomaon  mirror,  suit- 
ably mounted  with  lerelllng  eorews,  and  placvl  orer  the  centre  of 
a  millimetre  Male  two  metree  lonr.  The  Kale  for  readlDg  the 
defleotiona  ii  of  the  usual  straight  kind,  with  central  wro,  and  is 


Fis.  1. — Electromagnet. 

placed  at  a  oonst«nt  distance  of  100  om.  from  the  mirror.  The 
magneta  were  in  most  osBee  tested  with  their  centres  at  distances 
of  100  and  75  cms.  from  the  mirror,  the  mean  of  rvadings  on  either 
side  of  leni  in  each  position  was  taken.     The  momente  have  been 

caloalat«d   from   the  formula :   M  =  =  '  '   tan  0 ;  r  beinf;  the 


2.  ExperimeoU  with  glass  hard  magnetised  wires.— 
from'the  formula,  H'  = 


^(^.-p). 

tana 

Jane  15. 

Moment 
of 

- 

Deflect. 

Tan.  9. 

Time  of 

complete 

vibration, 

T. 

H. 

Mean. 

No.  1  wire 
2  „ 

S-6421 
0-574 
6-674 

Hm. 
400 

Mm. 
17-68 
1214 
17-48 

■00879 

ooeoes 

008738 

Beos.     1 
7-076     ,'12J8 

S-462    -ms 
7-062    -ma 

}l-OT7 

The  Taloee  of  H  thns  obtained,  although  agreeing  closely  with 


6-S9,  7-14,  aad  6-95  seoonds,  making  H  abont  -1782,  and  showing 
tiiat  the  previoos  determinations  were  fairly  accorate. 

Daring  the  second  series  of  experiments  the  following  Tallies  of 
H  were  obtained  by  the  coil  method  : 


Fio.  2. — Magnetometer. 
The  mazimam  valne  of  29  being  only  about  4deg.,  tan  0  has 


been  taken  as  equal  te  ^f^i. 

The  value  of  H  for  the  room  In  the  General  Post  Offioe  in  which 
the  first  series  of  experiments  were  made  was  determined  both  by 
the  ooil  method  and  by  the  method  of  vibrations. 

1.  Experiments  with  a  coil  of  18  tnrns,  and  a  mean  radius  of 
(16-6)  cms.  : 


Date. 

Current. 

Distance 
of  ooil 

Deflec- 
tion. 

Tan.  tf 

H. 

Mean 

value  of 

H. 

mhror. 

Amperes 

Mm. 

Hm. 

June  12th  ... 

1,000 

21-01 

■010*7 

■12«8 

-S3 

600 

96-14 

-04808 

-1276 

•B 

1,000 

20-93 

■01046 

-1289 

-1276 

•47 

44-79 

•0224 

■las.'i 

••      »     - 

■44 

79-63 

-03966 

-128% 

t  eipemnent,  and  arranging  them  ii   .      .  ,      . 

Induction. 

Marehal,  No.  1  2,835 

Clemandot,  No.  1 2,362 

"Allevanl."  No.  3  (water  tempered)  1,879 

Ashforth,  No.  4 1,779 

Jowitt,  No.  2 1,746 

Wall,  No.4 1,688 

Sannderson,  Na  1 1,610 

"  Allevard,"  No.  2  (meroory  tempered) 1,528 

Crewe  "  spring,"  No.  I  1,436 

Vickere,  No.  2 1,287 

Crewe  "  rivet,"  No.  3 217 

If  we  take  the  mean  induction  of  the  magnets  of  each  group, 
which  is  probably  a  fairer  method  of  comparison,  we  obtain  a 
slightly  different  order— viz.  : 

Mean  induction, 

Marchal  2.540 

Clemandot 2,266 

Ashforth 1,704 

Allevard  (water  tempsred) 1,660 


WaU.. 

Jowitt 

Sannderson 

Crewe  "spring"  , 

Allevard  (mercury  tempered)    . 

Vickers    

Crewe  "rivet" 


1,519 
1.5 


I,31fi 
1,174 
186-6 


The  marked  saperiority  of  the  Marchal  magnets  over  those  made 
of  English  steel  is  evidently  not  due  to  the  method  of  magntiisa- 
tion  adopted  by  the  maker,  since  their  mean  induction  was  in- 
creased by  38  per  cent.,  and  their  magnetisation  rendered  more 
uniform  1:^  re-magnetlsation  in  our  coil.  Their  greater  strengUi 
must  therefore  be  due  either  to  the  quality  of  the  steel,  or  to  the 
lode  of  t«mpering~'most  probably  the  latter.     The  (Clemandot 

•^w^nmmmmiMA      o^Aal    w^^f*n^tm      *rtA      ••L.Af|   yifQf^     VQTy     pOOT    WhOI 

-e  than  doubled  by  re-ti 


In  view  of  the  results  of  these  e: 
gate  further  the  methods  of  tempering  magnet  et 
cleef  there  is  room  for  improvement  in  our  present  [ 

I  am  indebted  to  M.  Trotin,  of  the  French  Telegraphic  Adminis- 
tration, for  having  kindly  procured  the  French  specimens  for  me. 

The  Induction  in  these  short  stsdeht  bars  is  comparatively  low, 
because  we  measure  only  the  lines  (Maxwell's  B)  that  radiate  from 
the  ends.  Prof.  Ferrv  has  sncoeoded  In  getting  as  much  as  12,700, 
with  Jowitt  steel,  throuKb  the  middle  of  a  magnet  of  a  special 
form.  It  ought,  apparently,  t^i  be  possible  to  get 
about  20,000  with  the  best  French  steel 

I  happen  to  have  in  my  possession  two  noall  horseshoe  magnets 
of  Allevard  steel  which  were  made  for  Mr.  H.  Edmunds,  and 
miwnetised  in  Paris  in  1881.  The  induction  of  one  is  now  3,2S7'3, 
ana  of  ^e  other  3,652-6.  They  have  never  been  touched  since 
s  therefore  vetT  good, 
have  been  maae  with  great  patience  and 
skill  by  Mr.  Henry  EartnoU. 


tttE  l^htC&RlGAh  lENGINtelER,  SSMEMBfeR  19,  18&0.       iiii 


THE  EFFECT  OF  OXIDATION  ON  THE  MAGNETIC 
PROPERTIES  OF  MANGANESE.* 

Br  L.   T.   O'SRKA,  B.Sa 

When  manganefle  steel  drilling^  are  oxidised  they  beoome  mag- 
netic, the  development  of  magnetic  properties  being  due  to 
removal  of  manganese  b^  oxidaUon,  etc.,  and  to  the  majgnetio  pro- 
perties of  the  oxide  of  iron  (probably  magnetic  oxide)  formed. 
When  the  oxidised  product  is  reduced  in  hydrogen,  the  iron 
oxide  is  converted  into  metallic  iron  and  the  manganese  remains  as 
manganous  oxide  (MnO).  The  reduced  steel  is  now  powerfully 
inagnetic  in  virtue  of  the  magnetic  properties  of  unalloved  metallio 
iron.  Durin|^  the  process  of  oxidation,  the  proportion  of  manganese 
to  iron  oxidised  in  a  g^ven  time  is  only  very  slightly  in  excess  of 
the  proportion  of  manganese  to  iron  in  the  original  steel.  The 
excess  of  manganese  oxidised  is  in  all  probability  due  pMtly  to  the 
greater  susceptibility  of  manganese  to  oxidation,  and  partly  to  the 
heterogeneous  structure  of  the  steel. 


The  following  discussion  took  place  on  the  papers  of  Messrs. 
Swinburne  and  Bourne  [Skeirieal  Engineer  for  September  12th, 
p.  220),  Preece  and  O'Shea: 

Kr.  PriMftoo  said  it  was  his  intention  to  pursue  the  question  of 
tempering,  and  he  would  be  thankful  for  any  suggestions.  He 
was  going  to  take  a  great  number  of  samples  t>f  steel,  raise  them 
to  different  temperatures,  and  quench  them  in  different  cooling 
mixtures,  such  as  oil,  mercury,  and  water. 

Prof.  Barrett  remarked  that  he  believed  the  exact  temperature 
at  which  the  heated  steel  was  hardened  by  quenching  as  well  as 
the  ratio  of  quenching  would  be  found  to  be  important.  If 
quenched  short  of  the  rocaleeoent  point  no  hardening  ensued—steel 
oould  not  be  temoered,  hence  the  subject  connected  iteelf  with  the 
committee,  of  which  he  was  secretary,  on  magnetic  and  other 
phenomena  connected  with  the  recalesoent  point  in  steeL  Dr. 
Ball,  in  a  recent  paper  read  before  the  Iron  and  Steel  Institute, 
said  that  both  the  tensile  strength  and  magnetic  properties  of 
steel  underwent  a  marked  change  when  the  steel  was  quenched  at 
two  critical  points— one  SOOdee.  C,  and  the  other  about  l,300deg. 
C.  He  hoped  Mr.  Preece  would  send  specimens  of  his  steel  to  the 
Recalescent  Ck>mmittee.  In  regard  to  Mr.  O'Shea's  paper.  Prof. 
Barrett  remarked  it  was  Mr.  Hadfield  who  first  noticed  that 
inagnetic  steel  filings  became  mairnetic  in  heating  to  whiteness. 
He  had,  through  Mr.  Hadfield's  kindness,  been  able  to  make 
many  experiments  on  this  question,  the  results  of  which  he  had 
communicated  to  the  Roval  Dublin  Society.  Mr.  O'Shea  had  shown 
that  oxidation  oould  hardly  be  regarded  as  sufficient  cause,  and  he 
(Prof.  Barrett)  was  inclined  to  think  the  cause  was  due  to  some 
dissociation  or  deoomposition  of  the  magnetic  steel,  whereby  free 
iron  particles  were  liberated.  This  effect  did  not  occur  in  wire  nor 
filings  wrapped  in  platinum  foil,  but  this  might  be  explained  by 
the  more  rapid  cooling  which  took  place  in  the  filings,  whereby 
the  molecular  steel  at  a  high  temperature  might  be  fixed. 
^  1&.  O'Bliaa,  in  reference  to  Prof.  Barrett's  remarks  on  dissooia- 
tion,  pointed  out  that  steel  in  the  mass  did  not  present  those 
magnetic  properties  to  the  same  extent  as  it  did  in  the  fi^ss,  and 
why  should  dissociation  take  place  in  the  filings  when  it  did  not 
in  Uie  mass?  His  point  was  tnat  oxidation  did  cake  place,  but  in 
the  csjw  of  a  mass  of  steel  that  oxide  scaled  off  and  left  the  metal 
perfectly  free  from  oxide  ;  whereas  in  the  case  of  filings  the  oxide 
remainca  with  them  and  thmr  remained  magnetic ;  then  it  was 
that  dissociation  took  place.  When  the  two  were  oxidised  they 
first  had  the  oxide  of  iron  exerting  its  magnetic  e£Pect,  and  then 
after  reduction  the  metallic  iron  exerted  its  magnetic  effect. 

Prof.  Perry  said  that  there  could  be  no  more  useful  work  than 
that  which  was  being  undertaken  by  Mr.  Preece  and  his  assistants, 
and  as  Mr.  Preece  subjected  all  the  specimens  to  the  same 
treatment  his  test  was  a  tair  one.  But  was  this  the  same  in  the 
matter  of  tempering  f  He  gathered  that  only  one  English  specimen 
was  tempered  in  mercury,  and  the  Allevard  specimens  nad  not 
been  tempered  by  Mr.  Preece.  He  put  it  that  this  was  really  the 
important  matter,  the  tempering,  and  he  was  glad  to  think  that 
Mr.  Preece  intended  to  go  thorouighly  into  the  effect  of  tempering. 
Until  that  was  done  these  re- 
sults were  useless.  He  (Mr. 
Perrv)  had  tempered  diffe- 
rently three  similar  specimens 
of  the  same  steel,  one  m  water, 
one  in  a  little  mercury,  one  in 
a  lane  bath  of  mercury.  The 
thirtT  had  an  enormously 
greater  retentiveness  (he  was 
not  sure,  but  thought  it  was 
three  times)  Uian  the  first. 
He  had  the  notion  that  steel 
must  remain  isx  a  magnetic 
circuit  of  small  magnetic  re- 
sistance  if  it  was  to  retain  its 
Induced  magnetisation ;  that 
was,  suppose  a  nearly  complete  ri^g  of  pieces  of  steel  to 
have  been  magnetised,  tiie  magnetisation  would  be  greatlv 
diminished  by  taking  them  i^Mwt  and  replacing  them.  He 
obtained  very  ereat  permanent  induction  by  using  the  best  form  of 
nisffnec  he  could  think  of  for  that  purpose,  although  it  might  be 
nselMS  for  aU  other jpnrposes.  B  was  a  very  broad,  very  thin  strip 
of  glass-hard  steel  ^tea  to  soft  iron  pole-pieces,  A  A,  C  being  a 

*  Abstract  of  paper  read  before  the  British  Association. 


well-fitted  keeper.  The  force  required  to  pull  off  the  keeper 
enabled  the  total  induction  to  be  calculated.  As  the  dimensions 
were  great  at  right  angles  to  the  jiaper, '  it  was  obvious  that 
whether  the  keeper  was  on  or  off  there  was  always  extremely  little 
total  magnetic  resistance. 

Sir  Wtai.  Tliomaoii  said  that  Sir  A.  Oray  and  himself  had  made 
a  large  number  of  experiments  in  the  physical  laboratory  of  tiie 
Glasgow  University,'  comparing  steel  from  different  makers.  It 
was  Tory  difficult  to  get  from  the  same 'maker  constant  results. 
Over  and  over  again  the  specimens  were  found  to  differ  exceedingly 
in  magnetic  qualitv  from  one  another  by  10  or  20  per  cent., 
though  alleged  by  the  maker  to  be  as  nearly  the  same  as  he  could 
make  them.  On  the  cthehiuiAd,  they  would  get,  a  very  good 
specimen,  and  would  ask  for  one  like  that,  but  had  very  great 
cufficulty  in  getting  what  they  desired.  The  specimens  could  not 
be  too  liard,  and  even  when  be  asked  for  them  to  be  glass  hard 
those  sent  did  not  come  up  to  what  he  knew  they  ought  to  have. 
He  returned  them  to  be  made  as  hard  as  they^could  be  made,  and 
only  then  did  he  get  good  results.  He  was  exceedingly  glad  Mr. 
Preece  had  taken  the  subject  up,  and  he  thought  tiie  resous  would 
be  exceedingly  valuable  and  interesting,  not  to  science  only,  but 
to  applied  science.    There  was  a  great  career  for  steel  maffnets. 

Sir  A.  Oragr  remarked  that  the  indtiction  obtained  by  SirliV'illiam 
Thomson  and  himself  was  about  12,000. 

Sir  IKmiiam  Ttaeaiaon  said  that  thev  reckoned  the  standard 
result  for  the  very  best  steel  used  to  be  100  C.O.S.  intensity  of 
magnetisation  per  fframme  weight;  that  oon^eaponded  to  only 
about  10,000  faiduction,  and  he  was  pleased  to  see  the  results  put 
forward  by  Mr.  Preece  were  enormously  better  than  what  was 
supposed  to  be  obtainable.  C.G.S.  per  gramme  was  a  very  conve- 
nient way  of  putting  it.  In  connection  with  his  experiments,  he 
multiplied  by  the  specific  gravity  of  steel  7 '8,  so  that  100  magnetic 
moment  per  gramme  g^ve  780  magnetic  moment  per  cubic  centi- 
metre intonsity  of  ma^etisation,  and  that  was  the  best  way  of 
putting  it.  This  was  Sie  highest  intensity  of  magnetisation  that 
oould  be  obtained. 


ELECTRO   OPnCS.* 


Some  progress  in  the  experiments  for  the  conduction  of  which 
the  committee  were  appomted  has  been  made  by  Dr.  Kerr,  but 
the  committee  regret  to  have  to  report  that  they  are  still  only  in 
the  preliminary  stage.  The  first  trials  were  made  last  wintor  at 
some  length,  but  were  without  effeotk  The  difficulty  arose  from 
some  unexpected  and  serious  defects  in  the  new  plato  cell,  which 
are  now  beme  remedied. 

The  committee  hope  that  the  apparatus  may  be  in  working 
order  shortly,  and  look  forward  to  being  able  to  make  a  full  report 
next  year.    They  ask  for  reappointment. 


POLARISATIOtt  OF  THE  EABTH. 


Mr.  Charles  Cuttriss,  in  the  KeW  York  Electrical  JBhigineer,  gives 
an  account  of  some  tests  made  on  certain  phenomena  on  the  ocean 
underg^und  cable,  showing  the  effect  ot  heavy  currents  in  polaris- 
ing the  ground  when  used  as  a  return  circuit  for  an  electric  road, 
aiul  the  great  distance  at  which  it  oould  bei  felt.  The  ocean  com- 
panies' undeiground  lines  extend  from  ^ew  York  north  to  Bronx 
river,  12  mibs;  and  south  to  Coney  Island,  12  miles;  and 
the  grounding  of  the  lines  at  these  stations  gives  a  ready 
way  of  detecting  in  New  York  any  differences  of  potontiid 
at  either  end.  At  noon  on  Ausust  17th  there  was  a  fairly 
steady  (and  normal,  apparently)  difference  of  potential  between 
Bronx  river  and  New  York  of  '8  to  1  volt ;  between  New  York  and 
Coney  Island  a  difference  of  potential  varjring  rapidly  from  '1  to 
3'6  volts,  the  extremes  often  oocurrinp  in  five  seconds.  The  experi- 
ments were  now  abandoned  till  midmght,  when  the  electric  cars 
t^ut  down  for  the  night.  At  12.25  a.m.  a  heavy  current  was 
found  between  Coney  Island  and  New  York,  but  no  running  of  cars 
could  be  detected.  Measurements  showed  a  difference  of  potential 
of  4*6  volte.  This  remained  fairly  steady  till  1  a.m.,  when  it  com- 
menced to  fall  gradually.  At  1. 15  the  mirror  showed  equipotential 
at  either  end,  out  the  mirror  still  continued  to  move,  crossiiig 
zero,  and  showing  a  negative  wave  tUl  it  reached  3*5  volte.  It 
then  b^an  to  drop  again,  reaching  equipotential  at  1.40  a.m.,  and 
then  continued  tUl  it  showed  *8  volt,  wnere  it  remained  steady, 
showing  the  earth  at  Coney  Island  had  beoome  normal.  The 
potential  was  checked  every  five  minutes  by  Bronx  river 
circuit  to  make  sure  the  variations  were  not  due  to  local 
causes.  It  is  thus  evident  that  there  is  actual  polarisa- 
tion of  the  ground  for  an  unknown  distance  from  the  rails 
of  the  ^ectnc  road.  If  the  norinal  condition  of  the  ground 
can  thus  be  raised  4*5  volte  bv  a  disturbing  force  at  distance  of  half 
a  mile,  the  dose  proximity  of  the  two  systems,  savs  Mr.  Cuttriss, 
would  certainly  render  the  practical  working  of  the  weaker  one — 
the  cable — almost  an  impossibility.  The  great  difference  in  this 
problem,  over  that  of  equalising  telephone  or  telegraph  oirouite,  is 
m  the  extreme  delicaoy  of  the  receiving  apparatus  and  the  enormous 

electrostetic  capacity  of  long  lengths  of  submarine  cable. 

—  —  —  —  — 

*  Report  of  the  committee,  consisting  of  Dr.  John  Kerr  (chair- 
man). Sir  William  Thomson,  Prof.  RUcker,  and  Mr.  R.  T. 
Glazebrook  (secretary),  appointed  to  co-operate  with  Dr.  Kerr  in 
his  researches  on  efeotro  optics,  read  at  the  British  Association 
meeting* 


24^       THE  £L£l(maCAti  ENGtNS^R,  SEt>T£MBER  19,  iSdO. 


THE 

ELECTRICAL  ENGINEER. 

PabUAhed  every  Friday. 
Priee  Threepenee ;  Post  Free,  Threepenee  Halfpenny. 

Editorial  and  Pabliahlng  Offlees : 
lSd-140,  SAUSBUBT   OOOBT,  FLEBT  STBBBT« 

LONDON.  E.a 


AU  Bi^  Suerved.  Seorekmea  and  Mtmagen  of  Oampames 
are  inimied  to  fumuh  nctiee  of  Medmgs^  Isme  of  Noio 
8hare8t  InsiattaibmSt  CoiUndit  and  any  w^omakon 
conmuUd  vMk  Ehdrieal  Engineering  tohieh  mag  be 
nUereeUng  to  mm  readers.  Imentore  are  informed  OuU 
ang  aeeouni  of  ihek  imoentione  eabnMed  to  ue  wHl 
reoeiee  oar  beet  eoneideraHon. 

Att  eomnrnmaOkne  intended  for  the  SdOor  ehoM  he  addreteed 
G.  H.  W.  BiGCMS,  189-240,  SaUebarg  CouH,  Fhd  Street, 
London,  B.C.  Anongmoue  eonmunieatiane  wiU  not  be 
noHoed. 


Advertieemmite  ehaidd  be  addreteed  to  thePtMieher,  ISO-W, 
SaliOarg  Coart,  Fleet  Street,  B.C.,  and  ehoM  reach  him 
not  taier  than  noon  of  Tkaredag.  Speolal  Temia  for 
a  eeriee  ean  be  arranged  on  ofplicaiion, 

•ITUATIONS  TAOANT**  aad  •VANT  PLAOBB"  AdTtrilit- 
nenti  vffl be ehavged at  THBBB  WOBDBteONB  PBNNT, 
vilh  a  MDHMUH  ehaige  of  aiXPflNOB. 


fO   8UB80BIBBBB. 

"Thb  EiactBiGAL  Enginxir''  eon  be  had,  bg  Order,  from 
ang  Neweageni  in  Town  or  Oountrg,  and  at  the  varioiu 
BaUwag  StaiHone;  or  U  eon,  if  preferred,  be  soffUed 
direct  from  ihe  Office,  on  the  foUowing  terme.*— 


eiQOBtllt 

61.  6d. 

Bi*  8cL 
gft.  8d. 


if 


13fc  Od. 
17s.  4d. 
I9e.  6d. 


Umtod  KinfEdonn ••«•»« •»••••  Si.  3iL  •«• 
Within  the  PoiUl  Union  48.  4d.  ... 
Other  Flaoes 4«.  lOd.      ... 

(Poffe  Pree,  Ptyible  in  Adtinoe.) 

Vhegues,  Poet  Office  and  Poetal  Orders  for  SvAeoripHone 
and  AdvortiaemmUs  shoM  be  made  pagaile  to 
0.  H.  W.  BiG€»,  189^140,  SeUOmg  Omi  Ftoa 
Stred,  London,  and  be  oroned  <*  Union  Bank" 


BOUND  T0LUMB8. 

Fob.  I.,  IL,  IIL,  IV.  and  V.,  new  series,  of  **  Tm  BLBOfBiOAL 
Enouobb*'  ore fiMo ready,  endeoM%be\odbomA  mUtieolot^ 
(^  lettered,  pries  8§.  6d.  Subscribers  ean  hose  iheir  own  eopiet 
bound  for  te.  6d,,  or  ovms  for  6ifidtfi^ocin  be  ahtaiMd,  priee  ts. 

IMPORTANT  NOTICE. 


tFe  may  oceasUmaUy  fcUow  the  lead  of  our  Ameriean  Oontem- 
poraries,  eepeeifdly  when  they  point  out  <a  serviceahU  way.  They 
are  not  badsward  in  oMng  their  friende  todoaU  they  ean  for  ihe 
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GAS  COMPANIBS  AND  BLBGTBIC   U0HTIN6. 

Pimch  is  snpposed  by  the  average  EngliBhrnan  to 
reach  the  acme  of  light  and  feutitastic  literaturei  but 
his  reign  will  be  disputed  now  and  again  by  the  Chu 
Journal.    The  writer  of  '*  Electric  Lighting  Memo- 
randa" therein  is  worthy  of  a  high  niche  in  the 
temple  of  jokists.  Talk  about  the  dull,  unenlightened, 
conservative  Britisher,  this  individual  takes  the  cake. 
He   understands   not  the   simplest   rudiments   of 
business,  yet  talks  as  if  possessed  of  the  experience 
and  acumen  of  all  the  ages.    He  writes  on  electrical 
matters,  while  every  sentence  shows  his  intense 
ignorance  of  the  subject.    He  speaks  of  schemes  as 
commonly  sanctioned  and  approved  by  the  electrical 
industry  which  have  never  been  so  sanctioned  or 
approved,  and  which  have  commended  themselves 
solely  to  the   inventors   thereof.    This  wise   and 
sapient  critic  sets  up  weekly  men  of  straw,  and 
proceeds  to  pummel  and  buffet  them  to  his  heart's 
content.    How  gratified  he  must  be  with  his  lucu- 
brations, though  his  readers  may,  if  they  believe  all 
he  tells  them,  find  they  are  blind  led  by  the  blind 
and  fallen  into  the  ditdi.    As  well  attempt  to  knock 
down  the  fortress  of  Gibraltar  with  cannon  balls 
made  of  dough,  as  effect  any  harm  to  electric  light- 
ing with  the  quips  and  argmnents  put  forth  by  our 
contemporary.     All  local  bodies  that  interest  them- 
selves in  the  progress  of  electricity  are  belaboured 
with  epithets  to  frighten  them  back  into  the  straight 
road  that  useth  gas  and  nought  else.    Every  indivi- 
dual in  a  local  body  who  takes  such  an  interest  is 
dubbed  a  fiaddist,  or  has  it  insinuated  he  is  a  fool,  a 
kind  of  criticism  at  once  bombastic  and  easily  pro- 
duced.   What  is  the  last  amusing  fisature  ?    We  are 
told  that ''  One  seldom  hears  anything  now  of  that 
remarkable  fsA  of  the  scientific  electrician,  who  is 
always  supposed  to  be  so  much  more  advanced  and 
intelligent  a  person  than  the  gas  engineer,  the  tower 
system  of  street  lighting."  It  would  be  instructive  to 
most  English  electricians  to  know  who  the  "  scientific 
electricians  "  in  this  country  are  who  supported  the 
"  tower  system/*  The  "scientific  electrician"  knows* 
too  much  about  the  law  of  inverse  squares,  and  the 
practical   electrician   knows  too   much  about  the 
exigencies  of  street  lighting  to  £gJ1  into  errors  of  this 
description.    Again,  we  are  told  that  the  "  discovery 
of  French  measurement  for  arc  lamps"  was  con« 
temporaneous  with    the  discovery  of  the  "tower 
system,"  with  the  senile  remark  that  we  have  the 
former  "still  with  us,  although  it  is  only  tacitly 
used  by  the  Brush  Company."    What  is  a  "  tacit 
use,"  oh,  worthy  writer?    A  tacit  understanding 
may  pass  muster,  but  a  "tacit  use"  never*    But 
who  discovered  this  wonderful  "French  measure* 
ment,"  and  why  divide  by  four  ? 

Among  this  week's  memoranda!  however^  is  a 
paragraph  commenting  on  a  letter  of  Mr.  William 
Livesey's,  which  treats  of  the  position  gas  oom* 
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need  only  a  modicam  of  knowledge  and  a  keen  sense 
of  esprit  de  corps  in  the  engine-room,  which  could 
hardly  exist  if  a  savage  assault  occurred.  There 
woold  have  been  differences  before  the  final  rapture. 
We  trust,  for  Mr.  Massingbam's  own  sake,  none  of 
our  contempotariee  will  feel  disposed  to  insert  his 
letter  in  extenso.  It  is  unworthy  of  him,  and  no 
answer  to  the  statements  made.  We  are  perfectly 
certain  that  none  of  the  technical  joumale  recognised, 
in  one  of  their  corresp  indents,  an  old  employ^  of 
his,  otherwise  lees  prominooce  would  have  been 
given  to  the  diatribes. 


THE  ELECTROHAGNET.* 


BY  PBOF.   atLVJilWa  p. 

Leckirb  I.- 


-HlBTOBIDAI.   SkBTOB. 


(CouHnvtd  from  paga  223.) 

The  efieot  which  an  eleotrio  current,  floirmg  in  a  wire,  oaii 
eseroi«e  upon  a  neiEhbouring  compau  needla,  wu  diMovered  bj 
Oerated  in  1820.  Thif  first  anflounoement  of  the  poHseaaion  of 
magnetic  propertiee  by  va  electric  oomnt  iru  followed  speedilf 
bj  the  receamhea  of  Ampere,  Ango,  Davy,  and  by  the  devices 


Fios.  1  and  2.— Stwgeon's  Firat  Efeotromagneb. 

of  MTenl  other  experimentera,  including  De  la  Rive's  floating 
b»ttel7  and  ooil,  BchweiggBr's  multiplier,  Cummiog'Bgalvano- 
metsr,  Farada^'B  apparatus  ^or  rototion  of  a  peroianent  magnet, 
Marsh'i  vibrating  pendulum,  and  Barlow's  rotating  Btar-wheel. ' 
But  it  was  not  until  1S25  tbtt'thb  alactromagnet  waa  invented. 
Davj  had,  indeed,  in  1621  surrouniled  with  temporary  coik  of 
wire  the  steel  needles  upon  which  he  waa  eiperiOieiiting,  and 
had  shown  that  the  flow  o£  electricity  around  the  col]  oouM 
confer  magnetic  power  upon  the  steel  needles.  But  from  this 
experiment  it  was  a  grand  fet^'forwatd  to  the  discdvei;  that  a 
oore  of  soft  iron,  aurroimded  by  its  own  appropriate  ooil  of 
copper,  could  be  made  to  act  not  only  as  a  powerful  magnet,  but 
aaa  magnet  whose  power  leould  be  tam^  on  or  off  at  will, 
could  be  augmented  to  any  draired  degree,  and  could  be  set  into 
action  and  controlled  from'apMotically  unlimited  distance. 

The  electromagnet,  io  ithe  torm  which  can  first  claim  raoog- 
nitlon  for  theae  qualitiea,  waa  devised  by  William  Sturgeon,  and 
is  described  by  him  in  the  paper  which  he  contributed  to  the 
Procfdingt  of  the  Society  <tf  Arts  in  1835,  accompanying  a  set 
of  improved  apparatus  for  electronuKnetic  experiments.  The 
Society  of  Arts  rewarded  Sturgeon's  labours  by  awardinj^  him 
the  silver  medal  of  the  society  and  a  premium  of  90  guineas. 
Amongst  this  set  of  apparatus  are  two  electromagnete,  one 
of  horseshoe  shape  (Figs.  1  and  2)  and  one  a  straight  bar 
(Fig.  3).  It  wUl  De  seen  that  the  former  figures  represent  an 
electromagnet  aonslBtias  of  a  bent  iron  rod  about  1ft.  long  and 

()in.  in  dimeter,  varniwi^  over  and  then  coiled  with  a  single 
eft-handed  spiral  of  stout-lmcovered  copper  wire  of  18  turns. 
This  ooil  was  found  appropriate  to  the  particular  battery  which 
Stuivaon  preferred,  nomdy,  a  single  c^  containing  a  spirally 
enrolled  pair  of  zinc  and  copper  plates  of  large  area  (about  130 
square  inches)  immersed  m  aeid ;  which  odi,  having  small 
*  Caatot  Leotuie,  delivered  before  the  Society  of  Arte. 


internal  i 


'hen  connected  t< 
the  copper  wire  were  broa^t  out  sideways  and  bent  dowD  so  as  to 
dip  into  two  doep  connecting  cups,  marked  Z  and  C,  fixed  upxni  s 
wooden  stand.  These  cups,  which  were  of  wood,  served  as 
supports  to  hold  up  the  electromagnet,  and  having  marcury  in 
them  served  also  to  make  good  electrical  connection.  In  Fig-  ^ 
the  magnet  is  seen  sideways,  supporting  a  bar  of  iron,  y.  Tbe 
circuit  was  oompletad  to  the  battery  through  a  connecting 
wire,  d,  which  coidd  be  lifted  out  of  the  cup  Z,  so  breaking 
circuit  when  deeired,  and  allowing  the  weight  to  dmp. 
Sturgeon  added  in  his  explanatory  remarks  that  the  pole*, 
N  and  S,  of  the  magnet  will  be  reversed  if  you  wrap  the  copper 
wire  about  tJie  rod  as  a  right-handed  screw  instead  uf  a  left- 
hauded  one,  or,  more  simply,  byrerersing  the  oonnectiona  tritb 
the  batt^,  by  causing  the  wire  that  dips  into  the  Z  cup  to  dip 
into  the  C  cup,  and  trice  vena.  This  electromagnet  wsb  c^Mible 
of  supporting  01b.  when  thus  excited. 

Fig.  3  shows  another  arrangement  to  fit  < 
stand.  "This  arrangement  communiaat«s  m  „ 
hardened  steel  bars  as  soon  as  they  ore  put  in,  and  renders  soft 
iron  within  it  msgnetic  during  the  time  of  action ;  it  only  difierv 
from  Fip.  1  and  2  in  being  straight,  and  thereby  allows  the 


I  the    aame 


n  bars  to  slide  in  and  out. 


Sturgeon,  as  already  stated,  was  awarded  the  sooietj's  silver 
medal  and  a  premium  of  30  guineas.  The  amMrtstua  waa 
deposited  in  the  museum  of  the  society,  which  there fure 
might  be  supposed  to  be  the  proud  possessor  of  the  first  electro- 
magnet ever  constructed.  a£is,  for  the  vanity  of  human  afliura, 
the  society's  museum  of  apparatus  has  long  been  diapeised,  this 

Priceless  relic  having  been  either  made  over  to  the  now  defunct 
atent  Office  Museum,  or  otherwise  lost  sight  of. 
Sturgeon's  first  eleotronu^et,  the  core  of  which,  weighing 
about  7oz.,  was  able  to  sustain  a  load  of  Olb.,  or  abont  20  tiines 


°c3ECSQnce 


Straight  Bar  Electromagnet. 

truly  remark- 


iiVthe  time  it  woe  wnudarqi 
'Ibi  single  layer  of  stout 


iwdl  adiipt^d  to  tli^^tter^  employed,  a  single'cellof  Storgeon's 
own  particular  oortstmotion,  having  a  suna^  <)[  130  square 
inches,  and  therefore  of  small  internal  resistance.  Subsequently, 
in  the  hands  of  Joule,  the  same  electromagnet  sustained  a  load 
of,  501b.,  or  about  114  tinges  its  own  weigit  Writing  in  1832 
about  his  apparatus  of  1825,  Sturgeon  used  the  following 
magniloquent  language  :  ... 

.  "Whsnfirsbl  sho:ved  thatthemagnetiean^giaiof  agalvoujc 
conducting  wire  are'itiore  conspicuously  exhibited  by. exercising 
them  on  soft  iroaJthan  on  hard  steel,  my  bxpariments  were 
limited  to  small  masses — generally  to  a  few  inches  of  rod  iron 
about  half  an  inch'  in  diameter.  Some  of  Biose  pieces  wore 
enwloy^d  .while  stiqught,  and  others  were  bent^into  the  form  of 
a  horseshoe  magnet,  each  piece  being  encompassed  by  a, 
spiral  conductor  of  ebpper  wire.  The  magnetic  'ener^es  deve- 
loped by  these  single  arrangements  are  of  a  V«iy_  distinguishad 
and  exalted  character,  as  is  conspicuously  manifested  by  the 
suspension  of  a  ctSnsKletHble  weight  at  tiie  poles  during  the 
penod  of  Bscit*tion  by  the  electric  influence. 

"Ah  unparalleled  transiliency  of  magnetic  action  is  also  dis- 
played in  soft  iron  by  an  instantaneous  tiausUion  from  a  state 
of  total  inactivity  to  that  of  vigorous  polarity,  and  also  by  a 
simultaneous  reoiprvcit^  of  poluity  in  the  extremities  of  the 
bar,  versatilities  in 'this  branch  of  physics  for  the  display  of 
which  soft  iron  is  ^tfc-eminently  qualified,  and  which  hj  the 
agency  of  electricity  liecome  demonstrable  with  the  oelenly  of 
thought,  and  illustrated '  ^J  Dxperiinent«  the  most  splendid  in 
inagneticB.  It  is,  moreover,  abundantly  manifested  oy  ample 
experiment^  that  galvanio  eleotrici^  exercises  a  superlative 
degree  of  excitation  on  the  latent  magnetism  of  soft  iron,  and 
soUa  fiar  its  reoondito  powers  with  astoniatungpn>mp(itiid«toui 
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intenaity  of  Mtion  ttr  aurpMBipg  uiythiiw  wbioh  tan  be 
uMNimpIuhBd  by  anj  knovn  application  of  tne  most  vigorous 

fermanent  magnet,  or  by  any  other  mode  of  ezperimenting 
ithertn  diacovared.  It  haa  been  obiarved,  however,  by  azpari- 
menting  on  different  pieces  selected  from  various  sources,  tkat, 
notwithstanding  the  greatest,  care  be  observed  in  preparing 
them  ot  a  nmform  figure'  and  dimensions,  there  appears  a 
Tonaiderable  differepoe  m  the  susceptibility  vhich  they  individu- 
tUy  poueu  of  developing  the  magnet  powers,  much  of  which 
depends  upon  the  manner  of  treatment  at  tl^e  forge,  aa  well  aa 
upon  the  natural  character  of  the  iron  itoelf . 

'  *  The  superlative  intensity  of  eleotroraagneta,  and  the  facility 
md  promptitude  with  which  their  ene^es  can  be  brought  into 
play,  are  (qualifications  admirably  adapted  for  their  introductiui] 
into  a  variety  of  arrangements  in  which  powerful  magnete  a» 
easentially  operate,  and  perform  a  distinguished  part  in  the 
production  of  electromagnetic  rotations,  whilst  the  versatilities 
af  polarity  of  which  they  are  susceptible  are  eminently  calcu- 
lated to  give  a  pleasing  diversity  in  the  exhibition  of  that  highly- 
Qtereating  claas  of  phenomena,  and  lead  to  the  production  of 
>chera  inimitable  by  any  other  means." 


"  It  does  not  appear  that  any  veiy  extensive  experimenta 
were  attempted  to  improve  the  lifting  power  of  electromagnets 
from  the  time  that  my  axperimenta  were  published  in  the  Tratt^ 
vutiunt  of  the  Society  of  Arts,  etc.,  for  1826,  till  the  latter  pari 
A  1828.  Hr.  Watldna,  philosophical  instrunent  maker, 
Chnridg  Cross,  had,  however,  made  them  of  much  larger  size 
than  any  which  I  had  emploj^ed,  but  I  am  not  aware  to  what 
extent  he  pjiisued  the  experiment. 

"In  the  year  1828,  Professor  Moll,  of  Utrecht,  being  on  a 
viait  to  LoDdon,  purdiased  of  Hr.  Watkins  an  electromagnet 
weighing  about  51b. — at  that  time  I  believe  the  largest  which  had 
been  made.  It  was  of  round  iron,  about  lin.  in  diameter,  and 
furnished  with  a  single  copper  wire  twisted  round  it  83  times. 
A'heu  this  magnet  was  excited  by  a  large  galvanic  surface,  it 
tuppDrt«d  about  TSIb.  Professor  Moll  afterwards  prepared 
uiiither  electronagnet,  which,  when  bent,  was  12Jiin.  high,  2^in. 
Id  diameter,  and  weighed  about  261b. ;  prepared  fike  the  former 
with  a  aiiigle  spiral  conducting  wire.  With  an  acting  sslvanic 
■urface  of  11  square  feet,  this  magnet  would  support  15^b. ,  but 
would  not  lift  an  anvil  whidi  weighed  2001b. 

"  The  largest  electromagnet  #hich  I  have  yet  [1832]  exhibited 
b  my  lectures  weighs  about  161b.  It  is  formed  of  a  small  bar 
of  soft  iron,  IJin.  acroea  each'  aide.  The  cross-piece  which  joins 
the  poles  is  from  the  same  rod  of  iron,  and  about  3jin.  long. 
Twenty  aeparate  strands  of  dopper  wire,  each  strand  about  50ft. 
in  lengtfa,  are  coiled  round  tbe  iron  one  above  another  from 
pole  to  pole*,  and  separated  from  each  other  by  intervening 
Due*  of  ailk.  The  first  coil  is'Oilly  the  thickness  of  one  ply  of 
■ilk  from  the  irgn  ;  the  twentieth,  or  outermost,  about  ^in. 
Friim  it.  By  this  means  the  wires  are  completely  insulated  from 
•acta  other  without  the  trouble  of- coverii^  them  with  thread  or 

The  ends  of  wire  frojwt  nl^ut  2ft.  for  the  convenience 
of  connection.  With  one'Qf^nty  small  cylindrical  batteriea, 
exposing  abont  lEiO  square  inches  Itf' total  surface,  this  electro- 
totgnet  supports  4001o.  I  hai'e  tried  it  with  a  laiver  batten, 
bat  in  energJM  do  not  seem  to  be  so  materially  exalted  oa  might 
hai-F  been  expected  by  increasing  the  extent  of  galvanic  surface. 
Much  depends  upon  a  proper  acid  solution ;  good  nitric  or 
niCroos  aoid,  with  about  aiz  or  eight  times  its  quantity  of  water, 
sniwera  very  well.  With  a  new  battery  of  the  above  dimen- 
ui'OB  and  a  strong  aolution  of  salt  and  water,  at  a  temperature 
of  190deg.  F.,  the  electromagnet  supported  between  701b.  and 
801b,,  when  the  first  17  coils  only  were  in  the  circuit.  With 
the  throe  exterior  coils  alone  in  the  circuit,  it  would  just  support 
the  lifter,  or  croas-pieoe.  When  the  temperature  of  the  solu- 
tion was  between  40deg.  and  50deg, ,  the  magnetic  force  excited 
vu  comparatively  ve^  feeble.  With  the  innermoat  coil  alone 
and  a  strong  acid  solution  this  electromagnet  supporta  ab'iut 
1001b.;  with  the  four  outermost  wires  about  SSOlb.  It  improves 
in  power  with  every  additional  coil  until  about  the  twelfth,  but 
nut  perceptibly  any  further  ;  therefore  the  remaining  eight 
cjiils  appear  to  be  uaeless,  although  the  last  three,  independ- 
ently of  the  innermoat  17,  and  at  the  distance  of  half  an  inch 
frum  the  iron,  produce  in  it  a  lifting  power  of  751b. 

"  Mr.  Marsh  has  fitted  up  a  bar  of  iron  much  larger  than 
mine,  with  a' similar  distribution  of  the  conducting  wires  te  that 
devised  and  'eo  successfully  employed  by  Prof,  Henry.  Mr, 
Marsh's  electromagnet  will  support  about  5601b.  when  excited 
b]>  a  tftivnnic  battery  similar  to  mine.  These  two,  I  believe, 
are  the  roost  powerful  etectroroagnets  yet  produced  in  this 

"  A  small  electromagnet  which  I  oIpo  employ  on  the  lecture- 
table,  and  the  manner  of  its  suspension,  is  represented  by  Fig.  4. 
The  magnet  is  of  cylindric  rod  ilnn,  and  weighs  4oi, ;  it«  pules 
are  about  a  quarter  of  an  inch  asunder.  It  la  furnished  with 
Ri  coils  of  wira  in  the  same  manner  as  the  large  electrgmaguet 
before  described,  and  will  support  upwards  of  501b, 


"I  find  a  triangular  gin  very  convenient  for  the  siupenaion 
of  the  magnet  in  these  experiments.  A  stage  of  thin  board, 
Bupporting  two  wooden  dishes,  fast«ned,  at  a  proper  height,  to 
two  of  the  legs  of  the  gin.  Mercury  is  placed  in  these 
vessels,  and  the  dependent  amalgamated  extremities  of  the 
oonduoting  wiiea  dip  into  it — one  inte  each  portion. 


Fill.  4.— Stnift**)"''  Leoture-table  Electromagnet. 

"The  vessels  are  sufficiently  wide  to  admit  of  consideraUe 
motion  of  the  wires  in  the  mercury  without  interrupting  the 
contact,  which  ia  sometimea  occasioned  by_  the  swinging  of  the 
magnet  and  attached  treight.  The  circuit  is  completed  by  other 
wires,  which  connect  the  batt«ry  with  these  two  poriions  of 
mercury.  When  the  weight  is  sppported  as  in  the  figure,  if  an 
interruption  be  made  by  removing  either  of  the  connecting 
wires,  the  weight  ins(aptaneoualy  drops  on  the  table.  The  large 
ma^et  I  auapend  in  the  same  way  on  a  larger  gin.  The  weighta 
which  it  supporta  are  placed  one  after  another  on  a  square 
board,  suspended  t?  means  of  a  cord  at  each  comet  from  a 
hook  in  the  croaa-piece,  which  joins  the  poles  of  the  magnet. 

"  With  a  new  battery  and  a  ac^ution  of  salt  and  water  at  a 
temperature  of  IQOdeg.  F.,  the  small  electromagnet.  Fig.  3, 
supporta  161b." 

{Toh€  confitvusd.) 


NOrES  FOR  A  DISCUSSION  ON  RECENT  DE- 
TERMINATIONS OF  THE  RESISTANCE  OF 
MERCURY.* 

BY  R,  T,  OLiMBROOK. 

We  are  here  to-day  to  discuss  some  of  the  recent  determina- 
tions of  the  yahie  of  the  ohm  when  expressed  as  the  resistanea 
of  a  column  of  mercury,  with  a  view  to  seeing  if  any  action  is 
practicable'  by  which  the  standards  in  general  use  may  be 
Drought  neai^r  to  their  theoretical  value  than 'they  are  at 
present. 

The  time  is  opportune,  for  we  have  the  advanta^  of  having 
in  Leeds  Prof.  Moacart,  of  Paris,  and  Prof.  Rowland,  of 
Baltimore,  under' whose  directions  some  of  the  most  important 
of  the  inveetigatioua  we  are  te  conaider  te-day  have  been  made, 
and  Prof.  Barker,  one  of  the  American  representatives  at  the 
Paris  Congress,  Miireover,  it  seems  probable  that  a  Congress  will 
again  meet  shortly  to  conaider  tnia  queaton,  and  a  prelimi- 
nary discuasion  here  may  be  of  value  in  clearing  the  ground. 

The  question  at  issue  ia  whether  the  results  of  experiment  are 
sufficiently  in  aocord  with  each  other  to  render  it  probable  that 
any  number 'adopted  by  us  would  be  generally  accepted,  and, 
if  so,  to  determine  what  that  number  is. 

The  problem  haa  two  sides.  The  resistance  of  a'  wire  is 
expressed  by  means  of  one  series  of  experiments  in  terms  of  a 
length  and  a  time,  while  by  another  aeriea  of  experiments  it  is 
expressed  in  terms  of  the  resistance  of  mercury,  and  thus  the 
resistance  of  meroury  is  found-  absolutely.  Frequently,  how- 
ever, there  ia  an  intermediate  step  ;  the  resistance  of  the  wire 
is  expressed  in  termsof  some   standard  resistance,   and  this 


who  have  made  absolute  determinations,  and  have  also  com- 
pared tJie  coils  uaitd  t^  them  directly  with  the  resiktenoe  df 
mercury.  In  the  next  four  lines  are  the  reaulte  of  compariaons 
between  the  B.A.U,  and  mercury,  while  in  the  remainder  of 
the  table  are  given  the  results  of  nieaaurunienta,  in  which  the 


*  Paper  r«ad  before  the  British  Association. 


246       THE  ELECTRICAL  ENGINEER,  SEPTEMBER  19,  1890. 


Valux  ow  Ohm  ExrBMUXO  as  thx  RansTAvoE  or  a  Column  or  Mmbcukt, 


1 
2 
3 

4 
6 
6 
7 
8 


9 
10 
II 
12 


ObMTvar. 


Lord  Rayleigh , 
Lord  Bayleigh . 
O.  Wiedemann. 

Maecart 

Rowland    , 

Kohlranaeh  ..., 


Glacebrook    .. 
WniHeumeier 


Sfereoker 

Hutchinson 
Salvioni 


Bate. 


1882 
1883 
1884 
1884 
1887 
1887 
1882  and  88. 
1890 


Mean  .... 
1885 
1888 
1890 


Method. 


Rotating  coil    

Lorenz  method    

Rotation  through  180deg. 

Induced  current 

Mean  of  several  methods 

D)Bunping  of  magnets 

Induced  currents.. 


An  absolute  determination  at\ 
resuBtanoe  was  not  made. 
The  value  '98656  has  been 
used 


Value  of  B.A.U. 
in  ohms. 


Value  of  100  centi- 
metres of  mercury  in 
B.A.U. 


-98651 
•98577 

*986U 
'98644 
-98660 
•96665 

•MAfM 


•98656 


Mean  without  12 


Value  d  ohm  in  oenti 
of 


•95412 


•95374 
•95349 

ffOovS 

•95350 
•96856 


( -95334 
•95352 
•95332  or 
•95404 


•95355 


106-24 
106^21 
106-19 
106-33 
106-32 
106-32 
106-29 
106-27 


106-32 
106-30 
106-33 


106-28 


13 
14 
15 
16 
17 
18 
19 


Observer. 


H.  F.  Weber    .. 
H.  F.  Weber    .. 

Roiti  

Himstedt  

Dom  •• 

Wild  


Date. 


1884 

1884 
1885 
1889 
1883 
1886 


Method. 


Induoed  current 

Rotatingcoil 

Mean  e&ct  of  induced  current 


Damping  of  a  magnet 
Lorens  method     .....  . 


Value  of  B.A.U. 
in  ohms. 


Value  of  100  oenti. 

metres  of  mercury  in 

B.A.U. 


Absolute  measurements  oompared 

^  with  Gferman  silverwire  coils  issued 

by  Siemens  or  Strecker. 


Value  of  ohm 
of 


106-37 
106-16 
105*89 
105-98 
106-24 
106-03 
105-03 


abidlate  resistance  of  a  wire  was  oompared  with  that  of  a  coil 
issued  by  Siemens  or  Stredcer. 

The  methods  employed  to  compare  a  standard  reaiatance  with 
that  of  merouiy  are  lul  Ywy  similar  in  their  nature,  and  the 
experiment  is  not  one  of  yeiy  great  difficolly.  .Accordingly  we 
find  that  the  results  of  the  experiments  are  ftdrly  concordant. 

Oolumn  five  gives  the  values  found  in  B.  A.  units  for  the  resist- 
ance of  a  oolonm  of  meronry  1  metre  long,  1  square  mm.  in 
■eotion  at  Odeg.  C— a  Siemens  unit,  as  it  is  called.  The  values 
found  by  Lora  Rayleigfa  and  M.  Masoart  are  his^er  than  later 
ones.  A  comparison  of  the  values  found  for  the  B.  A.U.  in  ohms 
and  for  the  Siemens  unit  in  B.A.U.  by  M.  Mascart,  leads  to  the 
conclusion  that  pocudbly  his  B.  A.U.  had  changed  a  little  between 
the  time  at  which  it  was  compared  with  the  standards  at  Cam- 
bridge and  the  time  at  wMcfa  it  was  used.  As  to  Lord  Bayleigh's 
value,  the  fact  that  the  ooil  F  was  his  principal  standard,  and 
that  coil  F  has  oertain]|y  ohaqged  relatively  to  the  other  coils  in 
the  last  two  years,  may  help  to  explain  the  difficulty,  but  it  must 
be  remembered  that  F  had  the  same  value  relative^  to  the 
others  in  1888  as  it  had  in  1881,  when  examined  by  Dr.  Fleming. 

The  other  numbers  are  in  close  accord,  except  one  result  of 
Salvioni's,  which  must,  I  think,  be  capable  of  a  simple  expla- 
nation. 

Strecker,  Kohlrausoh,  and  Salvioni  differ  somewhat  from 
Wilkes  and  myself ;  in  consequence,  I  believe,  of  the  fact  that 
they  worked  at  the  temperature  of  the  room,  while  Wilkes  and 
I  worked  at  the  temperature  of  melting  ice.  A  small 
change  in  the  temperature  coefficient  used  by  them  would  easily 
account  for  the  difference. 

Wuilleumeier's  mereuxy  coila  were  the  same  as  those  employed 
by  Mascart,  Benoit,  and  de  Nerville.  We  may  thus  take 
*0536  B.  A.  U.  as  being  very  accurately  the  resistance  of  6  column 
of  merouiy  100  cm.  long  1  square  mm.  in  section. 

But  when  we  enquire  what  are  the  results  which  have  been 
obtained  for  the  value,  in  ohms,  of  the  B.  A.U.,  or  of  the  mercury 
unit,  the  discrepancies  are  considerable. 

Let  us  consider  the  methods.  An  admirable  summary  of 
these  will  be  found  in  Wiedemann's  EketrieUat^  voL  iv.,  p.  910, 
or  in  Mascart  and  Joubert's  Lefons  $ur  VElectrtciU^  ii.,  pp.  581, 
etfio.  Thev  have  also  been  cntioally  discussed  by  Wiedemann 
and  by  Lord  Bayleigh  in  the  Phil.  Mag.,  vol.  xiv.,  1882. 

We  will  take  them  in  order. 

l.-^KirehhojBrt  Method. 

This  has  been   used   by   Weber,  Rowland,  Mascart,  and 
Qlasebrook. 
The  formula  involved  may  be  written — 


The  main  difficulty  is  in  calcnlating  the  value  of  M,  whid 


depends  appro 


on 


if  a  is  the  radius  of  either  coil 


4r  M 


h.JL. 


Where  M  is  the  coefficient  of  induction  between  the  coils, 
T  the  time  of  swing  of  the  galvanometer  needle,  a  the 
deflection  due  to  the  primary  current,  fi  the  throw  due  to  the 
induoed  current,  and  h  a  ratio  either  of  two  galvanometer  con- 
stants or  of  two  resistances— in  the  expresinon  i41  smAll 
corrections  are  omitted. 


and  6  the  distance  between  the  coib. 

Li  the  coils  used  by  myself  the  value  of  a  was  about  25  cm. 
that  of  h  varied  from  12  to  24  cm.  An  error  of  *1  mm.  in  i 
produces  an  error  in  the  result  of  1  in  1,500  to  1  in  2,000.  h 
one  position  of  the  coils,  the  correction  arising  from  the  fac 
that  the  cross-section  of  the  channel  was  of  finite  area  was  lea 
than  1  in  1,000.  There  should,  it  seems  to  me,  be  no  difficulty 
in  finding  M  to  one  or  two  in  10,000.  The  ooUa  used  b] 
Rowland  and  Weber  in  their  earlier  experiments,  and  bj 
Masoart,  were  smaller.  In  his  hut  experiment  in  1883  Webe] 
used  coils  of  32  cm.  radius.  Li  their  later  experimenta  Rowlaiic 
and  Kimball  had  large  coils,  about  50  cm.  in  radius. 

The  various  results  are  : 

Rowland    106-29 

Mascart 106-33 

GUusebrook   106-29 

H.  F.  Weber    106-37 

It  will  be  noticed  that  all  H.  F.  Weber's  results  are  yeay  low 
He  used  aa  his  standard  wire  a  10-Siemens  unit  taken  mm  i 
resistance-box,  not  a  coil  which  had  been  compared  directly 
with  mercury,  and  it  seems  possible  that  a  common  error  il 
tlus  affects  all  his  results,  he  also  used  Luge  magnets.  Thi 
other  mdues  are  in  fair  agreement,  though  we  may  probablj 
agree  with  Lord  Rayleigh  in  thinking  that  the  limit  of  aocuraq 
of  the  method  haa  not  been  reached. 

U.'-Wii>er'$  Method  {!). 
The  approximate  formula  again  ia 

^^2wQg_  4w*Ny    ^ 
Tp  T/S  A* 

Where  O  ia  the  conatant  of  the  galvanometer,  g  the  area  of  th< 
inductor,  and  in  the  aecond  expressior.  a  is  the  radiua  of  tb( 
inductor,  A,  of  die  galvanometer,  N  and  IP  being  the  number  d 
tuma  on  the  two  reapectively. 

Thia  method  waa  zollowed  by  ICaacart,  who  uaed  with  a  coi 
of  15  cm.  diameter  and  a  galvanometer  the  conatant  G,  for  whid 
waa  compared  with  one  of  known  conatant — ^vis.,  the  inductor 
The  time  taken  to  turn  the  inductor  waa  one-fifth  of  the  tiiiH 
of  vibration  of  the  galvanometer  needle. 

There  ia  the  difficulty  of  making  the  axia  vertical  and  th( 
effect  of  the  time  of  duration  of  current  to  conaider. 

My  experimenta  ahow  that  if  the  drouit  be  open  for  om 
aecond«  the  time  of  awing  being  23  aeconda,  then  the  deflection{ 
are  reduced  b^  *1  per  cent.  With  the  circuit  open  for  tw^ 
aeconda  the  eroota  are  marked. 

The  aame  method  haa  been  uaed  hy  Q.  Wiedemann,  who  ia  i^ 
dined  to  think  it  the  beat.  He  employed  coila  of  W.  Weber  aoi 
ZoUner,  one  metre  in  diameter,  which  were  wound  and  meaaure( 
twice.  He  calculated  G  uaing  aa  nJvanometercoil  acounter-paij 
of  the  inductor ;  the  effect  of  we  current  waa  detemiined  14 
meaauring  ^ects  of  a  series  of  impulses  at  proper  momenta. 

The  time  of  turning  the  inductor  was  two  seconds,  whila^tkl 
period  of  the  needle  was  one  minute.     This  would  tend  I 
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ledaoe  /9,  this  to  inoraaae  B,  and  henoe  decrease  length  of 
oolttmn,  which  was  found  by  oompariaon  with  a  Siemens  unit, 
the  same  was  compared  with  mercury. 

Mascart  thinks  difficulties  inspire  with  doubt  the  results  thus 
obtained. 

Experiments  near  the  magnetic  equator  would,  Lord 
Rayleigh  points  out,  decrease  the  effect  of  level  error.  Wiede- 
mann thmks  this  method  is  to  be  recommended  for  fiiuil 
determinationa.  Rowknd  criticises  the  method.  The  results 
obtained  are : 

Mascart 106'37 

Wiedemann  10619 

m. — Method  of  British  Association  Committee, 
R=ir«N«aOcot.  ^ 

The  onjtv  measurement,  apart  from  corrections,  that  of  mean 
radius.  The  corrections,  however,  are  important,  for  the  self- 
induction  of  the  rotating  coil  req^uires  to  be  known,  while  the 
magnetic  field  in  which  the  coil  is  moving  is  modified  by  the 
presence  of  the  magnet  at  its  centre,  so  that  the  msgnetic 
moment  of  this  magnet  has  to  be  determined.  In  oider  to 
reduce  the  amount  of  this  correction,  this  moment  is  made 
small,  and  this  again  leads  to  difficulties.  The  following 
difficultiea  are  urged  by  Wiedemann  : 

(1)  Correction  due  to  self-induction.  (2)  Difficulty  of  level- 
ling. (3)  Want  of  steadiness  from  draughts,  etc.  (4)  Small 
m^pietic  moment. 

£i  reply,  we  may  say  that 

'1)  Can  be  corrected  for. 

\2)  Level  error  common  to  several  methods. 

[3)  Effect  can  be  eliminated  by  experiments  with  open 
circuit. 

(4)  Theory  of  the  correction  veiy  simple ;  a  knowledge  of 
M/H  only  is  reauired.  The  method  was  used  by  Lord  Bayleigh, 
and  by  H.  F.  Weber,  who  used  rotation  about  a  horizontal 
diameter  in  the  magnetic  meridian  to  avoid  the  correction 

M 
depending  on  ^. 

The  results  were : 

Bayleigh  ; 106-24 

Weber  10616 

rV. — Foster  and  Lijppmann. 

R=:2»>O^*oot0NNi. 
A 

A  rotating  coil  is  employed,  but  contact  is  made  only 
at  the  moment  when  the  E.  11 F.  is  a  maximum,  and  E.M.F. 


balanced  by  that  due  to  an  external  current  through 
a  known  resjftanoe.  Observations  have  been  recently 
carried  out  by  Wuilleumeier  by  this  method  with  modi- 
fications. He  used  the  induction  from  a  long  spiral,  MN, 
2  metres  long  30  cm.  diameter,  placed  east  and  west,  wound 
with  wire  2  mm.  in  diameter.  A  coil,  0,  wound  on  a  disc  of 
hard  wood,  20  cm.  in  diameter,  rotates  in  this,  and  the  circuit 
is  doaed  when  the  E.M.F.  in  this  is  a  maximum  ;  the  E.M.F. 
thus  produced  is  balanced  against  that  produced  by  the 
current  in  the  spiral  when  flowing  through  a  resistance, 
R,  the  action  of  the  earth's  magnetism  being  compensated. 
One  point.  A,  of  this  resistance  is  in  contact  with  the  coil 
through  £,  the  other  end  ia  straight,  and  a  movable  contact  is 
established  at  A|,  A^  etc.  Corrections  for  its  ends  were  obtained 
by  shifdnff  the  spiral  coil.  The  resistance  of  R  was  about  '3 
onm^  maoe  of  a  strip  Oerman  silver  of  rectangular  section 
34 -72  metres  long,  1  cm.  broad,  '3  cm.  thick,  immersed  in  naphtha. 
The  frimaiy  current  was  12  amperes.  A  Lippmann  electro- 
meter was  used.  The  E.M.F.  was  nearly  four  volts.  The 
diameter  of  the  rotating  bobbin  was  20  cm.  Hence  an  error  of 
'1  mm.  in  mean  radius  makes  error  of  1  in  1,000.  Formula 
assumes  spiral  uniformly  wound.    Result,  106*267. 

V.  (3).  Method  ofDampifig. 
Beta  magnet  vibrating  within  a  coiL    The  motion  of  the 
magnet  sets  up  currents,  which  react  on  the  magnet  and  damp  it. 
A  relation  can  be  found  between  these  currents,  and  the  rate  of 
damping.    To  a  fint  approximation  this  gives 


2    r         H        X-\, 

G  has  to  be  compared  with  the  constant  of  another  ooil,  beoausa 
of  the  size  of  the  coil.    Let  h  be  the  ratio 

T      A"      \-\ 

Whero  A  is  the  radius  of  the  standard  coil,  N  the  number  of 
its  turns,  a  the  deflection  which  the  magnet  produces  in  GUuss's 
first  position,  when  at  a  distance,  r. 

Further  corrections  are  requiied  for  length  of  magnet,  and 
for  the  uncertainty  as  to  the  distribution  of  its  magnetism  and 
for  self-induction. 

In  the  opinion  of  Lord  Rayleif^h  and  Rowland,  the  final 
ormula  vs  enough  to  show  that  it  cannot  compete  with  tiie 
others. 

Other  difficulties  aro  that  calculation  assumes  the  aro  of  oscilla- 
tions is  small,  G  is  not  independent  of  the  displacement. 

Curronts  aro  set  up  in  we  magnet,  i^bich  affect  its  motion. 
A  correction  is  required  for  temporaxy  induced  magnetisation  by 
action  of  curront,  this  may  be  appreciable.  In  general  thero 
aro  difficulties  in  applying  the  theory. 

The  method  was  used  by  H.  F.  Weber.  His  magnet  was 
8  cm.  long,  his  coil  16  cm.  in  radius,  and  G  was  oalcmated,  a 
uniform  £iitribution  of  ma^etism  being  assumed. 

Dom  introduced  corrections  to  the  theory ;  he  found  G  by 
comparison  with  a  larse  coil,  and  compared  result  with  a 
Siemens  unit,  verified  by  Strecker ;  his  magnet  was  17  cm. 
lonff,  dosely  surrounded  by  a  coil.  Wild  suspended  the  magnel 
bifi£lrly ;  it  was  29  cm.  long,  the  coil  closely  surrounded  it ; 
a  resistance-box  was  used. 

KohlrauBch's  magnet  was  20  cm.  long,  with  brass  ends ; 
his  galvanometer  coil  was  dose  to  it.  G  was  compared  with  a 
large  galvanometer.  Resistance  compared  directly  with  a  tube 
caubrated  by  Strecker. 

The  results  aro : 

H.  F.  Weber  10477 

Dom 106-24 

Wild 106-03 

Kohlrausch 106*32 

VI. — Lorenz  Method. 
R  «  n  M. 

The  main  difficulty  lies  in  the  calculation  of  M.  This  is 
more  easy  than  in  I,  for  the  disc  can  readiljr  be  measured* 

In  Lord  Rayleigh's  apparatus  an  error  m  the  radius  of  coil 
does  not  greatly  affect  the  result.  Further  increase  of  sice 
possible  and  desirable.  The  smallness  of  effeoti  and  thereforo 
of  R,  is  not  fatal.    See  Lord  Rayleigh's  observations. 

Thermo-electric  effects  can  be  compensated  for. 

Results: 

Rayleigh  , 106*24 

Rowland  106*20 

Loronz 106*03 

Lorenz  value  is  too  low  because  of  the  siie  of  the  meroniy 
tubes  used  by  him. 

YIL—BoiH  and  Hvmstedt. 

R»n  M-Ji  =  n4ir«  a«  M?  iL . 
P  LP 

Thero  is  a  difficulty  in  having  many  contacts,  for  if  the  oontact 
does  not  last  all  the  time  supposed,  fi  would  be  too  small,  R  too 
large,  and  the  length  of  column  too  short.  Then  is  also  an 
important  correction  for  the  ends,  and  the  assumption  is  made 
that  the  coils  are  uniformly  wound.  Another  difficulty  is  the 
theory  of  the  galvanometer  under  such  disdiaiges. 

The  resistances  wero  compared  with  Siemens  unit,  and  in 
the  case  of  Roiti  with  one  of  Strecker's  coils. 

The  results  are,  Roiti 105*80 

„        „        Himstedt       105*08 

YDL^CalomeMe  Methods. 
The  results  by  these    methods   cannot   daim    any   great 

Having  thus  completed  the  roview  of  the  methods,  we  must 
look  at  the  results. 

After  what  I  have  said  we  may,  I  think,  roject  all  work  pro- 
vious  to  1882. 

The  results  of  H.  F.  Weber  aro  manifestly  too  low,  while 
serious  doubts  attach  to  the  methods  of  Roiti  and  Himstedt. 
For  Weber's  first  method,  the  early  results  of  W.  Weber  and 
ZoUner  maybe  omitted  compared  with  those  of  G.  Wiede- 
mann, while  the  results  siven  1^  lihe  method  of  damping  will 
be  suffidently  ropresented  by  the  work  of  F.  Kohlrausch,  who 
alone  of  those  used  this  method  compared  the  results  with  the 
resistance  of  merouxy  directly. 

The  experiments  of  Lorona  will  not,  I  think,  stand  licid 
criticism,  while,  unless  I  am  much  mistaken,  Lena^  who  also 
used  this  method,  has  onlv  pubUshed  results. 

We   are  thus   left  with  the  following  list|  indading  the 
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results  only  of  those  who  have  made  both  the  meroary  and 
absolute  determinations : 

Lord  Rayleigh 106*23 

Mascart 106-33 

G.  Wiedemann    10619 

Rowland  106*32 

Kohlrausch  10632 

Glazebrook  106*29 

Wuilleumeier  106*27 

Mean 106*28 

The  mean  of  these  is  106*28. 

If  we  take  for  100  cm.  of  mercury  in  B.A..U.  the  value 
'9535  in  Lord  Rayleigh's  results  for  the  value  of  the  B.A.U. 
in  ohms,  we  get  inst^kd  of  the  values  106*21  and  106*24  the 
values  106*27  and  106*30. 

The  mean,  then,  would  be  106*29.  If  we  include  the  three 
numbers  (9,  10, 11)  of  the  table,  we  get  the  value  106*30. 

It  seems  then,  to  me,  that  the  number  106*30  certainly 
expresses  the  true  value  within  one  or  two  in  10,000,  and  the 
time  has  come  for  carrying  the  conclusions  of  the  Paris  Congress 
one  place  further. 

The  establishment  of  the  new  standardising  laboratory  calls 
for  some  authoritative  expression  of  opinion  here  in  £ngland. 
Are  weprepared  to  express  our  opinion  ? 

In  1886,  the  Standards  Committee  agreed,  on  the  motion  of 
Sir  W.  Thomson,  (1)  to  recommend  for  adoption  for  a  term  of  ten 
years  the  legal  ohm  of  the  Paris  Congress  as  a  legalised  standard 
sufficiently  near  to  the  absolute  ohm  for  commercial  purposes, 
and  (2)  that  at  the  end  of  ten  years  the  legal  ohm  should  be 
defined  to  a  closer  approximation  to  the  absolute  ohm. 

The  Government  took  no  action  on  this  matter,  and  the  oppor- 
tunity is  afforded  us  of  revisine,  not  in  ten  years,  but  in  four, 
our  provisional  suggestion.  Shall  we  replace  the  106  cm.  by 
106*30  cm. 

Fer  my  part  I  should  be  guided  greatly  by  the  amount  of 
acceptance  that  such  a  decision  would  meet  with.  If  Prof. 
Rowland  and  Prof.  Barker,  who  was  with  us  in  1886,  can  tell 
us  that  they  would  agree  in  recommending  the  Government  of 
the  United  States  to  adopt  the  same  view,  and  if  Prof.  Mascart 
thinks  that  such  a  course  would  meet  with  the  approval  of  him- 
self and  his  distinguished  colleagues  in  France,  I  should  be 
heartily  glad  of  it. 

If,  on  the  other  hand,  they  press  for  further  time  in  order 
that  experiments  of  a  higher  degree  of  accuracy,  which  can  no 
doubt  be  attained,  though  probably  at  great  cost,  may  be  carried 
out,  I  should  deprecate  the  committee  coming  to  any  conclusion 
which  might  pledge  them  to  a  number  which  does  not  meet 
with  general  acceptance. 


Disonssxoir* 


Prof.  Itowlaad  (America)  said  as  one  of  the  members  of  the 
United  States  Commission  for  the  determination  of  the  ohm, 
the  matter  was  entrusted  to  him.  The  Commission  consisted  of 
Profs.  Barker,  Trowbridge,  and  himself.  The  experiments  were 
carried  on  at  the  Johns  Hopkins  University,  under  his  superin- 
tendence, with  a  considerable  appropriation  from  the  United  States 
Government.  The  expierimente  had  been  eoing  on  for  many 
years  and  they  had  continued  to  experiment  aown  to  the  present 
time.  Indeedf  the  whole  matter  bad  been  ^one  over  b^  one  of  his 
assooiates,  Dr.  Duncan,  Professor  of  Apphed  Electricity,  and  he 
with  his  students  had  determined,  not  only  the  absolute  unit,  but 
also  had  made  a  complete  determination  of  the  mercury  unit. 
Unfortunately,  he  could  not  bring  figures  as  he  had  been  travellix^ 
for  several  months,  but  they  had  been  gone  into,  as  he  had  said, 
very  carefully,  and  if  he  recollected  rightly  the  number  106*32  had 
been  slightly  diminished.  Prof.  Glai^brook's  criticism,  however, 
had  been  so  exhaustive  that  he  could  add  very  little  with  respect 
to  it.  As  to  which  were  the  best  methods  there  were  very  few  who 
would  dispute  that  the  method  of  Lorenz  was  the  best  for  this 
determination.  They  had  a  very  definite  quantitv  to  measure, 
the  diameter  of  a  revolving  disc  to  measure,  which  was  a  very 
definite  quantity,  and  then,  as  Lord  Rayleigh  had  shown,  the 
determination  could  be  made  so  as  to  almost  entirely  eliminate 
the  radius  effects  of  the  coiL  That  was  the  most  important  feature 
of  the  experiment  because  nothing  was  undetermined  in  the 
experiment  of  the  radius  of  the  coil  of  wire.  They  wound  the  coil 
in  the  p^roove,  but  as  to  where  the  different  wires  were  in  that 
groove  it  was  impossible  to  determine  with  any  very  great  accuracy, 
so  if  they  could  eliminate  this  quantitv  they  could  get  more 
accurate  results — ^that  was,  if  it  existed,  l^erefore  all  experiments 
which  depended  on  the  square  of  that  quantity,  as,  for  instance, 
when  they  had  a  revolving  coil,  had  this  source  of  error,  he 
thought.  In  his  opinion  the  Commission  of  the  United  States 
would  be  perfectlv  willing  to  recommend  the  figpires  so  far  deter- 
mined. Those  who  were  connected  with  the  Commission  would 
recollect  that  the  United  States  never  recommended  to  the  Govern- 
ment any  figures  whatever.  The  106  decided  on  by  the  Paris 
Conference  was  never  accepted  by  the  United  States  even  pro- 
visionally, and  therefore  the  matter  had  been  left  entirely  open  to 
the  present  time,  because  they  felt  that  EngUsh  electricians  would 
come  to  some  figure  of  this  sort.  They  were  now  prepared  in 
America  tq  r^commeqd  tlie   same  figure  based  on  the  result 


there  given,  and  he  miffht  mention  that  the  Superintendent  of  | 
the  Coast  Survey  had  mtimated  to  the  committee  that  he  waa 
willing  to  establish  a  Bureau  of  Electrical  Measurement  nndcr 
the  charge  of  his  department.  He  did  not  suppose  they  wonld 
take  up  nuiny  units,  out  at  least  they  would  take  up  the  unit  of 
resistanoe,  if  they  had  the  sanction  of  the  United  States 
Government. 

Lord  Bayleigli  said  that  it  made  him  feel  very  antiquated  to  eee 
his  name  at  the  head  of  the  list  of  18  determinations  of  the  ohm. 
He  thought  Mr.  Glazebrook  was  quite  right  to  begin  where  be 
did,  because  before  1882  the  results  obtained  were  comparatively 
wide.  At  that  time  discrepancies  of  3  per  cent,  existed.  It  waa  very 
satisfactory  to  find  that  now  the  whole  question  was  narrowed  to  ooe 
in  a  thousand  instead  of  three  in  a  hundred.    Certainly  looking  at 
those  figures,  and  listening  to  Mr.  Glazebrook's  able  exposition  of 
the  methods  followed  by  various  observers,  it  looked  very  much  as  if 
the  numbers  he  (Ld.  Rayleigh)  obtained  for  the  snec  res.  of  mercaiy 
were  a  little  in  error.    That  number  (9541)  was  higher  than  those 
found  bv  recent  progress,  and  the  only  difficulty  be  found  in  ac- 
cepting it  was  that  he  found  the  observations  exceedingly  easy  to 
make,  and  probably  he  was  wrong.    But  still  he  was  not  content 
with  an  agreement  between  the  first  two  or  three  measurementB. 
The  experiments  were  protracted  for  a  considerable  time,  and  con- 
siderable variation  was  used  in  preparing  tubes,  and  the  degrees 
of  concordance  in  the  results  was  very  great.     Certainly  at  the 
time  he  would  have  thought  it  extremely  unlikely  that  any  repeti- 
tion could  have  altered  the  figure  9541  into  9535,  or  whatever 
was  thought  most  probable.    At  the  same  time  anybody  who  had 
had  any  experience  of  that  kind  of  work  must  know  that  unex- 
pected errors  did  creep  in.     Since  the  publication  of  Mr.  Glaze- 
brook's  paper  upon  the  subject,  in  which  to  a  great  extent  the 
same  method  and  even  the  same  apparatus  was  used  as  that  which 
he  (Lord  Rayleigh)  employed,  he  nad  gone  into  the  matter  very 
carefully  in  the  hope  of  perhaps  finding  where  the  difierenoe  lay 
between  them,  but  he  had  been  unable  to  find  any  error  in  the 
work  which  led  him  to  the  higher  number.     The  notes  of  the 
experiments  were  nearly  complete,  and  it  was  as  easy  to  make  the 
calculations  now  as  at  toe  time  of  the  experiments.    He  could  not 
explain  the  discrepancy  unless  there  had  been  a  shifting  in  the 
standard  coils  themselves,  in  comparison  with  which  the  mercury 
tubes  were  observed.     Mr.  Glazebrook  had  ahown  that  if  they 
dis<»urded    that     number    (9541)   and    substituted    for   it  the 
recent    comparisons  of   mercury    with  the  British   Association 
unit,    then    the    absolute    number   that    he    (Lord    Rayleigh) 
obtained    for    the    British    Association    unit   would    lead    to 
very    nearly  the  same    results  for  the  length  of  the  mercury 
column    as    had     been    obtained    by    others.      It    looked   a» 
if  the  general   balance  of  evidence  was  in    favour  of  106*30, 
which  Mr.   Glazebrook  had  taken,  although  he  might  be  sanguine 
in   supposing    that   they  were  confident  of  it  to  two  parts  in 
10,000.      It  was  a  good  many  years  since  he    had  taken  this 
into  account.    He  had  a  distinct  impression  of  functions  which 
would  represent  the  manner  of  divergence.    He  was  not  quite 
sure  whether  he  had  rightly  understood  Mr.  Glazebrook,  in  com- 
menting upon  Lorenz's  work,  to  say  that  he  had  not  taken  account 
of  the  manner  in  which  a  current  would  enter  a  wide  column  of 
mercury  from  a  wire.    At  any  rate  he  must  have  been  quite  on 
his  guard  in  that  matter.      He  (Lord  Rayleigh)  was  sometimes 
inclined  to  think  that  a  little  too  much  importance  was  attached  to 
the  expression  of  the  resistance  of  mercury  absolutely.   Supposing 
that  they  could  be  quite  sure  the  length  of  the  column  of  mercuiy 
was  106*90,  what  use  were  they  to  make  of  the  fact.    An  electri- 
cian in  his  laboratory  did  not  find  it  easy  to  set  up  a  mercury  tube 
and  to  obtain  results  by  that  method.    In  a  factory  it  would  be 
still  more  unlikely  that  mercury  would  be  employed   for  the 
purpose.      Practically,    to    make    use   of     the    determination, 
they    must    have   a    wire.     He    was    inclined    to  think   the 
numbers     expressing     the     British     Association     unit    were 
quite   as    important   as    those    into  which     mercury    entered. 
Mr.  Glazebrook  had  explained  that  a  wire  was  first  expressed  in 
absolute    measure,  and  then  the  comparison  was   oiade  with 
mercury.     It  was  very  important,  no  doubt,  to  nuake  that  com- 
parison for  standard  wires,  but  it  was  really  the  wire  that  was 
wanted  for  practical  purposes,  and  therefore  ne  thought  as  much 
importance  should  be  attached  to  the  fifth  column  of  figures  as  to 
the  last.    The  only  other  thing  that  occurred  to  him  to  say  waa 
that  he  did  not  quite  understand  why  so  very  much  less  import- 
ance was  attached  to  the  determination  of  the  ampere  as  to  the 
determination  of   the  ohm.      They  had  there  a  long  series  of 
determinations  on  the  subject  of  the  ohm.     So  far  as  he  knew  the 
received  ampere  depended  upon  only  two  sets  of  observations, 
those  of  Prof.  Kohlrausch  and  himself.     It  was  true  it  was  more 
difficult  to  define  the  ampere  than  the  ohm,  but  it  was  as  important 
that  it  should  be  defined ;  and  he  would  suggest  to  those  who  still 
felt  inclined  to  experiment  on  the  subject  of  electrical  units,  to 
repeat  the  measurement  of  the  ampere,  feeling  that  that  was 
perhaps  liable  to  greater  uncertainty  than  attached  to  the  ohm. 

Prof.  Barker  (America)  expressed  ereat  gratification  at  the 
reception  they  had  met  with.    He  had  been  struck  with  the  clear- 
ness and  justness  of  the  statements  of  Mr.  Glazebrook  in  regard  to 
the  matter.    It  had  been  placed  before  them  in  ?H|k  a  manner 
that  the  thanks  of  the  section  were  due  to  him.     He  feSl^^^  ^^^ 
occupied  an  anomalous  position  in   regard  to  the  ohm^  ^Vhen 
the  congress  of  1881  determined  to  submit  to  experimentlv^^^' 
mination  in  the  various  countries,  the  work  was  undertall^ 
behalf   of   the    United    States   by  their   committee    under^ 
presidency  of  Prof.  Rowland.    The  work  occupied  some  time  auw. 
was  made  with  a  great  deal  of  care,  in  consequence  it  was  not  > 
completed  when  the  meeting  of  1884  took  place.      They  (the  com- 
mittee) petitioned  for  a  further  postponement  \a  ord^  to  enabU 
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the  rasults  of  Uie  American  experiment  to  be  presented  at  the 
Paris.Congrees.  This,  however,  was  not  dona  As  they  all  knew, 
action  wajb  taken  in  Paris  upon  results  which  did  not  include  the 
American  observations.  Having  no  part  in  it,  therefore  they  should 
be  considered  to  be  entirely  independent  as  to  whether  106, 
which  was  dignified  by  the  name  of  the  legal  ohm.,  although 
it  had  never  been  legalised  in  England  or  America,  should  be  still 
further  legalised  by  England  or  the  United  States,  or  whether 
what  seemed  positive  knowledge  now  should  not  be  Imilised.  As 
Mr.  Glazebrook  said,  it  was  fortunate  that  the  English  Govern- 
ment took  no  action  in  regard  to  the  matter.  He  (the  speaker) 
attended  the  meetings  of  the  committee,  and  he  supposed  the 
pressure  of  having  some  legalised  standard  led  to  the  suggestion 
of  Sir  William  Thomson  that  106  should  be  adopted.  At  that  time 
probably  that  figure  came  up  to  their  knowledge,  but  now  was  an 
opportune  time  to  take  legu  action.  He  seconded  Prof.  Rowland's 
opinion  that  the  United  States  would  be  very  glad  to  adopt  106*3, 
which  the  committee  of  the  British  Association  recommended  for 
adoption  as  the  ohm.  It  [would  be  also  great  satisfaction  if 
Prot.  Mascart  would  secure  simultaneous  action  in  France  in  the 
aame  direction.  They  in  America  were  very  much  indebted  to 
Englishmen  for  the  work  accomplished  here,  more  especially  to 
the  various  committees  of  the  British  Association.  He  might  be 
allowed  to  refer  to  another  matter  scarcely  {germane  to  the  sub- 
ject under  discussion.  It  would  be  remembered  that  at  the  Paris 
Exhibition  of  1881  the  name  of  Weber  was  taken  away  from  the 
unit  of  current  and  the  name  of  Amp^  substitutea,  and  the 
name  of  Coulomb  for  quantity.  At  the  time  he  (the  speaker)  sug- 
gested that  the  Americans  were  entitled  to  some  sort  of  represen- 
tation, and  he  suggested  the  name  of  Franklin  for  one  of  the 
units,  and  this  was  seconded  by  Prof.  Maspart»  This,  however, 
was  not  done,  and  he  wished  to  sav  that  they  would]  support 
England  in  the  matter  of  the  units,  if  it  would  support  them  in 
getting  the  name  of  Franklin  somewhere. 

8tr  WlUlam  Thomson  said  he  was  afraid  he  might  be  held  to 
be  a  partisan  of  106.  He  begged  to  say  that  he  was  not,  and  never 
was.  He  thought  Mr.  Preece  would  bear  him  out  in  that.  They 
fought  hard  for  106*25  at  the  Paris  Congress,  but  the  case  turned 
out  106  or  nothing,  and  for  the  whole  German  scientists  and  instru- 
ment makers  to  be  left  to  the  Siemens  unit.  The  two  brothers 
Siemens,  Werner  and  William,  were  present,  and  they  very  much 
desired  that  a  mercury  unit  should  be  kept,  recommending  and 
■uggeeting  very  good  reasons  for  keeping  it,  reasons  to  which 
Jjord  Rayleigh  alluded.  The  mercury  unit,  then,  was  adopted, 
mad  the  question  was  how  many  centimetres  instead  of  the 
Siemens  100  was  to  be  taken  for  the  new  unit.  Now  it  so  happened 
that  there  were  no  observers  present  (and  there  was  a  consider- 
able number  of  distinguished  men  present  from  Germany  and 
Italy)  but  no  observers  whose  results  went  above  106 ;  the  average 
of  ail  the  results  before  the  congress  came  to  almost  exactly  106. 
He  oiged  that  Lord  Rayleigh^  were  worth  all  the  others  put 
tc^ether,  and  he  believed  that  he  persuaded  the  mass  of  the  con- 
gress to  that  fact,  but  he  could  not  bring  them  to  the  point  of 
voting.  When  four  years  ago  he  proposed  the  10  years*  period, 
and  that  was  carried  oy  the  British  Association,  electricians  did 
not  live  so  fast  as  they  did  now,  and  he  was  only  too  glad  to  see 
that  four  years  had  done  the  work  of  10,  and  he  cordially  agreed 
with  Mr.  Glazebrook,  Prof.  Barker,  and  Prof.  Rowland,  in  feeling 
very  thankful  indeed  that  the  British  Government  did  not  take 
any  action  on  the  resolution  of  the  British  Association  committee 
adopted  four  years  ago.  He  cordially  agreed  in  the  idea  held  now 
by  persons  present  and  many  who  were  absent,  that  now  had  come 
the  time  for  fixing  the  stanaard  at  106*3.  He  thought  that  nearer 
106*4.  The  results  were  more  than  106*2  and  less  than  106*4. 
106*3  was  the  nearest  whole  number  and  was  much  better 
than  106.  It  was  within  one  or  two  parts  in  10,(XX)  of  the  true 
value.  One  word  about  the  British  Association  method.  He  did 
not  know  that  there  would  be  any  proposal  to  go  on  with  any 
more  elaborate  methods,  but  if  any  more  great  experiments  were 
to  be  made,  he  would  just  say  a  word  for  the  British  Association 
method,  that  they  had  not  yet  seen  all  that  it  could  do.  He  spoke 
of  that  very  Question  with  Clerk  Maxwell  about  levelling  and 
sensibility,  ana  it  was  obvious  that  the  right  place  to  oo  the 
experiments  was  the  equator,  and  he  (Clerk  Maxwell)  was  ready 
to  go  there  and  do  it ;  and  he  (Sir  William  Thomson)  believed 
that  if  he  had  been  spared  he  would  have  kept  that  in  view. 
Going  to  the  equator  would  at  once  increase  the  sensibility  in  the 
ratio  of  the  horizontal  force  at  the  equator  to  the  horizontal  force 
there  (in  England).  It  would  absolutely  do  away  with  all  trouble 
in  respect  of  level.  He  hoped  if  any  more  observations  were  made 
the  British  Association  method  would  be  kept  in  view  with  that 
fact  that  results  at  the  equator  would  be  more  accurate  than  it 
was  poBsible  toget  with  observations  made  in  Leeds  or  at  Cambridge, 
where  they  have  been  made.  He  called  attention  to  the  remark- 
able agreement  now  between  the  results  of  several  observations 
obtained  with  such  very  different  methoda.  It  was  quite  surpris- 
ing tofindalloome  so  close  to  106*3  when  they  considered  the 
great  difference  between  the  methods. 

Hr.  Pieeee  said  he  thought  to  a  certain  extent  he  must  accept 
the  responsibility  of  having  advised  Her  Majesty's  Government  to 
decline  to  accept  106  aa  the  iQgal  unit  in  1886,  and  the  reasons 
for  Uiat  course  were  very  poweriul  and  very  numerous.  Any 
chax^e  that  would  have  then  been  made  would  have 
meant  most  serious  expenditure.  The  number  of  apparatus 
of  aU  kinds  adinsted  to  the  British  Association  unit,  not  only  in 
this  country,  ont  in  the  colonies  and  all  over  the  world,  was  so 
eoormons  that  any  change  made  would  have  been  a  nuitter  involv- 
ing a  ooet  of  many  Uiousand  pounds,  and  one  that  would 
certainly  result  in  another  change  within  10  years.  There  was  no 
doubt  it  WO0I4  hi^VQ  beei)  wron^  then ;  on  the  other  hand,  there  wi^ 


equally  no  doubt  that  at  the  present  time  they  would  be  perfectly 
right  in  making  a  change.  After  hearing  what  had  been  said  on 
the  subject  he  would  not  have  the  slightest  hesitation  in  recom- 
mending 106*3  to  the  Institution  with  which  he  was  connected  as 
representing  the  true  ohm.  They  must  remember  that 
although  it  might  not  be  absolutely  accurate,  it  was  as  accurate  aa 
most  measuring  instruments,  in  some  cases  far  superior.  In  reply 
to  Lord  Rayleigh's  question.  Why  they  did  not  measure  the 
ampere  ?  the  measurement  depended  not  only  on  the  accuracy  of 
the  ohm,  but  also  on  an  accurate  knowledge  of  the  measurement 
of  the  volt,  and  when  they  had  the  volt  represented  as  accurately 
as  the  ohm,  then  perhaps  they  might  fall  back  upon  the  ampere. 
At  the  moment  the  only  measurement  of  the  unit  E.M.F.  was  the 
measurement  made  by  Lord  Rayleigh  himself,  and  he  did  not 
think  that  as  accurate  as  the  mean  results  brought  before  them 
Uiat  day.  Although  the  discussion  before  them  took  in  view 
general  electrical  units,  he  did  not  wish  to  raise  any  question 
except  on  that  of  the  ohm,  he  wanted  gentlemen  present  and 
electricians  to  take  into  consideration  at  some  future  day  the 
entire  alteration  of  the  volt.  It  was  a  most  unfortunate  thing 
that  the  volt  was  taken  as  equivalent  to  10^  C.G.S.  unitF. 
This  had  been  done  because  that  particular  volt  and  the  E.M.F. 
of  a  Daniell  cell  were  very  closely  allied.  But  if  the  volt 
had  been  made  10  to  the  power  of  nine,  instead  of  10  to  the 
power  of  eight,  then  the  practical  unit  of  current,  the  ampere, 
would  have  been  exactly  the  same  as  the  unit  C.G.S.  that  was 
noJT  nearly  always  used  in  enouiries,  so  he  felt  quite  sure 
that  the  day  was  not  far  distant  when  all  electricians  would  have 
to  tfUte  into  consideration  the  enlargement  of  the  volt,  and  it 
would  have  the  benefit  of  enlaiging  the  other  units  at  the  same 
time.  To  take  an  instance,  there  was  the  watt.  This  was  too  small 
to  use  as  the  unit  of  power — they  had  to  call  it  the  kilowatt,  and 
because  it  was  callea  that  it  did  not  go  down  so  smoothly  as  if  it 
had  been  called  the  watt.  If  they  raised  the  volt  to  10  to  the 
power  of  nine  they  would  also  raise  the  watt,  then  the  watt 
would  become  very  nearly  a  man-power  and  1th  of  horse-power, 
and  thev  would  obtain  a  unit  of  power  scientifically  accurate,  and 
so  closely  allied  to  existing  units  used  by  engineers  in  general 
that  the  ridiculous  horse-power  would  be  driven  out  of  existence 
and  the  watt  used  inst^d.  With  regard  to  Prof.  Baiker's 
suggestion  as  to  the  name  of  Franklin,  they  all  agreed  that  if  it 
was  possible  to  slip  in  the  name  they  would,  but  it  was  not  the 
only  name  they  wanted  to  slip  in — there  was  Henrv,  which  had 
been  suggested  in  America  as  the  unit  of  self-induction.  He 
could  promise  Mr.  Barker  that  if  any  new  nomenclature  was 
wanted  the  names  of  Franklin  and  Henry  should  receive  con- 
sideration. 


ALTERNATING  VERSUS  CONTINUOUS  CURRENTS 
IN  RELATION  TO  THE  HUMAN  BODY.* 

£T  H.  NKWMAN  LA  WHENCE,  M.I.K.E.,  AND  ARTHUB  HABRIES,  M.D. 

The  present  paper  is  supplementary  to  a  prellmlnarv  pa{>er  on 
the  same  subject  read  before  the  Institution  of  Electrical  Engineers 
on  27th  March,  1890.  In  that  paper  it  was  stated  {Society  ^umal, 
vol.  Ixxxvi.,  1890)  that  "  Our  experiments  have  not  been  made  with 
the  poweriul  currents  dealt  with  in  electric  lighting  and  distribu- 
tion of  power  " ;  and  this  admission,  together  with  the  difficulties 
inseparable  from  the  accurate  measurement  of  alternating-coil 
currents,  are  points  in  connection  with  our  paoer  which  have  given 
rise  to  much  discussion  in  the  electrical  ana  other  journals.  In 
the  present  instance,  however,  we  have  endeavoured  as  far  as 
possiole  to  obviate  criticism  on  these  grounds:  (1)  By  using 
currents  directly  from  lighting  circuits,  TOth  alternating  and  con- 
tinuous. (2)  By  using  currents  directly  from  a  dynamo  whose 
rate  of  alternation  couui  be  accurately  ascertained.  (3)  By  using 
currents  of  high  E.M.F.  (4)  By  using  an  instrument  for  the 
measurement  of  alternating  currents  whose  accuracy  at  the  reading 
of  our  former  paper  was  uieoretieally  questioned^  by  one  or  two 
speakers,  but  wnich  has  since  been  tested  and 'proved  to  giive 
correct  readings  by  an  eminent  practical  electrician  {Society 
JovmcU,  vol.  IxxxvL,  1890),  thus  confirming  the  accuracy  of 
the  readings  formerly  recorded  by  the  instrument,  as  well  aa  those 
which  are  contained  m  our  present  paper. 

Another  practical  point  to  which  special  attention  has  been 
given  in  this  paper  is  that  our  experiments  have  been  made  chiefly 
with  the  skin  in  a  state  of  nature,  so  that  the  conditions  of  experi- 
ment as  nearly  as  possible  resemble  those  which  xnight  be  expected 
to  exist  under  accidental  circumstances — that  is  to  say,  under 
circumstances  when  contact  with  conductors  was  unexpected,  and, 
therefore,  unprovided  for.  With  so  much  brief  preface,  we 
proceed  to  give  in  detail  the  results  of  several  series  of  obBer^'a• 
tions  made  under  the  conditions  explained  at  each  step. 

Besistcmee, 

In  dealing  with  the  resistance  of  the  human  body  many  difficul- 
ties present  themselves,  and  render  it  by  no  means  eai^  to  arrive 
at  definite  data  thereon.  The  complicated  structure  of  the  body 
at  once  prohibits  any  attempt  to  reeardit  as  an  ordinary  inanimate 
conductor.  Several  methoos  have  oeen  tried  or  suggested.  The 
Wheatstone  bridge  method,  which  we  previously  adopted,  was 
shown  to  be  inaccurate  by  Mr.  Otto  T.  Blathy,  in  the  mectrieian 
of  April  25,  1890,  and  the  unsatisfactory  nature  of  comparisons 
made  between  resistance  measurements  taken  with  the  E.M.F.  of 
a  few  battery  ceUs  and  those  likely  to  result  from  the  use  of  an 
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E.BI.F.  raoh  as  ia  common  in  light  and  power  cirooita,  has  been 
pointed  out  by  several  of  our  oritioa.  We  have  therefore  thoueht 
it  beet  to  obtain  onr  reeiatance  measurements  by  passine  the 
current  direct  from  a  lig^ht  circuit  through  two  or  more  bodies  in 
series,  and  then,  by  noting  the  current  strengtii  passed  and  the 
E.M.F.  used  to  pass  it,  to  oaloulate  the  resultant  resistance. 

For  this  purpose  we  used  in  the  first  case  dynamo-generated 
continuous  current  taken  from  the  lamp  leads  at  the  Institute 
of  Medical  Electricity,  which  is  supplied  by  the  St.  James's  and 
Pall  Mall  Electric  Light  Company.  Having  disconnected  a  lamp 
the  voltage  was  tested,  and  found  by  a  Gardew  voltmeter  to  be 
104.  We  then  connected  up  two  metal  electrodes  of  46  square 
centimetres  area  each,  which  could  be  grasped  in  the  hand,  putting 
in  series  therewith  only  a  milUampere-meter  having  766  ohms 
resistance  and  a  key.  Two  persons  Jomed  hands,  and  each  grasped 
one  of  the  electrodes  with  his  free  hand.  Circuit  was  then  com- 
pleted, and  the  reading  taken. 

The  results  are  set  fortii  in  the  following  tables  : 

Tablb  a. — Benttance  to  Oontinuoua  Current. 


Current 

Resistance  of 

Resultant 

Group. 

E.M.F. 

strength  in 

Total 

milliampere- 

resistance 

in  volts. 

milliamperes. 

resistance. 

meter  in 
ohms. 

of  each 
person. 

•1 

104 

7*6 

13,866 

766 

6,666 

•2 

6*76 

18,086 

o,00D 

•3 

7-26 

14,346 

6,796 

•4 

9-26 

11,243 

6,244 

♦6 

9-6 

10,947 

■  A  * 

6,096 

•6 

8*0 

13,000 

6.122 

•7 

10-0 

10,400 

4,822 

Two  persons. 


Average,  6,186  ohms. 


In  the  second  case  we  used  a  dynamo-generated  alternating 
current  taken  from  a  Siemens  dynamo  at  the  School  of  Electrical 
Engineering,  Hanover-square,  which  was  kindly  placed  at  our 
disposal  by  the  managers  (Mr.  Wm.  Lant  Carpenter  and  Mons. 
Leon  Driigman).  The  arrangements  for  connection  were  exactly 
the  same  as  those  described  above  for  the  continuous  current, 
except  that  groups  of  four  and  five  persons  joined  hands,  instead 
of  only  two.  The  same  Cardew  voltmeter,  the  same  milliampere- 
meter,  the  same  electrodes  were  used. 

The  voltage  varied  from  116  to  137>  and  the  alternations  from 
60  to  76  per  second. 

Tabub  B. — RMiatance  to  Altemating  Owrents. 


Group. 

E.M.F* 
in  volts. 

1. 6per8ons 

116 

2.        ,. 

120 

3.        „ 

123 

4.        •, 

124 

6.        „ 

124 

6. 4  persons 

123 

7.        „ 

137 

Current 
strong^  in 
milliampere. 


4 
6 
7 
7 
6 
8 
9-6 


Total 
resistance. 


Resistance 
of  galvano- 
meter. 


28,760 
24,000 
17,671 
17,714 
20,666 
16,376 
14,421 


Resultant 

resistance 

of  each 

person. 


766 

»i 
fi 
»» 
If 
ft 
It 


6,699 
4.649 
3,363 
3,391 
3,982 
3,666 
3,416 


Average,  4,008  ohms. 

These  obeervatUms  show  results  widely  differing  from  those 
obtained  by  other  methods,  and  indicate  that  while  under  these 
conditions  the  resistance  to  the  two  forms  of  current  more  nearlv 
approximate  to  one  another,  yet  that  to  continuous  current  is  stiU 
considerably  greater  than  that  to  altemating.  It  is  intereetinff  to 
note  that  the  average  resistance  to  altemating  current  obtainea  by 
this  method  doselv  corresponds  to  that  obtuned  by  Mr.  Bldthy, 
and  mentioned  in  bis  letter  above  referred  to.  He  makes  from  it 
4,000  to  6.000  ohms,  and  our  results  show  an  average  of  4,Q0B 
ohms.  We  may  state  then,  in  round  figures,  that  we  find  the 
resistance  of  the  human  body,  under  the  conditions  named  to  con- 
tinuous current,  to  be  1  '5  times  that  to  altemating  current. 

We  next  endeavoured  to  find  how  far  variations  of  the  oontaot 
area  would  affect  the  result,  and  obtained  the  following  readings : 

Tablb  C— Variations  in  Current  due  to  Alterations  in  Contact  Area, 

E.M,F  being  Constant, 

(Continuous  dynamo  current  at  104  volts.) 


Total  contact 
area  in  square 
centimetres.* 


Current  strength  in  milliamperes. 


Sub.  1. 


00-0 
46*0 
22-6 
•t9-0 


10-0 
7-25 
6-0 
676 


Sub.  2. 


Sub.  3. 


lOO 
6-26 
4-75 
3-25 


10  0 
7-0 
5-75 
4-0 


Sub.  4. 


Average. 


100 
5-25 


100 
619 
6-5 
4-3 


*  Two  electrodes  each  having  same  area,  one  being  grasped  in 
each  hand. 
f  Electr  d^  hekl  b^  thumb  %ad  finger  only. 


From  this  it  appears  that,  in  round  numbers,  a  radnciion  in 
the  contact  area  of  60  per  cent,  reduces  the  current  strength 
by  40  per  cent.,  a  reduction  in  the  contact  area  of  76  per  cent, 
reduces  the  current  strength  by  46  per  cent.,  and  a  reduction  in 
the  contact  area  of  90  per  cent,  reduces  the  current  strength  by  dO 
per  cent. 

It  is  manifest  that  to  arrive  at  anything  like  a  definite  law  on 
the  subject  a  great  number  of  readings  must  be  taken,  but  we 
think  the  above  results  form  a  useful  indicUion  of  the  important 
bearing  contact  area  has  in  determining  the  seriousness  or 
otherwise  of  accidents  in  light  and  power  circuits. 

Sensation, 

In  this  part  of  our  paper  we  propose  to  compare  the  resalts 
obtained  when  electrodes  connected  respectively  with  dynamo- 
generated  continuous  currents  and  dynamo-generated  altemating 
currents  are  brought  into  and  kept  in  contact  for  an  appreciable 
time  with  the  human  skin  in  a  natural  state — that  is  to  say,  in  the 
state  normal  to  the  person  experimented  upon  at  the  time  of 
testing.  In  order  that  this  series  might  be  complete,  it  might 
possibly  have  been  better  to  give  barometric,  thermometric*  and 
hygrometric  readings,  of  which  we  have  taken  many,  but  these 
data  belong  rather  to  a  complicated  side  issue,  and  do  not  affect 
the  main  question  to  which  this  paper  must  necessarily  be  confined, 
so  we  have  considered  it  best  to  omit  them  altogether,  taking  it 
that  the  subjects  experimented  on  were  in  an  avera^  conditiou  of 
health  at  the  time,  and  that  the  atmospheric  conditions  were  more 
or  less  like  those  to  be  expected  in  a  climate  similar  to  that  of 
England. 

Tne  results  are  tabulated  as  follows : 

TABI4B  D. 

Conditions, — Metal  handle  electrodes  ^ptisped  in  the  hands  (surface 
area  46  sauare  centimetres  each),  m  connection  with  dynamo- 
generatea  continuous  current,  taken  from  lamp  lead  as  before 
mentioned  (Table  A). 

E,M,F,  104  volts  by  Cardew's  voltmeter. 


Subject. 

Discomfort  point. 

Fixation  point. 

1 

Milliamperes. 
18 
16 
20 
22 
16 
20 

not  any. 
not  any. 
not  any. 
not  any. 
not  any. 
not  any. 

2 

3 

4 

6 

6 

Average,  18-3 

In  each  instance  burning  sensation  under  the  electrodes  became 
unbearable  after  about  30  seconds ;  this  was  the  onlv  objectionable 
feature,  though  electrolytic  action  was  sufficiently  marked  to 
induce  slight  blistering  in  two  of  the  cases.  We  have  to  call 
special  attention  to  the  fact  thai  in  no  ease  was  musetUar  Jheatum, 
or  any  sensation  approximating  thereto,  reached  with  the  continuous 
current,  nor  have  we  at  present  any  reason  to  suppose  such  a  result 
possible. 

Tablb  E. 

Conditions, — ^Metal  handle  electrodes  grasped  in  the  hands  (surface 

area  46  square  centimetres  each). 
Altemating  Current  from  Siemens  dynamo. 
.E,M,F,  110  volts,  b^  Cardew's  voltmeter. 
Number  0/  Altemattons  per  Second,  23. 


-- 

Current  strength. 

• 

Discomfort  point. 

Fixation  point. 

1 

2 

Milliamperes. 

3*6 
4-6 
3-6 
4-0 

Milliamperes. 

.3 

7*25 

4 

1  *** 
6*6 

5 

8*6 

7-25 

Average,  3*70 

Average,  7*10 

Table  F. 

Altemating  Current  from  same  dynamo  as  last  table. 
Electrodes  as  last  table. 
E.M,F,  86  volts. 
Alternations  per  Second,  68. 


Subjects  as  before. 


1 
2 
3 

4 
6 


Current  strength. 


Discomfort  point. 


Milliampe 
3-6 
4*6 
3*76 
4*76 


Fixation  point. 


Milliamperes. 
6*0 

8-76 

8-0 

8-76 


4-23   not  reached  at    8*0 


Average,  4*16. 


Avera^,  7*90 
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manafaotnren  of  and  dealers  in  oopper  and  other  metals,  and  all 
metallic  alloys  or  oompoonds  of  the  same,  and  all  goods  and 
articles  made  of  copper  or  other  metsXs  and  alloys  ;  to  carry  on 
the  business  of  supplying  electricity  in  all  its  branches,  and  in 
particular  to  erect  or  acquire  any  works  or  other  structures 
requisite  or  oonvenient  for  the  purposes  of  the  companies,  and  to 
carry  on  the  business  of  electricians,  electrical  contractors,  cdec- 
trical  mechanical  engineers,  and  suppliers  of  electricity,  and  of 
manufacturers  and  dealers  in  all  apparatus  required  for  or  capable 
of  being  used  in  connection  with  the  generation,  distribution, 
supply,  accumulation,  and  employment  of  electricity.  The  first 
subscribers  are :  Shares. 

A.  L.  Broekman,  8,  The  Avenue,  Brondesbury  1 

T.  £.  Marsh,  42,  Reighton-rood,  Clapton 1 

6.  Neath,  88,  Queen-street, 1 

S.  Rentell,  121,  Vassall-raad,  Brixton    1 

J.  Mumford,  50,  Trinity-square,  S.E 1 

J.  Moore,  46,  Norroy-road,  Putney 1 

F.  D.  Bummers,  31,  Berwick-street,  S.W 1 

There  shall  not  be  less  than  three  nor  more  than  nine  Directors ; 
the  first  to  be  appointed  by  the  subscribers  to  the  memorandum  of 
association.  Qualification,  200  shares;  or  stock  of  the  nominal 
value  of  £500.  Remuneration  :  Chairman,  £400 ;  Vice-chairman, 
£300 ;  other  Directors,  £200  each,  together  with  2^  per  cent,  upon 
the  net  profits  made  from  manufacturing,  and  upon  the  revenue 
accruing  from  lioenidng  or  sub-lioeneing  the  Company's  patents, 
and  1  per  cent,  upon  the  net  profits  made  from  sues  of  patents, 
licensee,  or  business,  sudi  commission  to  be  divisible  as  they  may 
think  fit 


PROVISIONAL  PATENTS,  1800. 


SSPTBMBSR  8. 

14077.  Anteomtle  trmaMBllter  for  ratauurlae  eaUwi  or  long 
t^tograph  lines.  Thomas  James  Wilmot,  154,  St.  Vincent- 
street,  Glasgow. 

14090.  Uaprremeaf  to  oil  o—  e^pseially  adapted  ftr  n—  oa 
•ieeftrloal  tortallattaae.  Alfred  James  Jarman,  11, 
Fumival-street,  Holbom,  London. 

Seftbmbkb  9. 

14156.  ImpreTMBMBta  oeBaeeted  wtth  svlMliboMda  Ibr  Uii^ 
pfemdo  eyrtemi.  Harry  Thomas  Ogilvie  Fraser  and 
James  Wallaoe  Brown,  47,  Linooln's-inn-fields,  London. 

14156.  I&iprovameiits  to  eleetrloal  atorm  elotfks  and  waMhea. 

Henry  England,  8,  Quality-court,  London. 

14168.  IBiproveBMBta  to  toda  tor  tha  **^*^«g  of  apUoea  to 
aalMBartoa  aad  otkar  talagraph  aaUea,  rapes,  and  oaMea. 

Frederick  Frasi,  10,  Lai^ton-terrace,  Shooter's  Hill-road, 
Blackheath. 

14181.  Ab  impnwmd  tfaeCrtoal  tog  atgaal  tor  raUwaya,  eto. 
William  Andrews,  116,  Hunger  H&l-road,  Nottingham. 

14182.  ImproremaBto  to  ar  aettaaeted  with  tolepboato  ewltelii- 
tog  apparatoa.  Harry  Thomas  Ojrilvie  Fraser  and  James 
Wallaoe  Brown,  47,  Lmooln's-inn-nelds,  London. 

14186.  Impravemaato  to  elaetrte  awHabea  Charles  Qeorge 
Perkins,  151,  Strand,  London.    (Complete  specification.) 

14191.  iBq^ra^aoMato  ratottog  ta  elaetrte  rallwaya.  Mark 
Wesley  Dewey,  45,  Southampton-buildings,  London. 
(Complete  specification.) 

14193.  ZmproTaaMBto  to  BMaaa  er  apparataa  tor  oaatralltog, 
ragulattog,  or  aatomatleallj  totanmpttog,  and  todtoattog 
tfaatrte  onnaata.  Rudolf  Langhans,  47,  Lincoln's-inn- 
fields,  London. 

14196.  I— pra^aBMttto  to  tonsadewnMit  etoatrtolaaipa.    William 


Robert  Lake,  45,  Southampton-buildings,  London.    (John 
Bleeoker  Tibbite,  United  States.) 

14197.  InipravaBMDto  r«tottog  to  tba  aea  of  aiaotrte  aMtera 
aad  to  tba  regalatton  or  ooatrol  of  maohtoary  oparatad 
tiMrabj.  William  Robert  Lake,  45,  Southampton-build- 
ings, London.  (The  Thomson-Houston  International 
Electric  Clmnpany,  United  States.)  (Complete  specifica- 
tion.) 

14202.  InipravaBMDto  to  apparatus  tor  raoalvtog  payments,  sad 
tor  panaitttog  tbm  vsa  of  tetophoate  apparatus  to  e»- 
tftoyMSu  therafbr.  William  Robert  Lake,  45,  Soutbampton- 
bufldings,  London.    (Paolo  Bonamico,  Italy.) 

14204.  Aa  tom^rorad  elaetrte  mtoers*  satotjr  lamp.  George 
Collins  Levey,  1,  Queen  Victoria-street,  London. 

Skftembkb  10. 

14232.  laiprovaauBta  to  magaatte  etoooito  of  dyBamo-^laatrte 
maatitosry.  Rankin  Kennedy,  10,  Justin-street,  Kilmar- 
nock.   (Complete  specification.) 

14255.  Impro^amaato  toor  ralating  to  tbm  awtliod  of  gauarattog, 
traasnttttog,  startag,  and  dtotrllmttog  etoetrtealeaargy, 
aad  apparatoa  tharator.  William  Lowrie  and  Charles 
James  Hall,  433,  Strand,  London. 

14260.  mproiraaMBto  to  atoatrte  or  auigaatto  earrtor  ifstsias, 
athorwtee  kaowa  aa  pert-atoolrtea.  Herbert  John  Haddan, 
18,  Buckingham-street,  Strand,  London.  (John  Thomas 
Williams,  l^ited  States.)    (Complete  spedfioadon. ) 

14269.  ItoproirsBMato  to  elaetrteal  stgwalltog  apparatoa,  tor 
poltea  sanrtea  aad  tha  Uka.  Robert  Dunbar  Radcliffe,  45, 
Southampton-buildings,  London.    (Complete  specification.) 


SBPTSMBB&  11. 

14313.  Aa  toipravad  Oeetrto  fog  algaal  flar  mllwava.    Robert 

Aldridge,  9,  Oak-oottages,  Bowes-road,  Palmer's  Green. 
14341.  ImpravaBMBto  to  Osatrteal  apparatoa  fte  raprodaolac 

soaad.     Jules   Ernest    Ronles,    47i   Linooln'e-inn-fieldB, 

London. 
14349.  Aa  tovravaoMat  to  atoatrte  OMtsrs.    Siemens  Broihen 

and  Co.,   Limited.  28,  Southampton-buildings,    London. 

(Siemens  and  Hslske,  Qermany.) 
14368.  Aa  aata— ttoatoatrte  Mglrttog asatrtoaaae  tor  alslresess 

Ludwig  August  Thranits,  Temple-chambers,  London. 

SBFTSMBBB12. 

14393.  lamiuisatoato  to  and  aeaaaatad  wito  alaotrtoal  ap- 
paratoa far  reeardtog  tha  prsseass  of  watohaMm,  weifc- 
BMa.  or  others.  William  Lucas  and  Thomas  Alexander 
Qarrett,  128,  Clerkenwell-road,  London. 

14394.  tospraraBMato  to  elaetrte  hsila.  Frederick  Willum 
White  and  Ernest  Frank  Furtado,  4,  Great  Winchester 
street,  London. 

14404.  UapravasMiito  to   alaatrtoal   swttekaa.    Charles   SooU 

Snell,  Culver  Park,  Saltasb,  ComwalL 
14411.  ItopravasMBto  to  asaaadary.  toittsrtos.     Job  ThonuB 

Niblett,  6,  Bream's-buildings,  London. 

Sbftsmber  13. 

14438.  mptavasMato   ratotfag  to  aoto^fkaad   atoatrtoal   ap* 

parataa.      Arthur  Ford    Lloyd,    29,    Clieeterfield-grore, 

East  Dulwioh. 
14469.  toqpravaaiaato  to  etoatria  bsUa  or  aaaadtog  avpamtss. 

Edmund  Edwards,   36,  Southampton-bmldings,   Londoo. 

((Gabriel  B^nard,  France). 
14460.  mprairaaMBto  to  etoetrte  MDa.    Edmund  Edwards,  35, 

Southampton -buildings,  London.  (Gabriel  Benard,  France.) 
14482.  Ab  taipravad  eaaaaetten    fisr  «toetraiters  ar    aiaetrls 

shaadeltera.    Richard  Brown  Evered  and  Thomas  Rad- 

Ung,  45,  Southampton-buildings,  London. 
14484.  Aa  taipravad  oemtoaad  elaetrte  switeh  aad  oottaeetfag 

ar  ooopltog  dartoe.    Richard  Brown  Evered  and  Thomas 

RudUng,  46,  Southampton-buildings,  London. 


SPEOmOATIONS  PUBLISHED. 

1889. 

13168.  Beatrto  laaipa.    MoCandlish.    6d. 

13510.  Stoatrto  laaspa.    Lawrence.    8d. 

15787.  Baaardtog  laatraBMato.    Drake  and  Oorham.    6d. 

16537.  laaototers  tor  atoatrte  wIrasL    Rylands.    8d. 

17387.  Baetrte  SMtars.    Oulton  and  Edmondson.    8d. 

1890. 

7871.  Xtoatrte  slgaal  elraolta.    Hart.    6d. 

8652.  XagBata^tatopbaBasystaBM.    Greene.    8d. 

11025.  Dfaama  stostrte  gaaaratars.     Johnson  (Higham  Patent 

Right  Company).    8d. 
11045.  Prtottog  tetograplis.    Taylor  and  Leavans.    Is.  Id. 


crrr  notes. 


BraaUtoa  Satoaartoa  Mlagrapli  €kwnpany.r— The  reoeipts  for 
the  week  ended  September  12  amounted  to  £4,728. 

Weat  ladta  aad  Paaaam  Wtopcatfli  Oaaipaay.--Tha  estimated 

receipts  for  the  half-month  ended  Sept.  15  are  £3,384,  agaiiut 
£2,(»8. 

IMraot  Spaateh  Oeaqtoay.— The  Directors  reoonunend  the  pay 
ment  of  the  dividend  at  the  rate  of  10  per  cent,  on  the  preference 
shares,  and  at  the  rate  of  6  per  cent,  on  the  ordinary  shares,  for 
the  half-year  ended  June  30  iMt. 

Wsstsn  aad  Iti'sifllsa  Tstograph  Osavaay.  Ltoiitad.— The 
reoeipts  for  the  week  ended  September  12,  alter  deducting  the 
fifth  of  the  gross  reoeipts  payable  to  the  London  Flatino-BiaiilUfl 
Telegn^h  Company,  were  £8,698. 


COMPANIES'  STOCK  AND  SHARE  UST. 
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—  Pref. 

India  Rubber,  Qutta  Percha  k  Telegraph  Co. 
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London  Bleotrio  Supply    
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NOTES. 


Paris  Liffhtliiff. — Some  large  amalgamationB  of  the 
various  electric  lighting  companies  in  Paris  are  expected. 

Klectrio  Cremation. — MM.  Delahaye  and  Bouchet 
have  taken  a  patent  for  an  electric  furnace  for  the  rapid 
incineration  of  human  remains. 

Fire  in  Eleetrio  Werks.-^We  are  desired  by  Messrs. 
Cathcart  andPeto  to  state  that  the  recent  fire  at  their 
Hatton-garden  works  will  in  no  way  interfere  with  their 
business. 

Blectrio  Power  Rates. — In  our  issue  of  August  22 
we  gaye  the  list  of  prices  for  electric  power  adopted  at 
Baltimore.  As  the  question  has  been  asked,  we  may  state 
that  these  rates  are  per  month. 

Alternating  System  in  America. — ^According  to 
the  list  of  the  Westinghouse  Company,  since  1887  they 
have  put  down  301  alternating  current  stations,  with  a  total 
generating  capacity  of  554,350  lamps  of  16  c.p. 

Iidootors* — We  have  received  the  catalogue  of  Messrs. 
HoUlen  and  Brook,  Limited,  of  Salford,  dealing  with 
exhaust  and  live  steam  injector  practice,  and  containing  a 
series  of  self  explanatory  drawings  of  the  latest  types  of 
injectors  with  instructions  for  use. 

German  Eleotrioal  Paper. — ^We  have  received  a 
copy  of  a  new  German  electrical  paper,  the  ElektncUeis 
Zeitung  ("  Electricity  Gazette  ")  of  which  Mr.  Arthur  Wilke, 
until  now  associated  with  the  EleJdroteclmische  Anzeiger^ 
will  take  the  direction  from  October  1. 

Bleotro-EEarmony. — ^The  concerts  of  the  Electro- 
Harmonic  Society  will  recommence  on  the  3rd  October, 
and  will  be  continued  on  November  7th  and  December  8th, 

1890,  and  January  30th,  February  27th,  and  April  10th, 

1891.  They  will  be,  as  before,  held  in  the  Banquet-room, 
St.  James's  Hall  Restaurant. 

Bromley. — ^The  Bromley  Looal  Board  have  raised  an 
objection  to  either  sjmdicates  or  private  speculation  estab- 
lishing the  electric  light  by  means  of  advertising  it  in  the 
town,  and  they  have  unanimously  resolved  to  apply  for 
powers  themselves.  The  clerk  has  been  instructed  to  take 
the  necessary  steps  for  obtaining  a  provisional  order. 

Qniek  Tramoar  Bnildinff. — ^They  do  not  take  long 
to  put  things  through  in  the  street  railway  line  in  America 
nowadays.  We  see  that  the  John  Stephenson  Company 
have  constructed  and  forwarded  six  electric  cars,  with  wire, 
trolley  gear,  and  motors  attached  for  the  street  railway  at 
Elmira,  within  23  days  from  date  of  booking  the  order. 

Holbom  Town  HalL — The  Holborn  Committee  of 
Works  recommended  that  the  electric  light  be  supplied  to 
the  whole  of  the  public  rooms  and  offices  in  the  Town  Hall, 
Holborn.  The  clerk  was  directed  to  communicate  with  the 
Metropolitan  Electric  Supply  Company  to  ask  if  they  were 
prepared  to  supply  the  light,  and,  if  so,  upon  what  terms. 

Frankfort  Sz]ii1iition«— We  are  kept  informed  from 
time  to  time  of  ideas  promulgated  or  plans  projected  for 
rendering  the  Frankfort  Exhibition  more  interesting  and 
representative.  One  of  these  projects  now  determined 
upon  is  that  of  a  captive  balloon  worked  by  electricity,  and 
inflated,  moreover,  by  pure  hydrogen  obtained  electrolyti- 
cally. 

Sactingnisbinff  Fires  by  Beetrieity. — ^In  the  N.Y. 
EUetricai  Engineer  for  September  3,  Mr.  H.  L.  Lufkin  has 
an  article  descriptive  of  a  system  of  extinguishing  fires  by 


electricity,  by  which  the  fire  is  indicated  electrically.  A 
motor  is  started,  water  is  pumped,  and  the  sprinklers  open 
at  the  right  place,  all  automatically  and  by  the  aid  of  the 
electric  currents.  This  system  is  specially  designed  for 
theatres  and  public  buildings. 

Fire  in  tlie  Popp  Oondnits,— On  Thursday  last 
week,  about  seven  in  the  evening,  the  lamps  on  the  Popp 
circuit  in  Paris  suddenly  went  out,  and  opposite  one  of  the 
lamps  a  fire  broke  out  in  the  underground  conduit  in  the 
centre  of  the  loadway,  between  the  Rue  Daunou  and  the 
Bue  des  Capucines.  An  explosion  was  greatly  feared,  but 
fortunately  did  not  take  place,  and  the  workmen  were  able 
to  extinguish  the  fire  and  put  the  mains  in  order  within 
two  hours,  during  which  time  the  street  was  in  darkness. 

Birmingham  Eleetrio  Cars. — ^Electric  cars  are  both 
appreciated  and  the  reverse  in  Birmingham.  Complaints 
are  made  in  the  local  papers  of  several  little  matters 
requiring  attention.  Besides  a  want  of  punctuality,  it  is 
stated  the  drivers  are  too  chary  of  stopping  to  pick  up 
passengers,  even  at  fixed  calling  places ;  that  the  seats  are 
not  kept  dry  outside,  and  that  there  is  no  communication 
between  outside  passengers  and  the  conductor.  These  are 
little  matters  which  are  thought  might  be  attended  to  to 
achieve  thorough  satisfaction  with  the  new  tramway 
service. 

Swansea. — The  Borough  Surveyor  of  Swansea  has 
just  returned  from  a  series  of  visits  to  various  towns  which 
are  lighted  by  electricity,  and  has  presented  his  report  to 
the  Town  Council  Several  tenders  from  electrical  engi- 
neering companies  have  been  received,  and  one  of  these  is 
recommended  for  acceptance.  The  amount  is  £200  over 
that  paid  for  gas,  but  it  is  pointed  out  that  thirteen  times 
the  power  of  illumination  will  be  provided  for  this  sum.  It 
is  proposed  at  first  to  light  only  the  centre  of  the  town, 
and  on  the  success  of  this  will  depend  the  general  adoption 
for  street  lighting  in  Swansea. 

Telegrapli  Diiftonities. — In  the  military  despatches 
on  the  Chin-Lushai  operations,  mention  was  made  of  the 
excellent  work  done  by  the  telegraph  department,  but  the 
civil  officers  engaged  deserve  yet  further  notice,  for  their 
labours  were  of  the  most  trying  kind.  Field  lines  of  a 
length  of  420  miles  were  laid,  the  principal  section  being 
from  Demagiri  to  the  Upper  Koladyne,  104  miles,  and  from 
Pouk  to  the  Boinu  river,  six  miles  west  of  Haka,  192  miles. 
Mr.  K  0.  Walker  laid  the  former  section,  and  the  difficul- 
ties he  had  to  overcome  were  very  great,  the  line  running 
through  a  dense  forest  and  across  a  succession  of  hiUs  from 
2,000ft.  to  5,000ft  in  height.— /ncJion  Engineer. 

Topeka. — ^The  water  power  dam  to  be  built  at  Topeka, 
Kansas,  for  the  distribution  of  electric  light  and  power, 
according  to  Engineering  News^  is  to  be  put  under  construction 
about  October  1st.  It  will  be  built  on  a  concrete  base, 
faced  with  masonry  to  the  water  level,  and  from  there  up 
of  masonry  alone.  It  will  be  771ft.  long,  29ft.  4in.  wide  at 
the  base,  6ft.  wide  at  the  top.  On  the  south  side  a  fiume 
of  masonry  80ft.  wide  and  200ft.  long  will  be  constructed, 
in  which  will  be  placed  the  turbines.  In  the  construction 
of  the  dam  it  is  proposed  to  put  in  six  buttresses,  which 
can  be  used  as  piers  for  a  bridge  if  desired.  The  contracts 
for  the  masonry  and  electrical  and  water  power  machinery 
will  be  let  soon. 

Utilising  Niagara. — ^There  seams  to  be  business  meant 
this  time  about  the  Niagara  scheme  if  we  are  to  believe  the 
reports  just  to  hand.  The  Cataract  Construction  Company 
have  awarded  the  contract  to  Sogers  and  Clementi  promi- 
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nent  New  York  contractors.  The  exact  amount  is  not  known, 
as  the  matter  was  to  be  kept  secret  and  only  leaked 
out  by  being  talked  about  by  unsuccessful  bidders  ;  but  the 
papers,  including  the  bond  of  contractors  for  300,000  dols., 
are  undoubtedly  in  preparation,  and  probably  are  signed 
by  this  tima  The  tunnel  is  a  mile  and  a  half  in  length, 
and  will  be  one  of  the  biggest,  as  it  is  certainly  one  of  the 
most  interesting,  contracts  undertaken.  The  franchise  is 
held  on  the  proviso  that  the  work  is  completed  by  January  1, 
1892. 

Chnroh  Service  by  Telephone. — ^A  new  experiment 
with  the  telephone  is  to  be  made  in  Birmingham  on  Sunday. 
Transmitters  will  be  set  up  in  Christ  Church,  New-street, 
so  that  subscribers  to  the  telephone,  if  they  desire,  can  hear 
the  service  and  the  sermon  at  their  private  residences.  The 
general  manager  of  the  company  has  been  encouraged  to 
make  the  trial  by  the  success  which  attended  a  similar 
scheme  initiated  by  him  eight  years  ago  at  Bradford.  At 
the  end  of  the  choir  stalls,  on  the  top  of  the  lectern  and 
the  reading  desk  of  the  pulpit,  small  metallic-cased  trans- 
mitters will  be  placed,  and  they  will  be  so  regulated  that 
sound  will  be  gathered  in  without  requiring  the  voice  to  be 
directed  in  close  contiguity  upon  the  plate  of  the  trans- 
mitter. 

Leeds  Corporation* — ^At  a  meeting  of  the  Leeds 
Electric  Lighting  Committee  on  Monday,  the  sub-committee 
appointed  by  the  Council  in  July  last  to  obtain  further 
information  as  to  the  system  of  electric  lighting  in  operation 
throughout  the  municipalities  of  the  country  presented  its 
report,  and  after  discussion  it  was  agreed  that  this  should 
bo  submitted  to  the  Council  at  its  next  meeting.  It  will 
be  remembered  that  when  the  Council  received  the  com- 
mittee's recommendation  a  few  months  ago  to  apply  for  a 
provisional  order  to  the  Board  of  Trade  for  powers  to 
institute  an  electric  lighting  scheme,  it  was  thought  desir- 
able that  more  information  should  be  obtained.  This  will 
be  in  the  hands  of  the  Council  in  a  few  days,  and  the 
question  of  whether  the  Corporation  should  undertake  the 
work  or  leave  it  to  private  enterprise  will  again  come  up. 

Eleotrio  Tramoar  Acoldent. — ^A  terrible  accident, 
says  the  Rome  correspondent  of  the  Daily  News,  happened 
on  Tuesday  in  Florence,  and  has  interrupted  the  festivities 
there.  A  car  of  the  new  electric  tramway  between  Florence 
and  Fiesole,  coming  down  hill  at  a  terrific  speed,  ran  ofi  the 
rails,  and  hitting  against  a  wall  was  overturned.  Six 
persons  were  killed  on  the  spot,  and  over  20  wounded.  It 
seems  that  the  accident  was  caused  by  a  mistake  of  an  in- 
experienced driver,  who,  instead  of  closing  the  regulator 
on  coming  down  hill,  increased  the  speed  by  turning  it  the 
wrong  way.  The  driver,  although  badly  hurt,  was  arrested, 
and  the  crowd  has  prevented  all  the  other  oars  from  running. 
As  soon  as  the  King  was  informed  of  the  accident,  he 
hurried  to  the  hospital  to  visit  the  wounded.  Their 
Majesties  have  countermanded  the  gala  representation  at 
the  Pergola  Theatre. 

Alternators. — The  idea  that  the  new  alternator 
devised  by  Prof.  Elihu  Thomson  is  practically  the  same  as 
that  made  by  Mr.  Mordey  three  years  ago,  is  strongly 
demurred  to  by  the  Electrical  JForld,  which  maintains  that 
it  is  far  less  like  the  Thomson  machine  than  several  other 
forms  that  might  be  mentioned,  and  says  :  "  In  the  general 
principle  of  rotating,  a  group  of  poles  of  similar  polarity 
before  another  group  of  opposite  polarity,  the  whole  being 
magnetised  by  a  single  set  of  coils,  it  bears  no  resemblance 
to  the  particular  machines  to  which  our  English  friends 


have  referred.  It  is  a  very  difficult  matter  in  the  present 
state  of  the  art  to  design  a  machine  which  cannot  be 
accused  by  somebody  of  being  remarkably  similar  to  some 
previously  known  form ;  but  it  would  be  difficult  to  find  a 
dynamo  of  any  promise  in  practical  performance  of  which 
this  could  be  said  with  less  truth  than  of  the  machine  in 
question." 

Thomson-Honston  Can  for  Zieedfl, — So  the 
Thomson-Houston  Company  are  intending  to  tackle  the 
question  of  electric  traction  in  England,  after  all,  without 
their  big  company.  At  least,  so  it  appears.  We  see  that 
the  project  which  has  been  before  the  Tramways  Committee 
of  the  Leeds  Corporation  is  that  of  the  Thomson-Houston 
system,  and  a  representative  has  been  explaining  the  ad- 
vantages to  the  worthy  councillors  of  Leeds.  The  local 
press  has  a  large  illustration  of  the  cars,  and  discusses  the 
advisability  of  the  introduction  of  overhead  wires  down  the 
streets;  and  describes  the  arrangement  of  the  cars  and 
gearing.  The  proposal  is  to  lay  dawn  the  plant  within 
three  months  at  the  company's  expense,  and  when  the  ex- 
periment shall  have  been  fully  tested  that  the  Corporation 
shall  have  the  option  of  future  purchase.  If  the  Corpora- 
tion see  fit  to  accept  this  offer,  the  line  will  be  the  first 
overhead  system  for  English  towns.  The  committee  seem 
not  unwilling,  but  the  question  of  unsightliness  or  otherwise 
of  the  poles  and  conductors  is,  as  would  be  expected,  the 
crucial  point  of  the  scheme. 

The  Watkin  Tower, — Nothing  much  has  lately  been 
heard  of  the  proposed'  huge  tower  for  London,  for  which 
designs  were  exhibited  some  months  ago,  and  destined  by 
Sir  Edward  Watkin  to  eclipse  the  far-famed  Eiffel  Tower. 
But  if  we  are  to  believe  the  statement  of  a  London  press 
correspondent,  the  preliminary  details  are  all  settled,  and 
the  capital  is  assured.  The  Watkin  Tower  is  to  be  erected 
at  Wembley  Park,  near  Harrow,  where  an  estate  of  150 
acres  has  been  purchased  by  the  company,  and  a  new  rail- 
way station  is  already  being  built  The  construction  of  the 
tower  is  to  be  begun  early  in  the  new  year  and  to  be 
finished  within  eighteen  months — which,  notwithstanding 
its  greater  size,  will  be  six  months  less  than  that  taken  for 
the  Parisian  tower.  Wembley  Park  is  to  be  laid  out  as 
pleasure  grounds,  with  exhibition  buildings,  concert  hall, 
and  switchback.  Of  course,  if  this  is  so,  we  may  expect  to 
see  the  plans  completed  with  a  very  liberal  display  of 
electric  light,  both  arc  and  incandescent ;  and  intending 
contractors  would  do  well  to  make  enquiries  as  to  the 
proposed  extent  of  this  part  of  the  work,  and  exercise  their 
ingenuity  in  the  best  suggestions  for  what  would  promise 
to  be  under  these  circumstances  an  exceedingly  popular 
resort. 

The  Berrenberg  Vaonnm  Pomp. — ^Lamp  manu- 
facturers were  interested  a  few  months  ago  to  read  of  the 
new  Berrenberg  mechanical  vacuum  pump  devised  for  the 
rapid  exhaustion  of  incandescent  lamps.  A  remarkable 
record  is  given  in  the  Electrical  World  of  a  group  of  six 
52-volt  lamps  of  16  cp.  exhausted  by  this  pump,  which  is 
now,  it  may  be  well  to  mention,  the  property  of  the  Beacon 
Vacuum  Pump  Company,  of  Boston.  The  lamps  tested 
were  burned  three  volts  over  normal  pressure,  with  the 
following  results :  First,  888  hours  j  second,  960  hours ; 
third,  1,182  hours;  fourth,  1,564  hours;  fifth,  1,704 
hours ;  sixth,  2,753  hours.  This  speaks  well  for  the  results 
obtained  by  the  Berrenberg  pump,  as,  without  the  m^Rfbv.. 
periect  vacuum,  lamps  cannot  attain  such  length  of  life, 
especially  when  burned  over  their  normal  voltage.  To  still 
further  illustrate  the  beneficial  effects  of  a  non-mercurial 
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vacuum  on  inoandescent  lamps,  it  ia  stated  that  two  16  c.p. 
lamps  of  52  volts,  exhausted  on  the  Berrenberg  pump, 
were  burned  on  110-volt  circuity  each  lamp  taking  the 
whole  voltage.  The  lamps  developed  750  c.p.  each.  One 
of  them  burned  in  this  way  for  45  minutes,  and  the  other 
actually  lasted  for  1^  hours  before  burning  out  Lamps 
with  ordinary  mercurial  vacuums  under  this  test  burned 
oat  at  once. 

Sleotrlo  Hone  Raolnff.— Those  of  our  readers  who 
are  interested  in  the  electric  horse  racing  apparatus  that 
we  mentioned  some  months  ago,  will  find  more  informa- 
tion about  it  given  in  Ln  Natv/re^  and  a  translation,  with 
the  same  illustration,  is  given  in  the  Scieniific  Ammean  for 
Sept.  6th.  Each  hobby  horse  is  mounted  on  bicycle 
wheels,  the  axles  inclined  to  the  centre,  and  one  only  con- 
nected to  the  electric  motor.  The  motor  is  placed  in  a 
cage  on  the  hind  axle,  and  the  current  is  communicated 
by  connection  to  rollers  through  a  slot  in  the  floor. 
The  speed  of  the  various  horses  on  their  concentric  courses 
is  regulated  by  an  attendant  with  switch  and  resistances  j 
the  mean  speed  is  13ft.  per  second,  and  reaching  up  to 
22ft.  per  second  without  danger  of  derailment.  Betting  is 
often  made  upon  them,  their  running  being  arranged  to  be 
a  matter  of  chance.  They  are  all  started  and  run  at  full 
speed  till  fairly  distributed,  and  then  the  current  is  turned 
off,  and  they  are  allowed  to  run  by  virtue  of  acquired 
velocity,  stopping  successively  on  various  positions  in  the 
course.  The  horse  that  stops  nearest  the  goal,  but  not 
beyond  it^  wins  the  race.  The  success  of  the  course  at 
Nice  last  winter  was  such  that  Mr.  Salle,  the  proprietor, 
intends  to  construct  a  larger  model,  which  will  form  one  of 
the  attractions  of  the  Exposition  of  Science  and  Arts,  to  be 
opened  next  August  at  the  Pahice  of  Industry  in  Paris. 

Omamentlnflr  Brasswork, — Several  years  ago  Mr. 
Alexander  Watt,  in  one  of  his  papers  on  the  electrolysis  of 
metallic  salts,  suggested  an  improvement  in  connection  with 
ornamental  brasswork,  which  consists  in  depositing  copper 
electrolytically  upon  certain  portions  of  the  work,  leaving 
the  remaining  surfaces  of  the  brass  in  the  natural  colour 
of  the  alloy,  the  contrast  between  the  pink-red  hue  of  the 
copper  and  the  yellow  metal  producing  a  very  pleasing 
effect  The  idea  appears  to  have  been  somewhat  exten- 
sively adopted  for  some  classes  of  brasswork,  and  might 
with  advantage  be  applied  to  electric  light  fittings,  as 
electroliers,  brackets,  etc.  Mr.  Watt  informs  us  that  the 
following  formula  will  be  found  useiful  for  a  coppering  bath 
for  brass :  Sulphate  of  copper,  ^Ib. ;  oil  of  vitriol,  ^Ib. ;  and 
water,  one  gallon,  worked  with  a  copper  anode,  using  a 
current  of  four  or  five  amperes.  In  cases  where  it  is 
desired  to  produce  a  brown  or  black  stain  on  certain  parts 
of  a  brass  article,  as  in  scrollwork,  for  example,  this  may 
be  effected  by  brushing  over  such  parts,  after  they  have 
been  electrcH^ppered,  with  a  solution  of  sulphide  of  barium 
(five  grains  to  loz.  of  water),  the  article  being  well  rinsed 
after  the  dedred  effect  is  produced.  The  whole  piece  of  work 
may  finally  be  protected  from  oxidation  by  means  of  a 
colourless  lacquer ;  or,  if  preferred,  such  lacquer  may  be 
applied  to  the  coppered  surfaces  only,  the  brass  parts  being 
treated  with  the  ordinary  lacquer. 

Loading  Storage  Can. — As  the  accumulator  cars 
extend,  one  of  the  principal  problems  to  be  dealt  with  is 
that  of  the  easiest  and  cheapest  way  of  changing  the  ac- 
cumulators. In  the  Barking-road  cars  this  is  done  by 
shifting  the  cars  along  and  pushing  the  cells  in  on 
trays.  In  the  Birmingham  line  a  special  and  well-thought 
put  derive  isadopted  of  an  hydraulic  lilt,  which  raises  the 


various  sets  of  cells  to  the  level  of  the  car  from  a  kind  of 
underground  cupboard,  and  the  cells  are  then  pushed  into  the 
cars.  In  the  Chamberlain  storage  car  system  in  America 
this  lifting  of  the  cells  has  been  arranged  to  be  done  by  a 
series  of  lifts,  all  worked  by  a  small  electric  motor  by  means 
of  belting.  The  cells  are  thus  brought  successively  to  the 
level  of  the  cars,  or  raised  higher  and  automatically  brought 
into  contact  with  the  charging  current.  In  still  another 
case  in  America  (that  of  South  Brooklyn,  carried  out  by 
the  River  and  Bail  Electric  Company),  the  loading  of  the 
cars  is  done  by  trolleys  of  a  special  make.  These  trolleys 
fit  the  tram  lines,  and  can  be  pushed  about  by  the  workmen. 
They  are  fitted  on  top  by  a  sliding  tray,  which  can  be 
shifted  bodily  to  one  side,  like  a  planing  machine,  by  means 
of  a  chain  and  toothed  wheel  with  crank  handle.  On  this 
the  cells  are  placed,  and  the  trolley  run  up  to  the  empty 
tramcar ;  the  crank  handle  is  turned  and  the  whole  tray  of 
cells  is  shifted  bodily  into  the  car.  A  discharged  set  can 
be  pulled  out  in  the  same  way,  and  run  along  into  the 
depdt  to  be  charged  again. 

Eleotrio  Ughtliiff  of  nree  UliraileB. — ^Mr.  W.  H. 
Oreenhough,  public  librarian  at  Beading,  recently  read  a 
paper  on  "  Free  Libraries,"  in  which  he  refers  to  the  use 
and  cost  of  the  electric  light  ''  Our  experiences,"  he  says, 
''  at  Beading  on  this  matter  may  be  of  some  interest.  The 
contract  between  the  Library  Committee  and  the  Beading 
Electric  Lighting  Company  specifies  that  the  sum  of  £80 
per  annum  shall  be  paid  for  supplying  the  current  to  the 
eight  arc  lamps  in  use  in  the  library  and  reading-rooms,  for 
providing  the  necessary  carbons,  and  for  keeping  the 
lamps  in  order.  The  arc  lamps  in  operation  at  Beading 
are  nominally  of  1,200  c.p.  each.  Some  50  to  60  per  cent, 
of  the  illumination  is,  however,  absorbed  by  thick  opal 
globes,  which  are  not  only  necessary  in  order  to  protect 
the  eye  from  the  acute  and  dazzling  rays,  but  also  because, 
by  their  use,  the  light  is  admirably  diffused,  and  heavy 
shadows  prevented.  The  total  illuminating  power  at  the 
library  is,  therefore,  equal  to  about  4,320  candles.  The 
cost  for  the  gas  consumed  in  the  library  and  reading-rooms 
last  year  was  £79  odd,  while  the  total  illuminating  power 
was  equal  to  some  1,360  candles.  The  result  of  our  ex- 
perience at  Beading  with  electric  arc  lighting  demonstrates 
the  fact  that  this  method  undoubtedly  is  excellent  for  the 
purpose  of  illuminating  lofty  rooms,  yet  the  flickering  and 
occasional  failure  of  a  lamp  to  light,  from  one  cause  or 
another,  shows  that  the  system  is  not  perfect."  To  the 
latter  remarks  by  a  critical  user  of  their  light  electrical 
engineers  would  do  well  to  give  a  little  attention. 

Fareham. — ^The  following  details  are  given  of  the 
lighting  of  the  town  of  Fareham,  now  the  third  town  in 
England  publicly  lighted  entirely  by  electric  light  The 
lighting  is  on  the  Thomson-Houston  system,  with  overhead 
conductors,  on  tall  poles  carried  down  the  principal  streets. 
The  two  chief  streets,  with  the  united  length  of  one  mile, 
are  lighted  with  21  Thomson  Houston  arc  lamps  of  1,200 
nominal  candle-power,  or  with  globes  of  about  900  actual 
candle-power.  The  streets  are  everywhere  so  light  that 
good  print  can  be  easily  read  at  any  part  of  them.  The 
other  streets  of  the  town  are  lit  by  incandescent  lamps  of 
20  c.p.  each,  and  by  arrangement  with  the  Local  Board  are 
placed  at  every  point  where  a  gas  lamp  was  situated.  For 
the  public  lighting  about  12  miles  of  wire,  insulated  with 
okonite,  are  used.  A  further  set  of  wires  will  shortly  be 
run  for  the  purpose  of  private  lighting.  The  central  station 
is  a  long  building  of  brick,  with  the  part  containing  the 
dynamos  matchboarded,  in  order  to  keep  out  damp.    It 


258       THE  ELECTRICAL  ENGINEER,  SEPTEMBER  26,  1890. 


containB  at  present  one  engine  and  boiler  and  two  dynam< 
one  for  the  arc  lights  and  one  for  the  incandescent  The 
installation  has  been  carried  out  by  Messrs.  Laing,  Wharton, 
and  Down,  the  boiler  and  engine  being  furnished  by  Messrs. 
Baniomes,  Sims,  and  Jefferies,  of  Ipswich.  The  light  was 
first  publicly  displayed  on  September  1,  and  has  been 
running  every  night  since.  Three  or  four  interruptions, 
at  first  experienced  due  to  slipping  of  the  belt  and  heating 
of  bearings  of  the  new  machinery,  have  now  been  over- 
come, and  both  machinery  and  lamps  work  beautifully. 
The  lamps,  it  is  said,  form  quite  an  attraction  each  night  to 
the  conntxy  round,  parties  being  made  up  to  come  in  and 
see  the  lighting  of  the  streets  of  Fareham.  The  company 
have  entered  into  an  agreement  with  the  local  authorities 
to  light  the  town  for  three  years  for  £500  a  year,  and  give 
an  average  of  eight  hours'  light  every  night  all  the  year 
round. 

Inoandasoent  lAinps  of  Higli  SAoienoy. — Some 
time  ago  we  mentioned  the  trials  that  were  reported  upon  an 
incandescent  lamp  taking  only  half  a  watt  per  candle-power. 
We  believe  that  experiments  were  carried  out  at  this 
efficiency,  and  though  five  or  six  hundred  hours  was  attained, 
yet  the  desideratum  of  1,000  hours'  life  was  not  achieved. 
Other  trials  are  now,  we  are  told,  in  progress  near  London 
with  one  watt  per  candle-power  with  greater  show  of 
progress,  and  we  are  promised  detailed  reports  at  a  future 
date.  Meanwhile,  the  following  account  will  show  what  the 
American  lampmakers  are  doing  in  the  same  direction. 
"  An  extraordinary  advance,"  says  the  account,  "  is  claimed 
for  a  new  lamp,  which  will  shortly  be  placed  upon  the 
market,  and  which  is  now  being  tested  for  the  inventors  by 
the  National  Engineering  Bureau,  of  Chicago.  A  life  test 
has  been  commenced  of  the  new  lamp,  which,  it  is  stated, 
absorbs  in  no  instance  more  than  two  watts  per  candle  in 
the  small  sizes,  the  larger  sizes  being  even  more  efficient. 
A  300-c.p.lamphasbeen  burning  with  anefficiency  of  1}  watts 
per  candle,  which  brings  it  into  direct  comparison  with  arc 
lamps  for  efficiency.  Commercially  successful  lamps  of  200 
volts  can  be  made.  A  comparative  test  is  now  progressing 
on  a  50-volt  circuit,  and  the  statement  is  made  that  this 
new  lamp  is  only  using  nine-tenths  of  an  ampere,  whilst 
the  least  amount  of  current  absorbed  by  any  of  the  others 
is  r06  amperes,  the  candle-power  measured  on  the  photo- 
meter being  the  same  in  all  cases.  The  lamps  on  this  test 
have  now  been  running  200  hours  without  the  slightest 
depreciation  in  the  appearance  of  the  new  lamp.  In  taking 
the  readings  three  different  styles  of  ammeters  and  volt- 
meters are  employed,  and  the  readings  are  noted  by  the 
managing  engineers  of  the  bureau  and  several  responsible 
college  professors.  It  is  needless  to  say  that  if  these  lamps 
fulfil  in  practice  the  claims  which  are  made  for  them,  they 
will  work  many  changes  in  the  present  methods  of  distribu- 
tion of  incandescent  lighting."  It  will  be  seen  from  these 
various  reports  that  attempts  are  being  made  to  increase  the 
efficiency  of  the  distribution  at  the  actual  point  of  distribu- 
tion, which,  as  far  as  may  be  judged,  seem  to  promise  a  sub- 
stantial increase  in  output  of  light  for  the  same  original 
energy.    It  is  to  be  hoped  the  promises  will  be  fulfilled. 

The  Bleetrioal  Prodnotion  of  Canstlo  Soda. — 

The  principal  chemicals  used  by  paper  manufacturers  are 
caustic  soda  and  chloride  of  lime,  or  bleaching  jtowder,  and 
these  two  substances  constitute  items  of  considerable 
expense  in  paper  mills.  For  some  time  past  it  has  been 
hoped  that  these  two  chemicals  would  be  obtained  directly 
and  economically  from  common  salt  by  the  aid  of  electricity. 
Many  attempts,  says  the  Tirnes^  have  been  made  in  the  past 


to  effect  this  object,  but  we  believe  they  have  all  ended  in 
failure.  This  has  probably  been  due  to  one  or  the  other  of 
two  causes — namely,  either  a  deficient  knowledge  of  the 
laws  regulating  electric  currents  or  badly-constructed  tanks 
and  apparatus  for  effecting  the  decomposition  economically. 
The  practice  has  been  to  separate  the  products  of  electro- 
lysis by  porous  plates  or  diaphragms,  which  offer  consider- 
able resistance  to  the  passage  of  electricity,  and  add  to  the 
general  cost  of  useful  work  done,  and  are  in  other 
respects  objectionable.  At  length,  however,  it  would  appear 
that  caustic  soda  and  bleaching  powder  can  be^  and  indeed 
are,  being  practically  and  economically  produced  from 
common  salt  by  the  aid  of  an  electric  current.  This  desir- 
able end  has  been  attained  by  Mr.  James  C.  Bichardson, 
of  23,  Glaremont^quare,  London,  whose  process  has  been 
in  operation  on  a  working  scale  for  several  months  past  at 
one  of  the  largest  paper  mills  in  the  kingdom.  The  whole 
apparatus  is  automatic,  the  salt  solution  passing  regularly 
and  the  caustic  soda  being  drawn  off  at  any  strength  up  to 
10  or  12  per  cent,  pure  caustic  soda.  The  chlorine,  which 
can  also  be  used  direct  for  bleaching,  is  absorbed  by  slaked 
lime,  and  bleaching  powder  is  thus  produced.  We  are  not 
at  present  at  liberty  to  give  any  details  respecting  this 
process,  but  we  may  mention  that  it  is  not  simply  a  method 
of  producing  a  bleaching  solution  by  electrolysing  salt,  but 
a  commercial  process  of  producing  these  two  important 
chemicals.  The  porous  partitions  are  altogether  dispensed 
with  in  Mr.  fiichardson's  apparatus,  and  in  other  respects 
it  differs  materially  bom  that  employed  in  previous 
attempts  to  effect  the  same  object.  It  is  stated  that  the 
cost^  both  electrically  and  commercially,  ia  much  below  that 
of  the  ordinary  Leblanc  process  of  alkaK  manufacture,  and 
that  at  least  three  times  the  amount  of  chlorine  is  available 
from  each  ton  of  salt  decomposed  as  against  that  process. 
Thus  a  larger  quantity  of  bleaching  powder  is  produced, 
and  the  purity  of  the  caustic  soda  ranges  very  high.  The 
erection  of  enlarged  plant  is  being  proceeded  with  at  the 
works  where  it  is  already  in  operation,  and  the  adoption  of 
plant  is  contemplated  at  the  works  of  a  few  other  leading 
paper  manufacturers. 

Tho  Speotro-Lahtem. — ^A  year  or  so  ago  mention 
was  made  of  a  novel  and  ingenious  invention  in  optical 
telegraphy  by  Paul  La  Cour,  of  Denmark.  The  apparatus 
obtained  a  first-class  medal  at  the  Copenhagen  exhibition, 
and  at  the  time  attracted  considerable  attention  among 
scientific  and  practical  circles.  It  has  recently  been  per- 
fected for  actual  working,  and  is  made  in  lantern  form  by 
Messrs.  Th.  A.  de  Neergaard  and  Co.,  of  Cophenhageu, 
under  the  name  of  the  spectro-lantem,  and  is  worthy  of 
serious  attention  by  those  who  deal  in  telegraphic 
and  maritime  matters.  The  apparatus  is  intended 
to  render  practical  a  method  of  telegraphing  direct 
by  light  in  Morse  signals.  It  depends  for  its  action 
upon  the  fact  that  white  lights  consisting  of  the  colours  of 
the  rainbow,  can  be  cut  up  by  prisms  in  a  lantern  into 
these  colours,  forming  the  well-known  bands  of  the  spectrum. 
By  a  suitable  and  carefully-arranged  S3rstem  of  screens  and 
prisms  these  luminous  spectrum  bands  can  be  given  a 
certain  form,  which  may  be  made  to  correspond  with  the 
long  and  short  dashes  of  the  Morse  code.  When, 
therefore,  the  light  from  the  lighthouse  lantern  is 
observed  from  a  distance  through  a  telescope  fitted 
with  a  prism,  the  light  appears  to  consist  of  these 
signals,  and  can  be  so  read  by  an  experienced 
Morse  operator.  For  the  sending  of  a  connected  telegram 
a  movable  disc  is  passed  in  front  of  the  lantern,  this  disc 
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being  provided  with  openings  corresponding  to  the  letters 
of  the  telegram,  which  are  thus  read  off  on  the  telescope 
as  Morse  characters.  The  spectro-signalling  lantern  is 
intended  for  use  between  different  vessels  on  the  one  hand, 
and  between  ships  and  the  shore  on  the  other.  It  is 
already  used  experimentally  in  the  Danish  marine,  and  is 
nude  to  give  four  distinct  signs,  which  correspond  to  the 
flag  signals  of  the  International  Code,  which  can  also  be 
employed  at  night  time.  A  different  kind  of  lantern  to  the 
above  is  the  lantern  having  a  strongly  coloured  light  suitable 
for  harbour  lights  and  on  board  ships.  By  placing  the  lantern 
in  various  positions,  the  various  colours  of  the  rainbow  can 
be  seen,  and  this  light  is  easily  distinguishable  from  the 
usual  red,  green,  and  white  lights.  The  telescope  for  this 
form  of  lamp  is,  of  course,  not  needed.  A  lantern  of  this 
type  has  now  been  in  use  for  nearly  a  year  at  the  principal 
entrance  to  the  port  of  Aarhus,  in  Denmark,  and  excellent 
testimonials  have  been  given  as  to  its  advantages.  When 
the  spectro-lantern  is  fully  developed  it  may  be  expected  to 
come  into  extensive  use.  It  requires  no  clockwork,  rotatory 
glasses,  and  similar  costly  and  breakable  apparatus  which 
easily  get  out  of  order,  but  consists  of  only  a  lamp  and 
strongly  fixed  glasses, 

Sdiflon's  MolMiilar    Elaotrlo   Generator.— The 
boiler-engine  combination  is  the  bugbear  of  electrical  en- 
gineers.   If  they  could  do  without  it  they  would  be  happy. 
It  is  an  unstable  kind  of  servant,  requiring  constant  atten- 
tion, and  wasteful  to  a  degree.    While  the  dynamo  yields 
80  or  90  per  cent,  of  the  theoretical  energy,  the  engine  and 
boiler  efficiency  remains  at  some  10  per  cent.  only.    Elec- 
tricity from  heat,  therefore,  is  the  goal  that  progressive 
electricians  look  for,  not  without  misgivings  as  to  whether 
it  will  ever  get  beyond  the  experimental  or  research  stage 
in  the  dajrs  of  their  own  lives.    Thermopiles  they  have 
seen  tried,  but  as  yet  not  much  seems  to  come  from  that 
direction.    Edison,  we  are  told,  has  determined  to  solve  the 
question,  "  if  it  takes  me  five  years  of  my  life."    Well, 
something  has  evolved  from  this  study,  and  we  are  given  a 
new — an  entirely  novel — ^kind  of  electric  generator,  which, 
if  it  does  not  generate  electricity  direct  from  heat,  at  any 
rate,  so  far  as  it  goes,  does  away  with  the  boiler  and  engine 
combination,  and  may  therefore  be  said  to  generate  direct. 
It  is  not  difficult  to  understand  the  action  of  this  new 
generator.  It  depends  on  a  few  plain  principles,  as  follows : 
(1)  That  the  resistance  of  air  to  magnetic  lines  is  1,200 
times  that  of  iron  i  (2)  from  this  the  well-known  fact  that 
it  is  far  more  difficult  to  separate  faces  of  iron  in  contact 
than  at  the  distance  even  of  the  thickness  of  a  sheet  of 
paper ;  (3)  that  this  difficulty  is  due  to  a  difference  of  the 
number  of  lines  of  force  able  to  pass ;  (4)  and  that  as 
electric  currents  are  generated  by  the  alteration  of  the 
number  of  lines  of  force  passing  through  coils,  then  (5)  the 
forcible  separation  of  magnetic  surfaces  by  the  fraction  of 
an  inch  wUl  generate  electric  currents  in  surrounding  coils ; 
and,  lastly  (6)|  as  this  separation  is  so  small,  it  can  be 
brought  about  by  that  strongest  of  all  forces — molecular 
expansion  and  contraction,  caused  directly  by  the  heat  of  a 
furnace  acting  upon  iron  bars.  The  new  molecular  generator 
consists,  then,  in  the  application  of  bars  of  iron,  each 
attached  to  one  part  of  a  magnetic  circuit ;  and  these  ban, 
when  alternately  expanded  and  contracted    in    suitable 
manner,  shall  forcibly  break  the  magnetic  circuit,  and,  in 
this  way,  generate  electric  currents.    The  touching  of  the 
surfaces  causes  the  lines  of  force  to  travel  almost  entirely 
through  the  iron,  while  the  separation  of  the  surfaces,  even 
to  the  slightest  extent,  causes  the  lines  of  force  to  strikQ 


out  through  the  surrounding  coils,  and  so  induce  currents 
in  these  coils.  Direct  currents  can  be  obtained  by  arrang- 
ing suitable  commutators;  and  liquids  can  be  used  in 
pistons  as  expansible  material  if  desired.  The  idea  involved 
is  ingenious,  and  the  method  of  generating  direct  from 
molecular  expansion  is  pretty ;  but  whether  the  system  is 
destined  to  play  any  practical  part  in  the  abolition  of  the 
boiler-engine  combination  that  we  all  desire,  is  not  at 
present  by  any  means  clear. 

Maintaining  the  Popnlarlty  of  Omu— Before  the 
members  of  the  Eastern  Counties  Gas  Managers'  Associa- 
tion, Mr.  James  Lee,  of  St.  Leonards-on-Sea,  read  a  paper 
upon  the  above  vital  subject  to  gas  companies,  which  hardly 
needed  the  apology  he  made  for  discussing  it  When 
Murdoch,  in  1792,  first  lighted  his  office  at  Redruth  wilh 
gas,  the  inventor  little  thought  of  the  wonderful  importance 
to-day  of  the  trade,  Eays  Mr.  Lee,  and  rightly  says ;  but 
what  gas  managers  seem  to  forget  is  that  the  same  pro- 
gress is  growing  to-day  with  the  Swan  lamp,  and  far  faster 
than  Murdoch's  flame  grew.  Not  that  the  reader  of  the 
paper  was  unwilling  to  deal  with  the  rivalry  of  electric  light. 
In  spite  of  their  antagonism  expressed  or  understood,  the 
silence  upon  the  subject,  which  was  once  deemed  all  that  was 
necessary,  is  now  changed  to  the  devotion  of  half  the  space 
of  both  paper  and  discussion  on  the  **  popularity  of  gas"  to 
the  progress  of  electric  lighting.  Bath  has  40  miles  of  cable 
laid;  Dublin  are  about  to  spend  £50,000  on  a  central 
station ;  Lewes  Town  Council,  unless  they  come  to  terms 
with  the  gas  company,  are  considering  the  offer  of  the 
Oulcher  Company  to  install  a  plant  before  Christmas ;  and 
Hastings  Pavilion  has  had  its  300  gas-jets  displaced  during 
the  last  month — all  of  which  **  must  give  us  pause,"  thinks 
Mr.  Lee.  "  It  has  been  stated,"  he  says,  "  again  and  again 
that  the  difference  in  cost  between  electricity  and  gas  is  so 
great  that  we  need  have  no  fear.  But  let  every  gas  manager 
bestir  himself ;  for  we  shall,  in  a  very  short  time,  see  thati 
though  this  rival  is  but  in  its  infancy,  it  is  fast  growing  in 
strength  and  popularity."  So  in  order  to  keep  up  the 
popularity  of  gas  he  proposes  to  do  away  with  the  charges 
for  fixing  meters,  urges  managers  to  consider  the  third-class 
persons  and  help  them  with  their  fittings,  and  apply  the  pre- 
payment or  penny-in-the-slot  principle  as  in  practice  used 
at  Bamsgate  and  is  now  being  introduced  in  Birming- 
ham. What  a  change  in  character  we  are  making  in  the 
gas  companies.  Once  the  haughtiest  and  sternest  of  the  stern, 
they  now  truckle  to  the  penny-in-the-slottor,  and  seek  by 
every  means  to  enhance  their  '*  popularity."  But  the 
electric  light  is  their  best  friend,  Mr.  Barratt,  of  Gran- 
tham, said  in  the  discussion,  for  it  spurs  gas  managers  to  do 
their  duty.  Mr.  Arthur  Mead,  of  Chelmsford,  thought 
that  the  electric  light  was  merely  a  bogey,  and  cautioned 
the  members  not  to  get  scared.  He  had  had  some  competi- 
tion at  Chelmsford,  but  had  pointed  out  to  several  gas 
companies  who  thought  they  ought  to  send  in  lower 
tenders,  that  as  Messrs.  Crompton  were  supplying 
light  at  2d.  per  unit  while  it  cost  them  7d.  or  8d., 
there  was  no  need  to  be  frightened.  Mr.  A.  Mitchell 
thought  that  electric  light  for  streets  was  simply  unjustifi- 
able extravagance,  but  all  the  same,  he  said  he  thought  the 
gas  companies  ought  to  be  the  ones  to  spend  more  money, 
to  give  more  light.  Perhaps  the  most  satisfactory  thing 
about  it  all  is  that  the  President,  and  most  of  the  other  gas 
managers,  conclude  that  the  spread  of  electricity  is  no  cause 
for  alarm,  as  wherever  electricity  had  been  adopted 
additional  demand  was  created  for  light,  and  it  was  found 
tlmt  th^  gas  supply  did  not  suffer  in  the  least. 
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THE  EDIHBUROH  EXHIBITION.— XVII. 


Mmbts.  Laurence,  Scott,  and  Co.,  Limited,  of  Norwicb, 
ihow  on  the  stand  of  their  agents  for  Scotland  (Messrs. 
Norman  and  Sod,  Limited,  dugow),  among  other  things, 
one  of  their  "D  7"  dynamos,  being  driven  by  a  long-stroke 
engine  hy  Messn.  Bansomea,  mma,  and  Jefieries,  of 
Ipswich, 


fibre  to  insulate  the  plates  from  the  spindle.  A  secUon  of 
this  type  of  armature  is  shown  with  magnets  of  the  Man- 
chester type,  from  which  it  will  be  seen  that  the  conductor 
is  wound  in  deep  and  narrow  slots  milled  into  the  plate. 
Fig.  2. 

The  output  of  the  machine  is  110  volts,  140  amperes,  at 
1,160  revolutions  per  minute.  There  are  70  sections  in 
the  commutator,  and  70  turns  of  conductor  on  the  smu- 
ture,  60  that  there  is  only   one  turn  of  conductor  per 


ThiadynamoweillQ8trate,Fig.  1.  The  magnets  are  of  the 
"  Kapp'  type,  made  of  specially  soft  cast  iron.  As  will  be 
seen  by  the  illustration,  the  machine  has  three  very  long 
bearings.  The  magnets  are  very  massive,  and  the 
whole  tfaing   makes   a   perfectly   rigid   job.    The  anna 


section.  The  armature  core  is  nearly  square  in  longitudinal 
section,  being  7iin,  in  diameter,  and  7Jin.  long.  The  con- 
ductor on  the  armature  consists  of  two  parallels  of  -12in. 
round  wire  braided,  the  resistance  of  the  armature  when 
hot  being  -021   ohm.     ,  The  shunt  winding   consi^u  of 


tnra  is  built  up^  ini  the  system  which  Messrs. 
Laurence,  Soott,  and  Ci>.,  Limited,  have  used  successfully 
for  several  years  ;  it  is  a  drum  armature,  and  the  plates 
are  stamped  with  hexagon  holes  placed  together,  with  the 
insulating  material  between  them  on  a  temporary  hexagon 
mandril,  which,  being  removed,  the  hexagon  spindle  is 
driven  into  them  very  tightly  with  stripe  of  vulcanised 


H7ib.  No.  17  wire,  and  the  series  of  731b.  No.  6  wire,  in  four 
parallels  ;  there  being  8,560  ampere-turns  in  the  shunt,  and 
6,520  in  the  aeries — total  number  of  ampere-turns  14,080. 
The  watt-<  lost  in  the  &e\d  magnets  are  108.  The  total  elec 
tricjl  efficiency  of  the  mMhine94'6  percent.  The  total  weight 
of  conductor  on  the  armttture,  including  commutator  connec- 
tions, is  only  211b.,  being  733  watts  per  pound  of  copper. 
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We  alao  illiutrate  this  firms  di!|>-lighting  plant,  Fig.  3. 
The  annftture  of  the  dynamo  u  of  the  same  type  as  that  of 
the  belt^riven  one  described  above,  and  a  section  of  it  and  of 
the  magnets  is  shown  below.  This  construction  of  armature 
is  specially  applicable  to  these  slow-speed  diractdriTen 
machines,  in  which  the  strains  between  the  shaft  and  the 
armatare  conductor  are  so  much  greater  and  more  trying 
than  in  an  ordinary  belt-drivsn  machine.  The  output  of  the 
dynamo  is  60  volts  75  amperes  at  the  slow  speisd  of  260 
revolutions  pet  minute. 

Messrs.  laurence,  Scott,  and  Co.,  always  test  these  ship- 
lighters  before  leaving  their  works  for  six  hours  at  "  load 
and  a  half,"  and  for  12  hours  at  full  load. 

The  engine  is  by  Mesera.  Sabberton  Bros.,  of  Norwich. 
The  crank  is  of  forged  steel,  slotted  and  fitted  with  balance 


and  distitact  overgrottod  Uses  of  four  eopper  wires  sr«  noir 
being  erected  by  the  respective  Kovemments  from  each 
capiul  to  the  G<Aat,  and  a  new  cable,  the  joint  property  of 
the  two  governments,  will  be  laid  during  utia  month, 
between  the  Kent  coast  and  San  Galle,  to  cofinect  these 
two  lines.  There  will  thus  be  two  metallic  circuits  betwMn 
the  two  capitals.  The  KR,  that  is  the  product  of  the 
capacity,  K,  and  the  resistance,  R,  of  each  circuit,  upon 
which  the  clearness  of  articulation  depends,  will  be  6,300, 
indicating  that  speech  shonld  be  excellent. 

A  somewhat  similar  circuit  has  been  establishad,  sinc« 
October  last,  between  Buenos  Ayres  and  Monte  Video, 
under  my  advice.  The  cables  across  the  Id  I^ta  are  each 
26  miles  lone,  for  there  are  two  separate  single-wire  cables, 
and  the  total  distance  between  the  two  cities  is  180  miles. 


weights ;  the  coDnecting  rod,  alao  of  forged  steal,  is  six 
cranks  long.  AH  the  beariags  and  wearing  surfaces  are 
very  large  and  fitted  with  suitable  lubricating  arrange- 
ments to  enable  it  to  run  continuously  at  a  high  speed.  The 
cylinders  are  6in.  diameter  and  6in.  stroke,  and  the  engine 
will  run  well  up  to  100  revolutions  per  minute. 


ON    THE   FORM    OF   SUBMARINE   CABLES    FOR 
LONG   DISTANCE   TELEPHONY.* 

HT  W.  H.  rSXBCM,  F.K.a 

At  the  Newcastle  meeting  Ust  year  I  gave  the  reasons 
and  experiments  which  led  to  tM  conclusion  that  tele- 
phoning between  London  and  Paris  was  practical.    New 

■  Paper  mmI  bsfore  the  British  Associatfon.      '  '        "" 


Subscribers,  who  have  metallic  circuits  in  each  city,  have 
no  difficulty  whatever  in  speaking  to  each  other  fro* 
their  respective  offices,  although  the  KR  is  as  high  as 
10,400. 

The  cable  across  the  Channel  will  be  a  lour-wiro  cable, 
and  the  specification  for  ite  conetruction  has  been  baaed  on 
the  following  mathematical  development  by  Mr.  H.  B. 
Kempe. 


Let  there  be  a  looped  telephonic  line  betweeB  A  and  B* 
with  a  cable  C,  at  an  intermediate  point  on  the  roote. 

The  working  capacity  of  the  whole  line  is  dependent  apon 
the  product  of  the  total  resiatancei  B,  and  the  total  oapamyi 
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We  have  then  for  4001b.  wire 

a  »  3,124,884 

b  -  4-3C6481 

r  =  1,126 

Jt  =  195 
If  we  take  K  B  =  7,600,  which  is  the  highest  value  that 
can  safely  be  taken,  we  get 

_,       7,600-1-98  X  1,125 


2B0 

V3B 


3,124,884  X  4-356461 
2  X  -000389779  x  1-96 


-  -  -000348937 


4-366481 
■000661231 

1-96  X  1,126 
^°  -  3.124,884  X  4-366481 -•°°^^"'*" 
From  this  we  get 

\/B  +  AC--02347177, 
VB  +  AU+IBC"  -0299977, 
s/2B  =  •000661231, 
«  *h.t  ,    -02347177  +  -0299977 


■000561231 


- -97-00014, 


and  extreme  diameter  of  strand  =-  97  -0001 4 : 


Since  KR.(t+«)(r+p) 


.100 


we  get 


l,126  +  -M2*i8«L 
'     I    (97-0001 4y 

1-89199468 


-1-96-3-197163 


IorD 


-  +  \ogx 


3-197163 
-  2-5786476  -  log  of  378-86, 


—  380  mils  approxitnatelf . 
If  we  take 

!E-=96  tbenD-376-94, 

„  97-00014        „       378-86, 

„  99  „       ;!79-08, 

which  proves  the  correctness  of  tiie  calculation  for  a 

mimmnm. 

The  values  of  these  diameters  correspond  verv  closely  to 
a  core  the  weight  of  whose  couductor  is  1601d.,  and  the 
weight  of  whose  guttapercha  covering  is  3001b.,  and  it  has 
therefore  been  decided  to  adopt  those  dimensions. 

Although  the  calculation  has  been  made  on  the  assump- 
tion that  the  land  lines  on  both  aidea  of  the  cable  are  to  be 
of  4001b.  wire,  the  French  Government  have  decided  that 
the  wires  to  be  erected  by  them  shall  be  of  8001b.  wswht ; 
the  result  of  this  will  be  to  reduce  the  value  of  K  B  to 
6,300,  as  stated  at  the  commencement  of  the  paper. 

The  specification  of  the  cable  states  that :  (1)  Each  con- 
ductor shall  be  formed  of  a  strand  of  seven  copper  wires 
all  of  equal  diameter,  shall  weigh  1601b.  per  nautioil  mile, 
and  shall  at  a  temperature  of  75deg.  F.  have  a  resistance 
not  higher  than  7-632  ohms  or  lower  than  7-478  ohms  per 
naati<^  mile. 

(2)  Each  conductor  shall  be  insulated  by  being  covered 
with  three  alternate  layers  of  Ohatterton's  compound  and 
guttapercha,  banning  with  a  layer  of  the  said  compound, 
and  no  more  compound  shall  be  used  than  may  be  necessary 
to  secure  adhesion  between  the  conductor  and  the  layers 
of  guttapercha.  The  dielectric  on  each  conductor  shall 
weigh  3001b.  per  nautical  mile,  making  the  total  weight  of 
each  conductor,  when  covered  with  the  dielectric,  4601b. 
per  nautical  mile. 

(3)  The  inductive  capacity  of  such  insulated  conductor 
•hall  not  exceed  -3045  micrmarad  per  nautical  mile. 


(4)  The  insulation  resistance  of  each  coil  of  aan  shall  be 
not  less  than  500  me^^hms  per  nautical  mile  after  such  coil 
shall  have  been  kept  m  water  maintained  at  a  temperature 
of  75deg.  F.  for  not  less  than  24  consecutiTe  hours 
immediately  preceding  the  test,  and  after  electriflcation 
during  one  minute. 


The  cores  (four  in  number)  are  to  be  served  with  the 
best  net  fully  tanned  yam,  and  with  a  sheathing  of 
16 — 280  mil  wire,  each  having  a  minimum  breaking  sta^ain 
of  3,6001b.  and  a  minimum  of  10  twists  in  6  inches.  The 
section  of  the  cable  is  shown  by  the  figure. 


SOUS  NEW  FORMS  OF  DHIAIIOS.* 

BT  F.  U  0.  WADSWORTH. 

In  view  of  Uie  recent  great  activity  among  electrical 
inventors,  and  the  great  number  of  new  forms  recently 
brought  out,  I  am  by  no  means  certain  that  the  machines  to 
which  I  wish  to  call  attention  are  new  to  all  readers.  They 
have  not,  however,  to  my  knowledge  been  described,  and  as 
they  seem  to  possess  certain  advantages  in  the  way  of  low 
speed,  high  efficiency,  and  simplicity  of  mechanical  construc- 
tion which  may,  perhaps,  make  them  of  some  practical 
value,  I  will  give  a  brief  aescription  of  two  or  three  machines 
which  I  have  recently  designed. 


Fia.  l.—Altenuttor  Armature  and  Poles. 

In  this  connection  I  also  wish  to  call  attention  to  a  design 
of  a  machine  the  principle  of  whose  operation  is  identical 
with  that  involved  in  Prof.  Thomson's  new  machine  recently 
described  in  the  Ekctrical  World.  The  design  was  com- 
municated to  me  more  than  a  year  and  a-hall  ago  by  Mr. 
B.  G.  Lamme,  HE.,  now  with  fiie  Westinghouse  Comi»ny. 
The  theoretical  importance  of  this  class  of  machines  is  so 
great  that  the  deecnption  of  another  form,  somewhat  simpler 
m  mechanical  construction  than  the  one  already  referred  to, 
'  nut  be  out  of  place. 

ig.  1  shows  an  end  view  of  the  machine  with  part  of 
the  revolving  portion  of  the  field  magnet  cut  tiny  in  order 
to  render  the  armature  coils  clear^  visible.  F^.  2  is  a 
longitudinal  cross-section.  The  revolving  part  of  the  field 
consists  of  a  single  piece  of  iron,  cast  or  wrought,  with 
radially  projecting  pole-pieces,  a,iita^  between  which  are 
fitted  blocks  of  wood,  fi  6,  to  prevent  air  disturbances  and 
lessen  the  resistance  to  rotation. 


rrom  Uw  markai  Workt,  New  York. 
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The  armature  coils  are  twice  as  many  in  number  aa  the 
revolving  poles,  and  were,  I  believe,  onginally  designed  to 
be  wound  up  out  of  thin  copper  ribbon  instead  of  wire, 
because  of  the  greater  com[»ctness  of  the  winding,  a  con- 
struction similar  to  that  employed  in  the  armatures  of  the 
Mordey,  the  Ferranti,  and  tne  new  Brush  machines.  These 
coils  may  be  either  wound  directly  in  grooves  cut  across  ihe 
end  of  the  laminated  portion  of  the  field  or  preferably  on 
separate  removable  cores,  which  are  afterward  clamped  iu 
place  against  the  end  of  the  field.  The  stationary  part  of 
the  field  coDsistB  of  a  casting  on  which  is  first  wound  the 
exciting  coil,  and  then  a  casing  of  sheet  iron,  against  the 
outer  end  of  which  the  armature  coils  are  placed. 

It  will  be  seen  that  in  this  as  in  Prof.  Thomson's  machine 
there  is  no  external  magnetic  fleld,  no  commutator  (unless 
direct  currente  are  desired),  and  no  sliding  contacts ;  and 
that,  as  already  stated,  the  principle  of  its  action  is  exactly 
the  same.  It  possesses,  I  think,  some  mechanical  advau' 
tages  over  the  former,  as  there  are  a  less  number  of  parts, 
not  80  much  fitting,  less  weight  in  the  revolving  parts,  and 
more  convenient  arrangement  of  the  armature  coils,  which 
may  be  removed  or  adjusted  while  the  machine  is  running. 
For  reasons  of  symmetry  I  think  that  it  would  be  desirable 
to  double  the  thickness  of  the  revolving  portion  and  place 
another  stationary  part  exactly  similar  to  the  one  already 
described  at  the  left,  the  two  pai-te  being  bolted  to  a 
common  bed-plate. 

Of  the  special  forms  which  I  shall  now  proceed  to 
describe  the  first  (in  order  of  design)  ia  a  machine  of  the 


Fio.  2. — AltArnatlng  Dynamo. 

so-called  unipolar  type,  a  type  to  which  a  larse  amount  of 
attention  hEiB  recently  been  deservedly  called,  because  of 
the  great  simplicity  both  of  its  electrical  and  mechanical 
construction,  the  steadiness  and  uniformity  of  current  fiow, 
and  the  lai^e  output  per  pound  of  metal.  The  great  diffi- 
culty with  such  machines  has  been  to  obtAln  a  voltage  high 
enouirh  for  commercial  piir{>08eB.  In  order  to  obtain  such  a 
voltage  it  has  been  necessary  heretofore  either  to  drive  one 
machine  at  an  excessively  high  rate  of  speed,  or  else  to 
couple  a  number  of  machines  in  series.  As  has  been 
shown  by  Prof.  S.  P.  Thompson,  Hering,  and  others,  no 
series  arrangement  of  windings  is  possible  in  a  strictly  uni- 
polar machine,  and  in  order  to  join  auccesaive  windings  in 
series  sliding  contacts  must  be  used.  This  introduces 
another  difficulty  in  the  shape  of  friction.  Brushes  have 
been  used  with  a  fair  degree  of  success  in  machines  designed 
by  Siemens  (rotating  hollow  cylinder),  Forbes,  Polescnko, 
and  others,  but  if  a  number  of  inductors  are  to  be  joined 
in  series  by  means  of  sliding  contacts  the  multiplication 
in  the  number  of  the  brushes  becomes  objectionable 
both  on  mechanical  and  electrical  grounds.  Furthermore, 
if  the  inductors  be  in  the  form  of  discs  rotating  in  a 
uniform  magnetic  field,  the  use  of  brushes  beanng  at 
isolated  points  of  the  cireumference  will  deflect  the  stream- 
lines and  cause  cross  or  eddy  currents  in  the  disc  unless 
the  latter  is  cut  radially.  If,  however,  the  field  is  uniform 
and  symmetrical  with  the  axis  of  rotation — viz.,  if  the  outer 


and  inner  boundaries  of  the  field  are  concentric  circles 
having  that  axis  as  a  centre,  and  the  centre  and  circum- 
ference of  the  disc  be  connected  to  conductors  of  sufficient 
capacity — it  may  be  proved  that  the  rotation  of  the  disc  in 
such  a  field  produces  a  flow  whose  equipotential  lines  are 
concentric  circles  and  whose  stream-lines  are  therefore 
radii.  In  fact,  these  conditions  can  never  be  satisfled, 
although  practically  they  may  be  bo  nearly  satisfied  that  it 
is  unnecessary  to  slit  the  disc  radially. 

Furthermore,  the  employment  of  a  fleld  like  that  just 
described  makes  it  possible  to  utilise  nearly  the  entire 
amount  of  copper  in  the  disc  as  a  conductor  of  current. 
The  means  taken  to  secure  the  two  necessary  conditions 
just  referred  to — viz.,  a  uniform  and  axially  symmetrical 
fleld,  together  with  a  high  voltage  without  excessive  speed — 
are  shown  in  the  accompanying  figures. 

Fig.  3  is  a  croes-section  snowing  the  position  of  the  discs, 
the  exciting  coils  and  the  magnetic  circuit,  which  is,  as  will 
be  seen,  pcurfectly  closed  with  but  one  air  gap,  there  being 
no  external  magnetic  field.  A  A  are  the  two  revolving 
discs  which  are  mounted  on  and  driven  by  the  same  shaft, 
the  magnetic  field  being  so  arranged  that  while  the  current 
flows  from  the  centre  to  the  circumference  in  one  disc,  it 


Fin.  3. — Horizontal  Disc  Dynamo. 

flows  from  circumference  to  centre  in  the  other.  Each 
disc  is  built  up  either  of  a  number  of  thin  copper  plates 
insulated  from  each  other,  or  of  a  number  of  segments  ea=h 
nf  the  Full  thickness  of  the  disc  insulated  from  each  other 
after  the  manner  of  commutator  s^^ents.  Corresponding 
parts  of  the  two  discs  are  connected  with  each  other 
at  the  centra  by  a  system  of  concentric  circular  tubes 
or  bars,  also  insulated,  and  contact  is  made  along 
the  entire  outer  circumference  of  each  part  by 
attaching  to  it  by  soldering  or  welding  (electri- 
cally) a  band  or  rim,  which  revolves  in  a  trough  filled 
with  mereury,  as  in  Fig.  4,  which  shows  in  cross-section  the 
group  of  concentric  circular  troughs.  The  base  and  the 
division  rings  are  made  of  rubber,  or  some  other  insulating 
material,  and  a  well-amalgamated  copper  band,  with  the  upper 
edge  turned  down,  is  placed  in  each  trough,  to  serve  the  double 
purpose  of  conducting  away  the  current  and  preventing 
the  overflow  of  the  mercury  while  the  disc  is  in  motion. 
By  this  method  a  very  considenible  part  of  the  friction 
caused  by  a  sliding  contact  is  avoided,  and  the  electrical 
resistance,  which  is  very  considerable  in  the  case  of  brush 
contact,  may  be  made  most  negligible.  The  separate  parts 
of  each  disc  are  connected  in  seriee  with  each  other  with 
the  least  possible  amount  of  dead  wire  by  connecting  suc- 
cessive troughs,  as  shown  in  Fig.  1,  the  two  line  terminals 
being  a  and  6. 
The  largest  outpnt  will  be  ucured  when  the  separate 
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parts  of  the  two  discs  are  in  the  form  of  sectors  of  solid 
copper  as  shown  in  a  top  view  of  one  of  the  discs,  Fie.  3a. 
Diametrically  opposite  segments  make  connection  with  the 
same  mercury  trough  for  reasons  of  symmetry.  To  find 
the  number  of  sectors  required,  consider  a  case  in  which 
the  external  diameter  of  the  field  is  24in.,  the  internal 
diameter  8in.  The  area  of  the  pole-pieces  will  then  be 
about  395  square  inches.    Assume  an  air  gap  whose  mean 


Fio.  8a.— Detail  of  Diso  Armature. 

width  is  one-fourth  of  an  inch.  With  such  a  width,  and 
with  wrought-iron  poles,  a  density  of  90,000  lines  per 
square  inch  can  be  obtained.  The  number  of  lines  of 
force  cut  each  revolution  will  then  be  about  35,500,000, 
and  the  KM.F.  induced  in  a  conductor  cutting  this  field 
at  a  speed  of  1,500  revolutions  would  be  nearly  8*9 
Yolta.  Twelve  sectors  in  series  (six  in  each  disc)  would 
give,  therefore,  an  E.M.F.  of  107  volts. 

To  find  the  current  which  could  be  carried  we  have, 
allowing  -09  of  an  inch  (not  quite  ^  of  an  inch)  for 
clearance,  for  the  mean  cross-sectional  area  of  each  one  of 
the  copper  sectors  about  *628  square  inches,  which  by  the 
ordinary  rule  (520  mils  per  ampere)  would  carry  1,200 
amperes.  The  two  opposite  sectors  in  parallel  would 
therefore  carry  2,400  amperes,  and  the  total  output  of  the 
machine  would  be  256,000  Mratts.  Further  calculation 
shows  that  with  a  density  of  80,000  in  the  magnet  cores 
the  total  weight  of  the  iron  in  the  field  circuit  would  be 
less  than  10,5001b.  The  weight  of  copper  in  the  field 
would  be  6801b.  to  6901b.,  and  the  weight  of  copper  in 
the  discs  and  connections  would  be  2001b.  to  2101b. 
Allowing  6001b.  to  7001b.  for  shaft,  pulley,  gears,  insula- 
tion,  etc.,  the  total  weight  would  be  less  than  12,0001b., 
and  the  output  would  uierefore  be  21*3  watts  per  pound 
of  weighty  and  284  watts  per  pound  of  copper  used.^ 

The  design  to  which  I  next  wish  to  call  attention  is  that 
of  a  machine  in  which  the  armature  is  of  the  ring  type. 
The  field  is  in  this  respect  novel,  in  that  both  internal  and 
external  poles,  placed  opposite  to  one  another,  are  used,  the 
opposing  poles  oeing  of  the  same  polarity.  In  the  form  of 
machine  oue  to  Mariotti,  recently  descril>ed  in  the  Eledrieal 
JFbrld^  both  internal  and  external  poles  were  used,  but  they 
were  arranged  aJtemately.  This  latter  arrangement,  while 
it  possesses  some  marked  advantages,  as  there  pointed  out, 
is  open  to  the  objection  that  one-half  of  the  wire  on  the 
armature  is  dead. 

In  the  present  proposed  arrangement  of  opposite  poles  of 
the  same  polarity  the  wire,  both  on  the  interior  and  exterior 
of  the  rine,  is  employed  in  generating  useful  E.M.F.,  so  that 
a  ring  wiui  a  given  number  of  windings  and  running  at  a 
given  speed  \nll  generate  double  the  E.M.F.  that  would 
be  generated  in  case  either  external  or  internal  poles  alone 
were  used,  provided  the  section  of  the  armature  core  be 
increased  sufficiently  to  carry  the  additional  lines  of  force 
which  will  pass  through  it  in  the  former  case. 

(To  be  continued,) 

*  Biooe  the  above  was  written  I  have  been  at  work  upon  a 
anipdAr  maclune,  in  which  no  sliding  oon tacts  are  used,  and  all 
inductor  wizes  are  stationary,  the  4etailB  of  which  I  hope  to  have 
r^edy  soon, 


THE    EFFECT  OF    DIRECT    AND    ALTERNATING 
PRESSURES  ON  THE  HUMAN  BODY.* 

Vt  J.   SWINBUaNS. 

As  there  seems  to  be  some  doubt  as  to  the  relative  effects  of 
alternating  and  direct  oarrents,  a  bridge  which  measured  the 
resistance  of  the  patient  under  various  pressures  was  made  up. 
Fuller  readings,  which  agreed  with  the  fint  as  nearly  as  sudi  very 
uncertain  reuiings  can  oe  expected  to  agree,  were  afterwards 
taken  by  putting  on  different  pressures  and  measuring  the  current, 
the  resistances  being  calculated.  The  alternating  currents  were 
measured  with  a  non-inductive  wattmeter  arrangedas  an  ammeter, 
the  pressure  being  taken  with  a  hot-wire  voltmeter.  The  tests 
were  taken  from  muid  to  hand,  the  hands  beinff  dry  or  wet  with 
dilute  acid  in  the  case  of  direct  currents,  and  dry  m  the  case  of 
alternating.  It  seemed  to  make  little  difference  in  the  case  of 
alternating  currents  whether  the  hands  were  wet  or  dry.  There 
was  no  need  to  measure  the  resistance  from  hand  to  foot,  as  that 
obviously  would  depend  on  the  boots  worn. 

Human  Rksistakois  :  Hakd  to  Hano. 


Current. 


Alternate  . 
Continuous 
Continuous 
Alternate  . 
Alternate  . 
Continuous 
Continuous 
Alternate  . 
Continuous 
Continuous 
Alternate  . 
Continuous 
Continuous 
Continuous 
Continuous 
Alternate  . 
Alternate  . 
Continuous 
Continuous 
Alternate  . 


Name. 


>> 
B 

»» 

'6 

9> 
f» 

D 
»» 

19 
99 

F 

99 
99 
99 


Hands. 


O4 


Volts. 


16 
50 
50 
10 
18 
60 
50 
18 
50 
50 
18 
50 
50 
50 
50 
18 
18 
50 
50 
54 


Resistance. 


950 
8,000 
8,010 
1,330 
1,110 
6,660 
1,930 

620 
5,400 
1,980 
1,090 
10,000 
16,000 
6,700 
1,100 
1,300 

750 
3,320 
1,710 

670 


In  the  above  table  the  direct  pressure  is  always  50  volts.  Any 
of  those  tested  could  have  taken  more  than  this ;  but  even  with  iSo 
volts  the  discomfort  is  extreme  if  the  oontact  Ib  made  and  boroken. 
The  maximum  current  taken  was  *04  ampere  by  £,  whose  resist- 
ance is  low.  He  could  have  taken  more  if  available.  All  the 
resistances  are  much  lower  than  those  obtained  bv  the  usual 
method  of  measuring  with  a  bridge  and  one  or  two  cells.  Probably 
polarisation  then  interferes. 

When  the  direct  current  from  50  volts  is  concentrated  in  one 
finger  it  feels  hot,  though  especially  as  the  current  is  reduced, 
there  can  be  no  appreciable  heat  generated. 

The  most  curious  thing  is  the  very  low  effective  resistance  to 
alternating  currents.  The  altematinff  pressure  could  be  regulated 
by  steps  of  4*5  volts.  Out  of  the  five  subjects  tested  not  one, 
except  F,  could  stand  more  than  18  volts  alternating,  the  maximum 
effective  current  taken  being  '03  ampere.  F  seems  abnormal.  He 
took  54  volts  and  nearly  a  tenth  of  an  ampere.  D,  who  has  the 
highest  resistance,  was  the  only  lady  tested.  Thoueh,  with  the 
exception  of  F,  none  of  us  could  take  more  than  18  volts,  alternat- 
ing with  a  good  contact,  I  have  several  times  touched  600-volt 
alternating  terminals  lightly.  They  were  given  by  a  Siemens 
machine  lued  for  "  flashuig  *'  lamps.  Before  1  took  charge  of  the 
factory  containing  it  I  am  told  several  of  the  g^rls  had  shocks  from 
the  same  machine.  Spring  switches  which  demanded  both  hands 
to  give  any  current,  ooviated  danger  to  them  afterwards.  I  have 
also  had  a  very  severe  a^ook  from  a  100- volt  Ferranti.  Thouj^h 
18  volts  was  as  much  ae  we  could  take,  there  was  no  difficulty  m 
letting  go. 

These  results  bear  out  those  of  Messrs.  Lawrence  and  Harriesf 
as  to  the  relative  resistanoe  to  alternating  and  direct  currents, 
but  the  figures  are  entirely  different.  They  never  found  anyone 
take  ove^O  miUlamperes,  while  F  took  90  milliamperes  alternat- 
ing, and  E,  a  workxnan,  took  44  milliamperes  direct,  and  could 
have  taken  far  more  if  available. 


Baetrie  Ctaui  IMUeator^— M.  Eduard  Stem,  of  Cologne,  has 
devised  an  apparatus  for  indicating  the  presence  of  explosive  gas, 
which  does  not,  however,  appear  to  have  by  any  means  the  same 
facility  and  accuraov  of  observation  as  that  invented  in  this 
countxy  by  Mr.  Niblett,  and  would  seem,  moreover,  to  be  dis- 
tinctly dangerous.  M.  Stem's  indicator  consists  of  a  vessel  of 
porous  earthenware,  oontidning  in  its  interior  Uiin  metallic  mem- 
Dranes,  which  expand  when  the  gases  penetrate  the  porous  sides 
and  mi^e  oontact  for  an  electric  current,  and  so  signalise 
their  presence.  By  rcffulatiiig  the  points  the  inventor  states 
that  any  mixture  from  1  per  cent,  up  to  20  per  cent,  could  be 
indicated.  This  seems  ex&emely  problematical,  to  say  nothing  of 
the  apparent  danger  of  eleotrio  sparks  in  an  explosive  mixture  at 
the  ix>mte  of  contact. ^^ 

*  Paper  read  before  the  British  Association. 

t  /ourno/ Institute  Electrical  Engineering,  xix.,  Ko,  86, 
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THE  ACCmENT  AT  FLORENCE. 

The  fifttal  accident  through  the  electric  tramcars 
at  Florence  comes  with  almost  disastrous  effect  at 
this  juncture.    Full    details   have   not   yet   been 
received,  nor  will  positive  proof  to  the  contrary 
dissipate  the  fears  that   many  people  have  with 
regard  to  the  dangers  arising  from  the  increasing 
use  of  electricity.    It  is  extremely  unfortunate  that 
so  many  preventable  accidents  should  be  permitted 
to  occur.     We  have  at  our  command  the  most 
wonderfid  agent  ever  discovered  by  humanity.    Its 
utility  seems  endless,  and  its  safety  without  doubt, 
yet  accidents  connected  therewith  are  of  frequent 
occurrence,  giving  a  handle  which  its  enemies  are 
not  slow  to  use.     The  accident  may  really  have 
nothing  to  do  with  the  electrical  part  of  the  apparatus, 
but  in  the  minds  of  those  who  hear  or  read  it  cannot 
be  separated  therefrom.    From  the  meagre  details 
of  the  Florence  accident  we  have  reason  to  suspect 
that  electricity  has  no  more  to  do  with  it  than  would 
steam,  if  a  driver  was  fool  enough  to  turn  on  full 
steam  with  a  traction  engine  at  the  summit  of  a 
steep  hill,  andhadno  brakes.  Damage  to  life  or  property 
arising  from  such  an  action  should  not  be  charged 
against  steam,  but  rather  against  the  management 
that  permitted  an  incompetent  man  to  control  the 
apparatus.    The  energy  of  steam,  or  of  water,  or  of 
electricity  is  to  be  applied  with  a  certain  amount 
of  caution,  and  if  not  so  applied  will  certainly  lead 
to  accidents.     Turn  on  full  current  and  let  her 
rip,  is  not  a  desirable  action  in  tramway  work. 
A  runaway  car,  causing  a  fatal  accident,  is  possible 
with  horse,  steam,  cable,  or  electric  traction.    It  is 
not  unique  to  electric  work.    Supporters  of  electric 
traction    are   in  this   unfortunate   position.     The 
system  is  somewhat  new — Whence  writers   to   the 
papers  are  always  anxious  to  record  every  item  of 
news  concerning  it,  and  the  general  reader  accepts 
the  statement  without  demur.    If  unfavourable,  it 
has  to  be  fought  down,  for  it  is  always  treasured  as 
an  argument  against  its  use.    Years  were  needed  to 
convince  the  major  part  of  the  public  that  travelling 
by  steam  was  safer  than  travelling  by  coach,  apd 
electrical  engineers  know  there  is  no  reason  why 
travelling  by  electricity  should  not  be  even  safer  than 
travelling  by  steam.    The  loss  of  prestige  arising 
from  such  untoward  accidents  as  that  at  Florence 
can  only  be  counteracted  by  full  and  accurate  in- 
formation upon  the  subject.    It  should' be  the  duty 
of  those  who  control  the  system  adopted  at  Florence 
to  make  a  thorough  investigation  of  the  matter, 
ascertain  the  facts,  and  publish  a  ftill  and  complete 
report.     Then  it    will  probably  be  seen  that   the 
accident  has  been  caused  by  wilful  neglect  of  ele- 
mentary principles  of  mechanical  engineering.    We 
have  again  and  again  contended  that  the  electrical 
engineer  must  first '  be  a  mechaniccJ  engineer,  and 
superpose  upon  this  knowledge  that  of  electrical 
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triangle  joining  the  fixed  centres,  and  the  third  lies  parallel, 
or  nearly  so,  facing  oppositely.  Four  magnets  will  usually 
form  two  lines  with  airections  which  lie  nearly  along  two 
sides  of  the  quadrilateral ;  but  diagonally  opposite  magnets 
may  pair,  leaving  the  others  unattached.  Suppose  them  set 
at  the  comers  of  a  rectangle  with  unequal  sides,  they  may  lie 
in  any  of  the  forms,  Fig.  lA,  if  the  inequality  in  distance 
be  not  too  great  All  tnese  configurations  are  stable,  and 
the  condition  of  least  energy,  while  making  the  first  of 
them  the  most  probable,  does  not  prevent  the  occasional 
formation  of  the  others.  In  a  long  line,  the  same  condition 
leads  in  general  to  this  formation  : 

— >   — ^>   — ^>   — ^>   — >   — >    — >   — ^> 

bat  it  is  by  no  means  uncommon  to  find  a  line  broken  into 
two  or  more  sections,  thus : 


— ^> 


./ 


->    — ^> 


Seven  magnets  grouped  so  that  the  centres  of  six  form  a 
regular  hexagon,  with  one  in  the  middle,  have  a  great 
variety  of  ^ssible  stable  configurations,  of  which  examples 
are  shown  in  Fig.  2. 


Fzo.  2. 

Experimental  study  of  the  forms  which  may  be  assumed 
by  groups,  and  of  the  vibrations  which  may  be  transmitted 
through  groups  is  interesting,  but  to  pursue  it  would  be 
beside  my  present  purpose.  In  all  cases  the  configuration 
assumed  by  a  group  is  such  that  there  is  stability  for  small 
displacements,  but  different  positions  of  the  group  may  be 
stable  in  different  degrees,  and  if  members  of  the  group  be 
turned  through  a  sufilciently  great  angle  they  become 
unstable,  and  fall  into  a  new  position  of  stability,  bringing 
about  a  partial  reconstruction  of  the  lines  that  characterise 
the  group.  Special  interest  attaches  to  sauare  patterns 
from  the  fact  that  iron  and  nickel  (probably  cobalt  ako) 
crystalise  in  the  cubic  system.  In  a  square  pattern  of  manv 
members,  we  find,  in  general,  lines  runnine  parallel  with  all 
Bides  of  the  square  when  the  group  settles  without  direc- 
tive  force  after  a  disturbance. 

Let  the  group,  or  collection  of  groups,  be  subjected  to  an 
external  magnetic  force,  %  gradiudly  increasing  from  zero. 
The  first  effect  is  to  produce  a  stable  deflection  of  all  mem- 
bers except  thoee  which  lie  exactly  along  or  opposite  to  the 
direction  of  |^.  This  results  in  giving  a  small  resultant 
moment  to  the  group  (assuming  that  there  was  none  to 
begin  with),  which  increases  at  a  uniform  or  very  nearly 
omform  rate  as  ^  increases.  This  corresponds  to  the  first 
>tage  in  the  magnetisation  of  iron  or  other  magnetic  metal, 
0)  Fig.  3.  This  initial  susceptibility  is  a  small  finite 
quantity,  and  it  is  sensibly  uniform  for  very  small  values 
of||. 


L 
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Fio  3. 

Suppose  that,  without  going  beyond  thin  stage,  we  remove 
\ ;  the  molecular  magnets,  not  having  been  deflected  beyond 
the  limit  of  stability,  simply  return  to  their  initial  places, 
and  there  is  no  residual  magnetism.  This,  again,  agrees  with 
the  fact  that  no  residual  magnetism  is  produced  by  very 
feeble  magnetising  forces.  Up  to  this  point  there  has  been 
no  magnetic  hysteresis.  But  let  the  value  of  ^  be  increased 
until  any  nart  of  the  group  becomes  unstable,  and  hysteresis 
unmediately  comes  into  play.  At  the  same  time,  there 
begins  to  m  a  marked  augmentation  of  suacepttbility — ^that 


is  to  say,  a  marked  increase  in  [the  rate  at  which  resultant 
moment  is  acquired.  It  is  not  difficult  to  arrange  groups 
in  which  the  state  of  instability  is  reached  with  one  and 
the  same  value  of  %  throughout  the  group.  But,  in  seneral, 
we  shall  have  different  elementary  magnets,  or  different 
lines  of  them,  reaching  instability  with  different  values  of 
p.  The  ranee  of  h,  however,  which  suffices  to  brine  about 
instability  througnout  the  whole,  or  nearly  the  whole,  of 
the  memoers  in  most  groups  is  not  large ;  we  therefore  find 
in  the  action  of  the  model  a  c-ose  analogy  to  the  second 
stage,  6,  Fig.  3,  of  the  process  of  magnetisation,  in  which 
the  magnetism  rises  more  or  less  suddenly,  as  weU  as  to  the 
first  stage,  a. 

During  the  second  sta^,  6,  the  magnetic  elements  fall 
for  the  most  part  into  hues  which  agree  more  or  less 
exactly  with  the  direction  of  |^.  If,  at  the  end  of  this  stage, 
we  remove  j^,  we  find  that  a  very  large  proportion  of  the 
moment  which  the  group  has  acquired  remains  \  in  other 
words,  there  is  a  great  deal  of  residual  magnetism.  To  take 
an  instance,  suppose  we  have  a  sroup  lying  initially  as  in 
Fig.  4,  and  apply  a  magnetic  force,  9,  in  the  direction 
sketched,  the  first  stage,  a,  deflects  all  the  molecular 
magnets  slightly,  without  making  any  of  them  become 
unstable ;  tne  second  stage,  6,  brings  the  molecules  into  the 
general  direction  shown  in  Fig.  5,  or  rather  that  is  the 
direction  they  assume  when  ^  is  removed,  and  the  residual 
ma^etism  contributed  by  the  group  is  then  the  sum  of 
their  moments  resolved  along  \,  When  |^  is  acting,  the 
compontots  along  %  are  slight^  greater,  for  the  molecules 
are  then  (stably)  deflected  through  a  small  angle  towards 
the  line  of  % 

Let  li  be  further  increased — ^we  now  have  the  third  stage, 
c,  Fig.  3,  which  consists  in  the  closer  approach  to  satura- 
tion that  is  caused  by  the  molecules  being  more  nearly 


i  1 1 '  ^ 


rri 


Fio.  4. 


Fio.  6. 


pulled  into  exact  line  with  1^,  Fig.  6.  Whether  there  will 
be  instability  during  the  deflection  of  them  from  the  lines 
of  Fig.  5,  will  depend  on  the  closeness  of  the  poles,  and  on 
the  inclination  of  the  lines  of  Fig.  5  to  the  direction  of  |^ 
(see  below).  In  some  groups  saturation  will  be  complete 
with  a  finite  value  of  |) ;  in  others,  it  will  only  be  closely 
approximated  to.  In  magnetising  any  actual  specimen  of 
iron,  we  have,  of  course,  to  d^  with  a  multitude  of 
groups,  the  lines  to  which  lie  at  very  various  inclinations 
to  ]^.  If  we  remove  the  force,  %  at  a  point  in 
stage  c,  we  find  very  little,  if  any,  more  residual 
magnetism  than  was  found  at  the  end  of  stage  h.  The 
ratio  of  residual  to  induced  magnetism  is  a  maximum  about 
the  end  of  stage  (,  and  diminishes  as  stage  c  proceeds.  This, 
again,  agrees  completely  with  the  observed  facts. 

{To  he  canHnned,) 


NOTES  ON  THE  VULCANISATION  AND  DECAY  OF 

INDIARUBBER.'' 

BT  WILLIAM  THOMSON,  F.R.S.XD.,  F.aS. 

Under  ordinary  conditions  indiarubber  for  vulcanising  is 
usually  mixed  with  sulphur  and  heated  to  a  high  tempera- 
ture, when  chemical  combination  takes  place  between  the 
sulphur  and  the  rubber,  producing  a  much  more  valuable 
compound  for  ordinary  purposes;  than  unvulcanised  rubber, 
the  former  remaining  plastic  at  very  low  temperatures  ana 
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firm  at  high  temperatores,  whilst  the  hitter  becomes  hard 
and  quite  soft  respectivel j  at  those  temperatores. 

In  makiii|;  cloth  for  waterproof  garments  another  method 
is  employed^  for  ynlcanising  the  rubber — viz.,  hj  wetting 
its  surface  with  a  mixture  of  somewhere  about  five  to  10 
parts  of  chloride  of  sulohur  dissolved  in  100  parts  of 
bisulphide  of  carbon,  and  then  heating  the  fabric  gendy  to 
evaporate  away  the  excess  of  these  suMtances ;  the  rubber- 
covered  cloth  cannot  be  heated  to  a  high  temperature  IQie 
the  rubber  alone,  because  the  heat  woud  be  hable  to  injure 
the  cotton,  silk,  or  wool  of  the  fabric,  or  destroy  or  injure 
the  colours. 

The  bisulphide  of  carbon  softens  and  penetrates  the  fine 
kyer-  of  rubber^  carrying  with  it  the  cnloride  of  sulphur 
dissolved  in  it^  and  it  is  generally  supposed  that  the 
chloride  of  sulphur  breaks  up,  the  sulphur  combining  with 
the  rubber,  producing  vulcanisation,  and  the  chlorine  com- 
bining with  the  hydrogen  prodjicing  hydrocUbric  acid, 
which  is  liberated.  This  reaction  is  ckarly  not  the  correct 
one,  and  it  is  probable  that  the  reverse  is  more  in  accord- 
ance with  the  facts — viz.,  that  the  chlorine  of  the  sulphur 
chloride  combines  with  the  rubber,  producing  vulcanisation, 
leaving  the  sulphur  in  the  free  state,  or  only  partially  in 
combination  with  the  rubber,  because  in  rubber  vulcanised 
by  the  cold  process  I  have  found  free  sulphur  to  be 
present 

From  a  piece  ot  rubber-covered  cloth  I  separated  the 
rubber  and  submitted  it  to  analysis  by  mixing  it  thoroughly 
in  small  pieces  with  pure  sodium  carbonate  and  igniting, 
then  dissolving  the  whole  in  water  and  adding  to  it  per- 
oxide of  hydrogen  previously  treated  with  excess  of  banum 
chloride  (to  separate  sulphuric  add  or  sulphates).  The 
peroxide  ensures  the  conversion  of  the  lower  oxides  of 
sulphur  into  sulphuric  acid,  whilst  the  excess  (rf  buium 
chlorides  precipitates  the  sulphuric  acid  in  the  solution 
which  is  then  weighed  as  barium  sulphate. 

Another  portion  of  the  made  up  solution  was  neutraUsed 
and  the  chlorine  present  titrated.  The  rubber,  previous  to 
ignition  as  above  described,  had  been  well  boiled  in  water 
and  dried  to  separate  any  hydrochloric  acid  which  might 
be  present,  but  only  a  faint  trace  of  chlorine  compound 
could  be  thus  separated  from  the  rubber. 

The  total  sulphur  present  in  the  rubber  amounted  to 
2-60,  and  the  total  chlorine  to  6*31  per  cent 

The  yellow-coloured  sulphur  proto^Uoride  is  best 
adapted  for  vulcanising,  because  it  does  not  act  too  strongly 
upon  the  rubber,  whUst  the  dark-coloured  chloride  of 
sulphur,  containing  as  it  does  a  lai^e  quantity  of  the  higher 
chlorides  of  sulphur,  renders  the  rubber  quite  hard  by 
vulcanising  it  too  much.  The  theory  eenenJly  adopted  to 
explain  this  is  that  these  higher  cUoriaes  break  up  easily, 
lilMrating  their  sulphur,  wfich  thus  combines  in  greater 
quantitgr  with  the  rubber,  but  my  experiments  and  anidyses 
prove  that  it  is  chiefly  the  chlorine  and  not  the  sulphur  of 
the  chloride  of  sulphur  which  produces  the  vulcanisation. 

A  rubber  substitute,  much  used  at  present,  is  produced 
by  acting  on  vegetable  oils,  such  as  rape,  linseed,  etc.,  with 
a  mixture  of  chloride  of  sulphur  and  bisulphide  of  carbon. 
The  oil  becomes  converted  into  a  solid  substance  resembling 
indiarubber  to  some  extent,  but  being  much  more  brittle. 
This  body  is  now  used  in  large  quantity  for  mixing  with 
indiarubber  for  the  purpose  of  cheapening  its  production. 
On  analyses  of  some  samples  of  this  material  I  have  inva- 
riably found  that  it  contained  a  much  greater  proportion  of 
chlorine  than  of  sulphur,  and  this  process,  therefore,  is  a 
vulcanisation  by  chlorine  rather  than  by  sulphur. 

Recently  I  analysed  three  samples  of  rubber  substitute, 
the  one  termed  "  special,"  another  "  spongy  "  indiarubber 
substitute,  the  third  beinff  similar  to  the  first  in  appearance. 
The  first  contained  of  soiphur  3-4  and  of  cUorine  7*6  per 
cent;  the  second  contained  of  sulphur  4*56  and  of  chlonne 
8*22,  and  the  third  2*67  of  sulphur  and  7*90  of  chlorine  per 
cent 

These  rubber  substitutes  contain  considerable  quantities 
of  oily  matters  soluble  in  ether,  which  I  have  also  found  to 
be  chlorine  and  sulphur  compounds  of  the  oils.  The  first 
yielded  20*0  per  cent,  the  second  14*3,  and  the  third  11*6 
per  cent  of  these  thick  oily  matters  soluble  in  ether.  This 
oily  substance  from  the  first  sample  contained  2*6  per  cent 
of  sulphur  and  6*1  per  cent  of  chlorinei  whilst  WBi  from 


the  second  contained  2*97  and  6*87  per  cent  of  sulphur  and 
chlorine  respectively. 

Some  rubber  manufacturers  regard  this  oily  matter  as 
injurious  to  the  rubber,  and  reject  any  substitute  which 
contains  any  considerable  proportion  olit.  I  have  found, 
however,  by  experiment,  that  this  oily  compound,  instead 
of  acting  injuriously  on  indiarubber,  actually  acts  as  a 
preservative  of  it ;  some  rubber  threads  were  smeared  with 
this  oily  extract,  some  of  ordinary  (unvulcanised)  rape  oil, 
and  some  left  untreated ;  these  were  put  into  an  incubator 
at  150deg.  F.  for  a  few  days,  when  it  was  found  that  the 
oil-treated  rubber  was  quite  soft  and  rotten,  whilst  the 
other  two  had  remained  sound.  After  a  few  days  more  the 
original  rubbm:  thread  had  become  quite  rotten,  whilst  the 
thmds  smeared  with  the  oily  part  of  the  vulcanised  oil 
remained  quite  sound. 

The  first  and  second  samples  of  rubber  substituted  were 
examined  for  soluble  chlorides  or  hydrochloric  acid,  by 
boiling  in  water,  the  first  gave  0*18  per  cent  of  chlorine 
soluble  in  water,  and  the  second  0*05  per  cent 

It  has  been  Imown  for  some  time  that  copper  salts  exert 
a  most  injurious  influence  on  indiarubber;  copper  salts  are 
sometimes  used  in  dyeing  cloth,  which  are  afterwards 
employed  for  waterproofing  with  indiarubber,  and  it  seems 
quite  astonishing  what  a  small  quantity  of  copper  is 
required  to  harden  and  destroy  the  rubber;  and  the  destruc- 
tive efflBct  of  copper  is  further  enhanced  if  the  cloth  contains 
oily  matters  in  which  the  copper  can  dissolve.  Ab  an 
example,  here  is  a  piece  of  dotii  alleged  to  have  damaged 
the  thin  coating  of  mdiarubber  on  it  I  found  it  to  contain 
copper,  and  wit£  a  view  of  demonstrating  this  point  I  took  one 
piece  in  its  original  condition.  To  the  end  of  this  I  pasted 
a  similar  piece  of  the  cloth  from  which  the  oily  and  grea^ 
matters  had  been  removed  by  ether,  and  to  the  end  of  this 
again  I  pasted  another  piece  of  the  same  cloth  from  which 
I  had  removed  both  ouv  and  greasy  matters  and  copper. 
These  three  pieces  joined  into  one  were  then  coated  in  the 
usual  way  with  indiarubber,  and  then  hung  in  an  incubator 
at  150deg.  F.  In  the  course  of  a  few  days  the  rubber  on  the 
original  cloth  had  become  soft^  and  it  then  hardened  and 
became  rotten  and  useless.  The  second  piece  from  which 
the  greasy  matters  bad  been  removed  then  became  quite 
hard  and  rotten,  whilst  the  part  from  which  both  greasy 
matters  and  copper  had  been  removed  has  remained  in  a 
perfectiy  elastic  and  good  condition. 

Prof.  Dewar  observed,  accidentally,  that  metaUic  copper 
when  heated  to  the  temperature  of  boiling  water  in  ocmtact 
with  the  rubber,  exerted  a  destructive  effect  upon  it  With 
a  view  of  finding  whether  this  was  due  to  the  oopuerperse^ 
or  to  its  power  of  conducting  heat  more  rapidly  to  the 
rubber,  I  laid  a  sheet  of  rubber  on  a  plate  of  ghiss  and  on 
it  placed  four  clean  discs,  one  of  copper,  one  of  platinum, 
one  of  sine,  and  one  of  silver ;  after  a  few  days  in  an  incu- 
bator at  150deg.  F.,  the  rubber  under  the  copper  had  become 
quite  hard,  that  under  the  platinum  had  become  slightly 
affected  and  hardened  atdifferentparts,  whilst  iherubber  under 
the  silver  and  under  the  zinc  were  quite  sound  and 
elastic. 

This  would  infer  that  the  pure  metallic  copper  had  exerted 
a  great  oxidising  effect  on  the  rubber,  the  platinum  had 
exerted  a  slight  effect,  while  the  zinc  and  silver  respectively 
had  had  no  injurious  influence  on  it  A  still  more  curious 
result  was  this,  that  the  rubber  thus  hardened  by  the 
copper  contained  no  appreciable  trace  of  copper,  the  copper 
therefore  presumably  sets  up  the  oxidising  action  in  the 
rubber  without  itself  permeatine  it  I  luive  pleasure  in 
acknowledging  the  assistance  rendered  to  me  in  this  experi- 
ment by  my  assistant,  Mr.  Frederick  Lewis. 


Vtllisinff  Water  Power.— A  dam,  to  develop  20,000 
indicated  horse-power,  is  to  be  constructed  across  the  Mis- 
souri river,  near  Helena,  Montana.  It  will  be  a  timber 
crib  structure  47ft  high  and  800ft  long,  formina  an  im- 
pounding reservoir  with  an  area  of  439  milesi  The  water 
will  be  taken  from  above  the  dam  to  the  turbines  by  a 
tunnel  15ft  by  17ft  cross  section  driven  through  a  rock 
TOomontory.  The  total  cost  is  estimated  at  100,000dok 
The  power  developed  is  to  be  transmitted  electrically  to 
Helena,  13  miles  distant 
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ELECTRIC  STREET  SIGNS. 


With  the  spread  of  arc  lighting  in  ahope  and  public  plaoee 
it  will  not  be  long  before  the  uaera  of  the  lamps  take  meane 
of  utilising  the  greater  brilliance  of  the  light  for  advertising 
purpoBes  otherwise  than  by  the  aimplo  brilliancy  itself.  One 
of  the  roost  obvious  and  easy  methods  of  doing  this  is  well 
shown  by  the  accompanying  illustrations,  which  represent 
the  street  signs  for  arc  umpa  (Wade's  patent)  introduced 


Street  Sfgiu  tui  Arc  I«mpa. 

by  the  Street  Lamp  Company,  of  Broad-«treet,  Birming- 
ham, a  company  devoting  themaelvaB  to  public  lighting 
apparatus  and  fixtures.  A  light  braaa  framework  is  fitted 
with  opaque  glass  bearing  the  signs  desired — the  name  of 
the  Ughting  company,  the  shop  using  it,  the  railway  station  or 
theatre,  as  desu^.    These  tablets  are  visible  by  day  as 


mm 


Station  SigiM  on  Are-lAuipB. 

well  as  by  night,  and  are  likely  to  come  into  general  use  as 
the  obstruction  to  light  is  inappreciable,  and  no  more  pro- 
minent means  of  public  notice  can  be  well  devised.  These 
>i|ns  are  in  use  by  the  Brush  Electric  Company  at  the 
Minburgh  Exhibition,  and  are  very  noticeable,  and  at  the 
■ame  time  neat  and  inoffensive.  They  are  detachable,  and, 
of  course,  can  be  made  of  various  shapes  and  patterns.  We 
understand  that  a  similar  arrangement  for  outside  Sun- 
beam lamps  for  hotels  and  business  houses  will  also  shortly 
be  brought  out  by  the  same  makers. 


MEMORIAL  TABLET  TO  GAULARD. 

The  following  is  the  translation  of  the  inscription  on  the 
tablet  erected  to  M.  Lucien  QauUtrd  at  Lanso,  and  unveiled 
on  the  3rd  of  this  month : 

Here  in  the  year  18S4 

LcoiEN  Gaitlaiu),  of  Paris, 

first  overoamD 

with  all«mat«  correnta 

the  difficulty  of  tmnsmisuoa  to  long 

dlttancee 

of  ulectrioal  ennrgy 

Under  the  aaipioee 

of  the  Ilaliao  Eleotrieal  &>oiety  of  Milan 

with  the  BUenb 

of  the  Tarin-Lanza  Railway  CompAoy 

his  admiren. 

The  tablet  is  carved  in  low  relief  from  the  chisel  of 
Sig.  Cesar  Biscarra,  of  Turin.  The  figure  of  Gaulard  is 
encircled  with  oak  and  laurel.  Above  ie  the  traDsformer 
to  which  the  inveutor  owes  his  fame.  A  spirit,  seated 
amongsb  ruins,  which  symbolise  the  troubled  career  of  the 
unfortunate  electrician,  is  blowing  a  trumpet  above  the 
figure.  The  erection  of  this  memonal  is  due  almost  entirely 
to  the  initiative  of  Sig.  Alex.  Volta,  president  of  the  Italian 
Society  of  Electricity. 


CHELSEA  ELECTRIC  UGHTING. 

[The  following  is  the  report  of  the  surveyor,  Mr. 
T.  W.  E.  Hifflins,  A.M.LC.E.,  to  the  Chelsea  Vestry. 
The  report  is  dat«d  May  6,  1690.] 

As  deaired  bv  the  Electric  Lighting  Committee,  I  propose 
to  deal  with  this  subject  rather  more  fully  ttuui  I  have 
with  other  matters. 

At  the  commencement  of  the  year  1889-90  the  three 
electric  light  companies  whose  operations  extended  to 
Chelsea  were : 


(1)  ^e  Chelsea  ^ectricity  Supply  Company, 
ipply  Corporation, 
(3^  The  Cadog&n  Electric  L^ht  Company. 


)  The  London  Electric  St 


Their  systems  of  supply  may  be  Heecribed  as  follows,  vis. : 
(/)  The  Chdsta  EkdricUy  Supply  Co. 

The  system  adopted  by  tMs  company  is  that  of  supply 
by  means  of  direct  continuous  currents.  There  is  a  gene- 
rating and  accumulating  atatioD  in  Draycott-place,  and 
accumulating  stations  at  Clabon-mews  and  Pavilion -road. 
The  batteries  at  the  accumulator  stations  are  charged  from 
the  generating  station  in  Draycott-place  by  charging  mains 
at  a  pressure  of  3,000  volts.  From  these  accumulating 
stations  the  distributing  mains  carry  the  current  direct  to 
the  consumers'  premises  at  a  pressure  of  100  volts. 
(S)  The  Londtm  Electric  Su^j)  Corporation. 

The  system  adopted  by  this  company  is  a  supply  by 
means  of  high-pressure  alternating  currents  ana  trans- 
formers. 

The  company  have  a  generating  station  at  Deptford, 
from  whence  trunk  mains  carry  currents  at  a  pressure  of 
10,000  volts  to  transforminK  stations.  From  these  stations 
the  currents  will  be  taken  by  means  of  distributing  mains 
at  a  pressure  of  2,400  volts  to  the  consumers'  premises, 
where  it  will  then  be  transformed  into  100  or  50  volts,  as 
desired,  by  means  of  a  transformer  on  the  premises. 

This  company's  system  is  not  yet  completed,  and,  at 
present,  I  believe  the  electricity  Bt^)plied  in  Chelsea  is  gene 
rated  at  their  Qrosvenor  station. 

{9)  The  Cadogan  Blectric  Ught  Gimpa/ny. 

The  system  of  supply  adopted  by  this  company  is  that 


tributing  mains  take  a  current  of  about  2,000  volts  pressure 
to  the  consumers'  premises,  where  each  consumer  has  his 
own  secondary  battery,  wliich  is  charged  by  the  distributing 
main,  and  from  which  his  house  is  supplied. 

At  the  commencement  of  the  year  the  electric  light 
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companies  stood  in  the  following  positions  with  reference 
to  the  Vestry. 

(1)  The  Chelsea  Electricity  Supply  Company,  under  the 
terms  of  the  Electric  Lighting  Order  Confirmation  Act, 
1886,  were  proceeding  to  lay  down  distributing  mains 
through  the  streets  mentioned  in  Schedule  A  of  that  Act, 
and  also  in  the  streets  of  certain  additional  areas  which  had 
been  added  with  the  consent  of  the  Vestry. 

The  area  in  which  they  had  thus  been  authorised  to  lay 
their  mains  may  roughly  be  described  as  the  Chelsea  portion 
of  the  Hans  Town  Ward  (except  the  portion  north  of  Hans- 
road  and  Cadogan-place  North)  with  the  addition  of  the 
Leete^treet  and  Sloane-gardens  estates. 

(2)  The  London  Electric  Supply  Corporation  had  received 
the  sanction  of  the  Vestry  to  their  application  to  lay  down 
an  underground  cable  along  Payilion-road,  and  were  pro- 
ceeding with  that  work,  although  the  Vestry  had  resolved 
to  oppose  their  application  for  a  provisional  order  so  that 
they  zoight  get  certain  modifications  made  therein. 

(3)  The  Cadogan  Electric  Light  Company  were  supply- 
ing electricity  to  various  houses  in  the  parish  by  means  of 
overhead  cables,  and  had  also  obtained  the  sanction  of  the 
Vestry  to  lay  an  underground  cable  from  their  works  along 
the  embankment  to  within  a  short  distance  of  Tite-street 

This  company  had  not  obtained  a  provision^il  order  nor 
had  expressed  any  intention  of  applying  for  one. 

The  first  step  taken  by  the  Vestry  during  the  year 
1889*90  was  to  withdraw  their  opposition  to  the  London 
Electric  Supply  Corporation's  provisional  order.  After  a 
somewhat  lengthy  enquiry  by  Major  Marindin  en  behalf  of 
the  Board  of  Trade,  tiie  London  Company  were  granted 
their  order,  which  was  subsequently  confirmed  by  the 
Electric  Lighting  Orders  Confirmation  (No.  2)  Act,  1889. 
By  this  order  this  company  are  bound  to  lay  distributing 
mains  within  two  years  in  King's-road,  east  of  Church- 
street,  Church-street,  Elm-park-gardens,  Elmjpark-road, 
and  Chelsea  Embankment  from  Oakley-street  to  Tite-street. 

Since  the  granting  of  their  order,  however,  the  London 
Electric  Supply  Corporation  have  not  carried  out  an^ 
works  in  Chelsea,  with  the  exception  of  carrying  a  venti- 
lating pipe  from  their  main  in  Pavilion-road  into  the  area 
of  No.  22. 

Their  main  is  laid  just  within  the  parish  boundary  at 
the  north  end  of  Sloane-street,  through  the  north  side  of 
North-street  as  far  as  Pavilion-road,  and  throughout 
Pavilion-road. 

At  the  end  of  the  year  this  company  were  only  supplying 
light  to  one  house  in  Hans-pkce. 

In  May  the  Chelsea  Electricitv  Supply  Company  made 
application  to  the  Vestry  to  be  allowed  to  lay  mains  to  the 
boundary  of  the  parish  in  order  to  supply  a  portion  of 
Kensington  parish.  After  the  subject  had  been  considered 
by  the  Vestry,  and  an  i^eement  had  been  entered  into  by 
the  Chelsea  Electricity  Supply  Company,  their  application 
was  granted. 

The  same  companv  added  to  their  area  of  supplv  the 
portion  of  the  parish  north  of  Hans-road  and  Cadogan- 
place. 

They  also  made  application  to  the  Board  of  Trade  and 
the  Vestry  to  be  released  from  their  obligations  to  lay  mains 
in  Walton-street,  D'Oyley-street,  Little  Cadogan-place,  Ellis- 
street,  and  Cadogan-street,  as  they  found  that  there  was  no 
demand  for  electricity  in  these  streets. 

As  this  application  was  received  during  the  vacation,  I 
communicated  with  the  chairman  of  the  Electric  Lighting 
Committee,  and  informed  the  Board  of  Trade  that  if  it  was 
clearly  understood  that  the  suspension  of  the  company's 
obligations  would  only  continue  until  a  demand  for  elec- 
tricity arose  in  these  streets  no  objection  would  be  offered 
to  such  conditional  suspension. 

During  the  summer  the  Board  of  Trade  issued  a  copy  of 
regulations  for  the  safe  and  sufficient  supply  of  electrical 
energy.  The  draft  of  these  regulations  having  first  been 
submitted  to  the  Vestry  was  amended  in  accoraance  with 
their  wishes.  A  copy  of  these  regulations  was  subsequently 
served  upon  the  Chelsea  Electricity  Supply  Company,  and 
in  accordance  with  their  provisions  the  company  nave  fixed 
a  Cardew^s  voltmeter,  the  readings  of  which  are  taken  at 
intervals  of  15  minutes  between  sunset  and  midnight^  and 
intervals  of  one  hour  between  6  a.m.  and  sunset 


Only  one  case  of  the  absence  of  statutory  pressure  in 
electric  mains  has  been  broueht  to  the  notice  of  the  Vestry. 
In  this  case  Mr.  R.  Chamberkin,  M.P.,  of  Cadogan-aquare, 
fixed  a  meter  in  his  own  house,  and  found  that  on  certain 
days  the  pressure  had  been  below  the  limits  permitted  by 
the  Board  of  Trade.  This  deficiency  in  pressure  was 
probably  owing  to  the  fact  that  the  electric  light  company 
were  at  that  time  using  tempoiarily  a  charging  station  at 
some  distance  from  Cadogan-square. 

The  Vestry  left  the  matter  in  the  hands  of  the  Board  of 
Trade,  and  no  further  complaint  has  since  been  received. 

The  Chelsea  Electricitv  Supply  Com^ny's  mains  are  now 
laid  in  Pavilion-road,  Sloane-street,  Hans-place,  Lennox- 
gardens,  Leete-street,  Sloane-gardens,  Cadogan-place,  and 
the  various  streets  enumerated  in  their  Schedule  A,  and 
they  are  now  supplying  electricity  as  follows : 

Name  of  street  No.  of  houses  sapplied. 

Herbert-crescent 5 

Hans-road 1 

Hans-place    8 

Lennox-gardens 9 

Cadogan  square    23 

Pont-street  II 

Sloane-street    13 

Cadogan-place 14 

Lower  Sloane-street 6 

Sloane-gardens 14 

Cadogan-gardens 3 

Cadogan-terrace   6 

113  honaes 

In  August  the  Board  of  Trade  served  a  copy  of  their 
regulations  as  to  overhead  wires  upon  the  Caaogan  Elec- 
tric Light  Company.  These  regulations  were  submitted  to 
the  Vestry,  but  it  is  not  part  of  their  duty  to  see  that  they 
are  properly  adhered  to. 

The  Cadogan  Co.  made  no  application  to  the  Vestry  of 
any  importance  during  the  year,  1889-90.  They  are  at 
present  supplying  about  25  houses,  and  the  total  number 
of  lamps  in  them  is  about  3,000. 

There  are  therefore  in  Chelsea  actually  using  the  electric 
light  about  139  houses,  supplied  as  follows — ^viz. : 

Chelsea  Electricity  Supply  Co 113  houses. 

Cadogan  Electric  Light  Uo 25       „ 

London  Electric  Supply  Corporation       1       „ 

139 

It  should  be  borne  in  mind  that  the  desire  for  electric 
light  in  Chelsea,  is  not,  as  in  most  parishes,  an  outcome  of 
the  electric  lighting  mania  of  1882,  but  dates  from  some  four 
years  prior  to  that  period,  and  that  what  at  first  sight  looks 
like  slow  progress,  is  really  the  natural  growth  of  an  im- 
portant industry  which  in  each  stage  of  its  advancement 
bears  marks  of  the  careful  attention  bestowed  upon  it  by 
the  Chelsea  Vestry. 


THE  ELECTROHAGNET.'' 

BT  FBOF.   SILVAimS  P.   THOMPSON,  D.80.,   B.A.,  M.I«EwKi 
LbCTXTRB  I. — HiSTOBICAL  SkBTOH. 

(OofUvnued  from  page  245, ) 

In  1840,  after  Sturgeon  had  removed  to  Idanohester,  where 
he  assumed  the  management  of  the  '*  Victoria  Gkileiy  of  Prac- 
tical Science,"  he  continued  his  work,  and  in  the  seventh 
memoir  in  his  series  of  researches  he  wrote  as  follows : 

**  The  electromagnet  belon^ng  to  this  institation  is  made  of 
a  cylindrical  bar  of  soft  iron  bent  into  the  form  of  a  horseshoe^ 
magnet,  having  the  two  branches  parallel  to  eaicb  other  and  at 
the  distance  of  4 'Sin.  The  diameter  of  the  iron  is  2'75ia.; 
it  is  18in.  long  when  bent.  It  is  surrounded  by  14 
coils  of  copper  wire,  seven  on  each  branch.  The  wire  which 
constitutes  the  coils  is  l-12th  of  an  inch  diameter,  and  in  each 
coil  there  are  about  70ft.  of  wire.  They  are  united  in  the 
usual  way  with  branch  wires,  for  the  purpose  of  conducting 
the  currents  from  the  battery.  The  magnet  was  made  by  Mr. 
Nesbit.  .  .  .  The  greatest  weight  sustained  by  the  magnet 
in  these  experiments  is  12|cwt.,  or  1,3861b.,  which  was 
accomplished  by  16  pain  of    plates,  in  four  groups  of  four 

*  Guitor  Lecture,  dellTered  before  the  Society  of  Art 
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fain  in  boHm  omiIi.  The  lifdng  ^wer  l^  19  p&in  in  seriea 
wu  eoDaider&bly  Iwa  than  hj  10  pau«  ia  seriei ;  utd  but  very 
little  greatAF  tlun  that  given  by  one  call  or  one  pair  only. 
This  is  BOmswhnt  remarkable,  aud  shows  how  eanly  we  may 
be  led  to  waste  the  m^netic  powers  of  batteriei  by  an 
injudidoiu  arranaement  of  ito  elemenla." 

At  the  date  of  Sturgeon's  work  the  laws  governing  the  flow  of 
electric  currents  in  wires  were  still  obscure.  Ohm's  epoch- 
making  enunciation  of  the  law  of  the  electric  OLTOiiit  appeared  in 
"Po^endorfi's  Annalen,"  in  the  very  year  of  Sturgeon's 
discovery,  1825,  though  his  complete  book  app^red  only  in 
1827,  and  his  work,  translated  by  Dr.  Francin  into  English, 
only  appeared  (in  Taylor's  "Scientific  Memoirs,"  vol.  ii.)  in 
1841.  Without  the  guidance  of  Ohm's  law  it  wu  nob  strange 
that  even  the  most  able  experimenters  should  not  understand 
the  relations  between  battery  and  circuit  which  would  give  them 
the  best  effects.  These  had  to  be  found  by  the  painfiu  method 
of  trial  and  faUure.  Pre-eminent  amongst  those  who  tried  was 
Prof.  Joseph  Henry,  then  of  the  Albany  Institute,  in  New 
Tork,  later  of  Princeton,  New  Jersey,  who  succeeded  in  effecting 
an  important  improvement.  In  1828,  led  on  by  a  study  of  the 
"  multiplier  "  (or  galvanometer),  he  proposed  to  appl^  to  electro- 
magnetic apparatus  the  device  of  wini^ng  them  with  a  spiral 
cuilof  wire  closely  turned  on  itself,"  the  wire  being  of  copper 
from  l-40th  to  l-25th  of  an  inch  in  diameter,  covered  with  suk. 
In  1831  he  thai  describes  the  resulu  of  bis  eiperimenta  : 

"A  roaiid  piece  of  iron,  about  ^  of  an  inch  in  diamet«r,  was 
bent  into  the  usual  form  of  a  horseshoe,  and  instead  of  loosely 
coiling  around  it  a  few  feet  of  wire,  as  is  usually  described,  it 
was  tightly  wound  with  35ft.  of  wire  covered  with  silk,  so  as  to 
form  about  400  turns  ;  a  pair  of  small  galvanic  plates,  which 
could  be  dipped  into  a  tumbler  of  diluted  acid,  was  soldered  to 
the  ends  of  the  wire,  and  the  whole  mounted  on  a  stand. 
With  these  small  plates  the  horseshoe  became  much  more 
powerfully  magnetic  than  another  of  the  same  size,  and  wound 
in  the  same  manner,  by  the  application  of  a  battel  composed 
□f  28  plates  of  oopper  and  ztnc,  each  Sic.  square.  Another 
convenient  form  of  this  apparatus  was  contrived  by  winding  a 
straight  bar  of  iron,  9in.  long,  with  35ft.  of  wire,  and  supportintc 
it  horiiontally  on  a  small  cup  of  copper  containing  a  cyhnder  of 
Einc — when  thia  cup,  which  served  toe  double  purpose  of  a  stand 
and  the  galvanic  element,  was  filled  with  dilute  acid,  the  bar 
became  a  portable  electromagnet.  These  articles  were  exhibited 
to  the  institute  in  March,  1^9.  The  idea  afterwards  occurred 
to  me  that  a  sufficient  quantity  of  galvanism  was  furnished  l^ 
the  two  small  plates  to  develop,  by  means  of  the  coil,  a  much 
greater  mimetic  power  in  a  larger  piece  of  iron.  To  t«Bt  this, 
a  (yiindrioaJ  bar  of  iron,  ^in.  in  diameter,  and  about  lOin.  long, 
was  bent  into  the  shape  of  a  horseshoe,  and  wound  with  30ft.  of 
wire.  With  a  pair  of  plates  oontaining  only  2^  square  inches  of 
one,  it  lifted  IGlb.  avoirdupois.  At  the  same  time,  a  veiy 
material  improvementin  the  formation  of  the  coil  suggested  itself 
to  me  on  reading  a  more  detailed  account  of  Prof.  Schweigger's 
galvanometer,  and  which  was  also  test«d  with  complete  success 
upon  the  same  horseshoe  ;  it  consisted  in  using  several  strands 
□I  wire,  each  covered  with  silk,  instead  of  one.  Agreeably  to 
this  oonstruction,  a  second  wire,  of  the  same  length  as  the  nrst, 
wss  wound  over  it,  and  the  ends  soldered  to  the  zinc  and  copper 
in  snch  a  manner  that  the  galvanic  current  might  circulate  in 
the  same  direction  in  both,  or,  in  other  words,  that  the  two 
wires  might  act  as  one ;  the  effect  by  this  addition  was  doubled, 
ss  the  horaeshoe,  with  the  same  plates  before  used,  now  sup- 
ported 28Ib.  Wilh  a  pair  of  plates  4in.  by  6in.,  it  lifted  391b., 
or  more  than  fifty  times  its  own  weight. 

"These  experiments  conclusively  proved  that  a  great  deve- 
lopment of  magnetism  could  be  effected  by  a  very  small  gal- 
vanic element,  and  also  that  the  power  of  the  ooil  was  materially 
increased  by  multiplying  Che  number  of  wires  without  increasing 
the  number  of  each. " 

Not  content  with  these  results  Prof.  Henry  pushed  forward  on 
the  line  he  bad  thus  struck  out.  He  was  keenly  desirous  to  ascer- 
tsin  how  large  a  maeaetic  force  be  could  produce  when  nsing 
only  current  of  such  a  degree  of  smallness  as  could  be  trans- 
mitted through  the  comparatively  thin  copper  wires,  such  as 
bell-hangen  use.  During  the  year  1830  he  made  great  prioress 
in  this  direction,  as  the  following  extracts  show  ; 

"In  order  to  determine  to  what  extent  the  coil  could  be 
applied  in  developing  magnetism  in  soft  iron,  and  also  to  ascer- 
tun,  if  possible,  the  most  proper  lengQi  of  the  wires  to  be  used, 
s  series  of  experiments  was  instituted  juintly  by  Dr.  Philip  Ten 
Eyck  and  myself.  For  this  purpose  1,060ft.  (a  little  more  than 
one-fifth  of  a  mile)  of  copper  wire  of  the  kind  called  bell  wire, 
■045  of  an  inch  in  diameter,  were  stretched  several  tdmea  across 
the  large  room  of  the  Academy. 

"&^eriraaU  1. — A  galvanic  current  from  a  single  piur  of 
[istea  of  copper  and  zinc  Sin.  square  was  passed  tnrough  the 
whole  lengtn  of  the  wire,  and  the  effect  on  a  galvanometer 
Doted.  From  the  mean  of  several  observations  tbe  deflection 
of  the  needle  was  ISdeg. 

"  Experaiunt  2. — A  current  from  the  same  pUtes  was  passed 
through  half  the  above  length,  or  590ft,  of  wire ;  the  deflection 
in  'his  initimrn  was  Zldeg. 


"  By  a  reference  to  a  trigonometrical  table,  it  will  be  seen 
that  the  natural  tangeuts  of  ISdeg.  and  21deg.  are  vary  nearly 
in  the  ratio  of  the  square  roots  of  1  and  2,  or  of  the  relative 
lengths  of  the  wires  in  these  two  experiments. 

"The  length  of  the  wire  forming  the  galvanometer  maybe 
neglected,  as  it  was  only  8ft.  long. 

".Eqwrimwii  3.— The^vanometer  was  now  removed,  and 
the  whole  length  of  the  wire  attached  to  the  ends  of  the  wire  of 
a  small  soft  iron  horseshoe  4in.  in  diameter,  and  wound  with 
about  8f  b.  of  copper  wire  with  a  galvanic  current  from  the  plates 
used  m  Experiments  1  and  2.  The  magnetism  was  scarcely 
observable  in  the  horseshoe. 

"  Ex^riment  4. — The  small  plates  were  removed,  and  a 
battery  composed  of  a  piece  of  zinc  plate  4in.  by  7in.,  sur- 
rounded with  copper,  was  substituted.  When  this  was  attached 
immediately  to  the  ends  of  the  8ft.  of  wire  wound  round  the 
horseshoe,  the  weight  lifted  was  4^Ib.  When  the  current  was 
passed  through  the  whole  length  of  wire(l,060ft.)  it  lifted  about 


"  EscperimeiU  5.— The  currant  v 
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!  passed  through  half  the 
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^' Experitnent  6. — Two  wires  of  the  same  length  as  in  the  last 
experiment  were  used,  so  as  to  form  two  strands  from  the  zinc 
and  copper  of  the  battery  ;  in  thia  case  the  weight  lifted  was 

"  Exptriment  7. — The  whole  lenKthof  the  wire  was  attached 
to  a  small  trough^on  Mr.  Cruickshanki's  plan — containing 
25  double  plates,  and  presenting  exactly  the  aame  extent  of 
zinc  surface  to  the  action  of  the  acid  as  the  battery  used  in 
the  last  experiment.  The  weight  lifted  in  this  case  was  8oz. ; 
when  the  intervening  wire  was  removed,  and  the  trough  attached 
directly  to  the  ends  of  the  wire  surrounding  the  horseahoe.  it 
lifted  only  7oz. 

"It  is  possible  that  the  different  states  of  the  trough,  with 
respect  to  dryness,  may  have  exerted  some  influence  on  this 
remarkable  result ;  but  that  the  effect  of  a  current  from  a 
trough,  if  not  increased,  is  but  slightly  diminished  in  passing 
through  a  long  wire  is  certun. 


Fio,  5. — Henry's  Electromagnet 

This  figure,  copied  from  iito  Seienti/ie  Amtriean,  December  II, 
18S0,  repreoente  Henry's  deobromagnet,  still  preserved  in  Prinoe- 
tOD  College.  The  other  apparatus  at  the  foot,  mdoding  a  current- 
reverser,  and  the  ribbon  coil  used  in  the  famous  experiments  on 
se'  --dary  and  tertiary  currents,  were  mostly  constructed  by 
Ht      '''  pwn  hands. 

"  .  le  t^B  as  it  ma^,  the  fact  that  the  magnetio  action  of 
a  oun  ..  from  a  trough  is,  at  least,  not  sennbly  diminished  by 
__  jg  through  a  lon^  wire  is  directly  ap^cable  to  Mr 
rlow's  project  of  forming  an  electromagnetio  telegraph,  ondib 
also  of.  material  oonsequence  in  the  construction  of  the 
galvanic  coil.  From  these  experiments  it  is  evident  that  in 
forming  the  coil  we  may  eitlier  use  one  very  long  wire  or  several 
shorter  ones,  as  the  circumstances  m^  require ;  in  the  first 
oaae,  our  galvaait  combiaotians  must  oonwstof  (^  autuberof 
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plates,  8o  as  to  give  *  projectile  force ' ;  in  the  second  it  most  be 
jormed  of  a  single  pair. 

"  In  order  to  tMt  on  a  large  scale  the  truth  of  these  pre- 
liminary results,,  a  bar  of  soft  iron,  2in.  square  and  20in.  long, 
was  bent  into  the  form  of  a  horseshoe,  9iin.  high  ;  the  sharp 
ed^es  of  the  bar  were  first  a  little  rounded  by  the  hammer,  it 
weighed  211b. ;  a  piece  of  iron  from  the  same  bar  weighing  71b. 
was  filed  perfectly  flat  on  one  surface,  for  an  armature  or  fifter; 
the  extremities  of  the  legs  of  the  horseshoe  were  also  truly 
ground  to  the  surface  of  the  armature  ;  around  this  horseshoe 
540ft.  of  copper  bell  wire  were  wound  in  nine  coils  of  60ft. 
each  ;  these  coils  were  not  continued  around  the  whole  length 
of  the  bar,  but  each  strand  of  wire  according  to  the  principle 
before  mentioned,  occupied  about  2in.,  and  was  coiled  several 
times  backward  and  forward  over  itself  ;  the  several  ends  of  the 
wires  were  left  projecting  and  all  numbered,  so  that  the  first 
and  last  end  of  each  strand  might  be  readily  distinguished.  In 
this  manner  we  formed  an  experimental  magnet  on  a  large 
scale,  with  which  several  combinations  of  wire  could  be  made 
by  merely  uniting  the  different  projecting  ends.  Thus,  if  the 
second  end  of  the  first  wire  be  soldered  to  the  first  end  of  the 
second  wire,  and  so  on  through  all  the  series,  the  whole  will 
form  a  continued  coil  of  one  long  wire. 

**  By  soldering  different  ends  the  whole  may  be  formed  into  a 
double  coil  of  hsdf  the  length,  or  into  a  triple  coil  of  one-third 
the  length,  etc.  The  horseshoe  was  suspended  in  a  strong 
rectangular  wooden  frame,  3ft.  Oin.  high  and  20in.  wide,  an 
iron  bar  was  fixed  below  the  magnet,  so  as  to  act  as  a  lever  of 
the  second  order ;  the  difterent  weights  supported  were  estimated 
by  a  sliding  weight  in  the  same  manner  as  with  a  common  steel- 
yard (see  sketch).  In  the  experiments  immediately  following 
^aU  weights  beii^^  avoirdupois)  a  small  single  battery  was  used, 
consisting  of  two  concentric  copper  cylinders  with  sine  between 
them ;  the  whole  amount  of  zmc  surface  exposed  to  the  acid 
from  both  sides  of  the  zinc  was  2-5th  of  a  square  foot ;  the  bat- 
teiy  required  only  half  a  pint  of  dilute  acid  for  its  submersion. 

*^  RKperimeni  B. — ^Each  wire  of^the  horseshoe  was  soldered 
to  the  battery  in  succession,  one  at  a  time ;  the  magnetism 
developed  by  each  was  just  sufficient  to  support  the  weight  of 
the  armature,  weighing  71b. 

**  ExperimeWb  9. — ^Two  wires,  one  on  each  side  of  the  arch  of 
the  horseshoe,  were  attached ;  the  weight  lifted  was  1451b. 

**  J^jcperimetU  10. — With  two  wires,  one  from  each  extremity 
of  the  legs,  the  weight  lifted  was  2001b. 

**  ExperifMnt  11. — ^With  three  wires,  one  from  each  extremity 
of  the  legs  and  one  from  the  middle  of  the  arch,  the  weight  sup- 
ported was  3001b. 

*^  Ihy)eriment  12. — With  four  wires,  two  from  each  extremity, 
the  weight  lifted  was  5001b.  and  the  armature  ;  when  the  acid 
was  removed  from  the  zinc,  the  magnet  continued  to  support  for 
a  few  minutes  1301b. 

^^  Experiment  13. — ^With  six  wires  the  weight  supported  was 
5701b. ;  in  all  these  experiments  the  wires  were  soldered  to  the 
galvanic  element ;  the  convexion  in  no  case  was  formed  with 
mercury. 

**  Experiment  14. — When  all  the  wires  (nine  in  number)  were 
attached,  themaxim/wn  weight  lifiedwas  6501b.,  and  this  astomsh- 
ing  result,  it  must  be  remembered,  was  produced  by  a  batteiy 
containing  only  2-5ths  of  a  square  foot  of  zinc  surface,  and 
requiring  only  half  a  pint  of  dilute  acid  for  its  submersion. 

^^  EoBftriment  lb, — A  small  battery,  formed  with  a  plate  of 
zinc  12m.  long  and  6in.  wide,  and  surrounded  by  copper,  was 
substituted  for  the  ^vanic  elements  used  in  the  last  experi- 
ment ;  the  weight  lifted  in  this  case  was  7501b. 

'*  Experimef^  16. — In  order  to  ascertain  the  effect  of  a  very 
small  galvanic  element  on  this  large  quantity  of  iron,  a  pair  of 
plates,  exactly  lin.  square,  was  attached  to  all  the  wires ;  the 
weii^ht  lifted  was  851b. 

"The  following  experiments  were  made  with  wires  of 
different  length  on  the  same  horseshoe. 

*^  Experiment  17. — With  six  wires,  each  30ft.  long,  attached 
to  the  galvanic  element,  the  weight  lifted  was  3751b. 

*^  Experiment  18. — The  same  wires  used  in  last  experiment 
were  united  so  as  to  form  three  coils  of  60ft.  each  ;  the  weight 
supported  was  2901b.  This  result  a^ees  nearly  with  that  of 
experiment  11, 'though  the  same  individual  wires  were  not  used  ; 
from  this  it  appears  that  six  short  wires  are  more  powerful  than 
three  of  double  the  length. 

**  Experiment  19. — ^The  wires  used  in  Experiment  10,  but 
united  so  as  to  form  a  single  coil  of  120ft.  of  wire,  lifted  601b., 
while  in  Experiment  10  the  weight  lifted  was  2001b.     This  is  a 

confirmation  of  the  result  in  the  last  experiment 

**  In  these  experiments  a  fact  was  observed  which  appears 
somewhat  surprising.  When  the  large  battery  was  attached, 
and  the  armature  touching  both  poles  of  the  magnet,  it  was 
capable  of  supporting  more  than  7001b.,  but  when  only,  one  pole 
is  m  contact  it  did  not  support  more  than  51b.  or  61b.,  and  in 
this  case  we  never  succeeded  in  making  it  lift  the  armature 
(weighing  71b.).  This  fact  may,  perhaps,  be  common  to  all 
large  magnets,  but  we  have  never  seen  the  circumstance  noticed 

of  so  great  a  difference  between  a  single  pole  and  both 

"A  series  of  experiments  was  separately  instituted  by  Dr. 


Ten  Eyck,  in  order  to  determine  the  maximum  developmeDt 
of  mitfnetism  in  a  small  quantity  of  soft  iron. 

*'  Most  of  the  results  given  in  this  paper  were  witnessed  by 
Dr.  L.  C.  Beck,  and  to  this  gentleman  we  are  indebted  for 
several  suggestions,  and  particularly  that  of  substituting  cotton 
well  waxed  for  silk  thread,  which  in  these  investigations  became 
a  very  considerable  item  of  expense.  He  also  made  a  number 
of  experiments  with  iron  bonnet-wires,  which,  being  found  in 
commerce  already  wound,  misht  possibly  be  substituted  in  place 
of  copper.  The  result  was  that  with  very  short  wire  the  effect 
was  nearly  the  same  as  with  copper  ;  but  in  coils  of  long  wire 
with  a  small  galvanic  element  it  was  not  found  to  answer.  Dr. 
Beck  also  constructed  a  horseshoe  of  round  iron  lin.  in  diameter, 
with  four  coils,  on  the  plan  before  described.  With  one  wire  it 
lifted  301b.,  with  two  wires  601b.,  with  three  wires  851b.,  and 
with  four  wires  1121b.  While  we  were  engaged  in  these 
investigations,  the  last  number  of  the  Edinburgh  Journal  of 
Sdence  was  received  containing  Prof.  Moll's  paper  on  '  Electro- 
Mi^netism.'  Some  of  his  results  are  in  a  degree  similar  to 
those  here  described.  His  object,  however,  was  different,  it 
being  only  to  induce  stromt  magnetism  on  soft  iron  with  a 
powerful  galvanic  batteiy.  The  principal  object  in  these  experi- 
ments was  to  produce  the  greiSbest  magnetic  force  with  the 
smiUlest  quanti^  of  galvanism.  The  oiuy  effect  Prof.  Moll's 
paper  has  had  over  these  investigationa  has  been  to  hasten  their 
publication.  The  principle  on  which  they  were  institnted  was 
Known  to  us  nearlj^  two  vears  since,  and  at  that  time  exhibited 
to  the  Albany  Institute. 


Fio.  6.— Henry's  Experimental  Electromagnet. 

In  the  next  number  of  8iUiman*B  Journal  (April,  1831), 
Prof.  Henry  gave  *' an  account  of  a  large  electromagnet,  made 
for  the  laboratory  of  Tale  College.''  The  core  of  the  armature 
weighed  59ilb.  It  was  forged  under  Henry's  own-  direction, 
and  wound  by  Dr.  Ten  Eyck.  This  magnet,  wound  with  26 
strands  of  copper  bell  wire  of  total  length  of  728ft.,  and  excited 
by  two  cells  wnich  exposed  nearly  4  7-9  square  feet  of  surface, 
readily  supported  on  its  armature,  which  weighed  23Ib.,  a  load 
of  2,0631b. 

Writing  in  1867  of  his  earlier  experiments,  Henry  speaks  thus 
of  his  ideas  respecting  the  use  of  sdditional  coils  on  the  magnet 
and  the  increase  of  battery  power  : 

"  To  test  these  principles  on  a  lar|[er  scale,  the  experi- 
mental magnet  was  constructed,  which  is  shown  in  Fig.  6. 
In  this  a  number  of  compound  helices  was  placed  on 
the  same  bar,  their  ends  left  projecting,  and  so  numoered  that 
they  could  all  be  united  into  one  long  helix,  or  variously  com- 
bined in  sets  of  lesser  lenii^h. 

'*  From  a  series  of  experiments  with  this  and  other  magnets, 
it  was  proved  that  in  ozder  to  produce  the  greatest  amount  of 
magnetism  from  a  battery  of  a  single  cup  a  number  of  helices  is 
required  ;  but  when  a  compound  battery  is  used  then  one  long 
wire  must  be  employed,  making  many  turns  around  the  iron,  the 
length  of  wire  and  consequently  the  number  of  turns  being 
commensurate  with  the  projectile  power  of  the  batteiy. 

(To  he  contirvued,) 


THE    BRITISH   ASSOCIATION   AT   LEEDS. 


PRESIDENTIAL  ADDRESS  BY  SIR  FREDK.  AUGUSTUS 
ABEL,  G.B.,  D.C.L.,   D.So.,  F.R.S.,  &c 

{Continued  from  page  giS,) 

The  extensive  use  which  has  been  made  in  Germany  of  smokeless 
or  nearly  smokeless  powder  in  one  or  two  special  military  displays 
has,  however,  afforded  interesting  indications  of  the  actual  change 
which  IB  likely  to  be  wrought  m  the  conditions  under  which 
engagements  on  land  will  be  fought  in  the  future,  provided  these 
new  explosives  thoroughly  estabush  and  maintain  their  position  as 
safe  and  reliable  propelling  agents.  Although  the  powder  adopted 
in  Germany  is  not  actually  smokeless,  the  fumost  transparent  film 
uf  smoke  produced  by  independent  rifle-firing  is  not  visible  at  a 
distance  of  about  900  yards  ;  at  shorter  diBtanoes  it  preeents  the 
appearance  of  a  puff  from  a  cigar.  The  most  rapid  salvo-firing  by 
a  large  number  of  men  does  not  have  the  effBot  of  obscuring  t£em 
from  distant  observers.  When  machine  guns  and  field  srtillery 
are  fired  with  the  almost  absolutely  smokeless  powder  whidi  we 
are  employing,  their  position  is  not  readily  revealed  to  distant 
observers  by  toe  momentary  vivid  flash  of  flame  and  slight  cloud 
of  dust  produced. 

There  now  appears  little  doubt  that  in  future  warfare  belligerents 
on  both  sides  wiU  alike  be  users  pf  these  new  powders ;  the  screen- 
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NOTES. 


FenonaL — Mr.  A.  Grundy  is  retiring  from  the  firm  of 
Messrs.  Bailey  and  Onindy,  both  of  Amberley  Works  and 
Cambridgei  and  is  joining  the  staff  of  the  GiUcher  Com- 
pany fiom  October  1st. 

Ihitoh  Eleotrio  Tramways.— The  electric  tramway 
between  the  Hague  and  Scheveningen  had  to  be  stopped  a 
few  days  after  the  inaugurationi  as  the  sparking  was  such  as 
to  make  further  working  at  the  moment  impossible. 

Aoonmalator  Gars  at  Paris. — A  small  electric 
railway  by  accumulators  has  been  running  since  the  begin- 
ning of  September,  between  the  Ohevaux  de  Marly  and  the 
interior  of  the  Exposition  at  the  Palace  of  Industry. 

To  Use  the  Typewriter^ — ^The  American  Associated 
Press  has  given  instructions  to  its  telegraph  operators  to 
learn  the  manipulation  of  the  typewriter,  as  it  is  found 
that  this  instrument  materially  increases  the  speed  of 
receiying  messages. 

The  Order  Bxeeated.— A  Dubbo  (New  South  Wales) 
newspaper  claims  to  have  an  extensive  and  unique  circula- 
tion. A  man  advertised  in  it  recently  for  *'  an  electric 
battery  in  good  working  older,"  and  a  few  days  after- 
wards his  house  was  struck  by  lightning. 

Cricket  Match.  —  A  cricket  match  between  the 
employ^  of  Woodhouse  and  Bawson  and  those  of  Appleton, 
Burbey,  and  Williamson,  played  at  Brentwood  on  Saturday 
List,  resulted  in  a  slashing  victory  for  the  former,  by  331 
runs  to  46  :  Mr.  E  T.  Thomas's  97  was  a  large  contribu- 
tion. 

Feral  Sobmarine  Beat. — ^A  despatch  from  Madrid 
announces  that  the  Spanish  Naval  Board,  after  examining 
the  official  reports  and  other  papers  relating  to  Lieutenant 
Peral's  electric  submarine  vessel,  has  decided  to  advise  the 
(jovemment  to  construct  an  improved  submarine  boat  under 
the  direction  of  the  lieutenant. 

Lenden  Electric  Supply.— We  are  informed  by  the 
London  Electric  Supply  Company  that  their  underground 
mains  for  distributing  current  are  laid  in  Yictoria-streeti 
Parliament-street,  Whitehall,  Great  George-street,  and  the 
neighbourhood,  and  that  the  company  can  connect  installa- 
tions thereto  at  very  short  notice. 

Water4}as  at  Harrogate.— Crowds  of  people 
assembled  last  week  in  Harrogate  to  compare  the  lighting 
by  coal*ga8  and  water-gas,  equal  number  of  lights  on  both 
systems  having  been  lighted  in  tbe  streets.  The  general 
opinion  of  the  superiority  of  water-gas,  both  for  beauty  of 
appearance  and  for  illuminating  power,  seems  to  have  been 
expressed* 

Sleetric  Mining. — ^The  Lechner  electrical  mining 
machine,  which  is  manufactured  at  Pittsburgh,  has  been  put 
to  a  severe  test  at  the  mines  of  Capt.  Brown,  near  Boston, 
and  was  pronounced  an  unqualified  success.  In  five  minutes 
the  machine  cut  through  a  solid  piece  of  coal  3ft.  wide  and 
4ft  Tin.  deep.  Capt  Brown  has  been  greatly  interested  in 
this  machine,  and  now  intends  to  use  it  in  all  his  mines. 

City  Ughting. — ^Before  the  Court  of  Common  Council, 
Mr.  Altman  asked  the  chairman  of  the  Commissioners  of 
Sewers  if  he  could  give  any  information  as  to  the  progress 
made  towards  the  lighting  of  the  City  by  electricity.  Mr. 
Deputy.  Green  said  that  two  electrical  companies  had 
entered  into  provisional  orders,  and  those  orders  had  been 
since  granted  by  Parliament,  and  it  would  bQ  the  duty  of 


the  Commissioners  to  see  that  the  contracting  bodies  lost 
no  time. 

An  Bdisen  Tewer. — At  the  coming  electrical  exhibi- 
tion at  Minneapolis,  the  principal  feature  of  the  Edison 
exhibit  will  be  a  tower  about  70ft.  in  height  and  8ft  in 
diameter  in  the  middle.  This  tower,  which  is  of  I^ptian 
design,  will  bear  no  less  than  7,500  incandescent  lamps. 
From  its  apex  will  hang  festoons  of  lamps  in  various 
designs,  making  it  the  most  brilliant  thing  of  the  kind  in 
the  world. 

PersonaL — ^Mr.  W.  J.  Johnston,  the  proprietor  of  the 
EUdrical  Worlds  gave  us  a  look  in  this  week.  Mr.  Johnston 
is  staying  for  another  week  or  so  in  England,  and  is  intending 
to  visit  some  of  the  big  electrical  things  on  this  side,  and  to 
take  back  some  ideas  as  to  how  things  electrical  are  likely 
to  progress  during  the  next  year.  Talking  of  progress, 
Mr.  Johnston  seems  greatly  pleased  at  the  continued  success 
of  his  own  journal. 

Smoking  Ckmcert.— The  first  smoking  concert  of  the 
season  by  the  Electro-Harmonic  Society  takes  place 
to-night  (Friday)  at  the  Banquet-room,  St  James's  Hall 
Bestaurant,  at  eight  o'clock.  The  artistes  will  be  Master 
Steward,  Mr.  William  Nieholl,  Mr.  Arthur  Thompson, 
Mr.  W.  G.  Forington ;  violin,  Mr.  T.  £.  Gatehouse ;  solo 
piano,  Mr.  Alfred  Isard  ;  and  humorous  selections  by  Mr. 
Frederick  Upton. 

Pablic  Lighting  at  Cardigan. — ^A  dispute  is  pend- 
ing between  the  Town  Council  of  Cardigan  and  the  gas 
company  as  to  the  supply  of  gas  for  public  lighting.  The 
Corporation  desire  to  be  served  by  meter,  but  the 'gas 
company  refuse  to  enter  into  such  an  arrangement,  pre- 
ferring a  fixed  charge.  Threats  have  been  made  to  light 
the  town  with  oO,  but  in  the  meantime,  as  the  contract 
with  the  company  has  expired,  the  town  has  been  in  dark- 
ness for  several  nights. 

Telephony  at  Paris. — ^M.  de  Selves,  Director-General 
of  Posts  and  Telegraphs,  has  brought  forward  a  scheme  for 
the  complete  reorganisation  of  the  telephone  system  in 
Paris.  He  will  do  away  with  five  out  of  the  12  central 
exchanges,  and  replace  these  with  one  large  exchange,  to 
be  erected  in  three  years  near  the  Hotel  des  Postes,  at  a 
cost  of  800,000f.,  which  will  serve  6,000  to  8,800  sub- 
scribers. He  will  also  extend  the  telephone  service  in  the 
suburbs,  and  connect  these  with  the  central  bureau. 

Canterbury. — ^A  letter  was  read  at  the  meeting  of  the 
Canterbury  General  Purposes  Committee  last  week  from 
Mr.  Sydney  Morse,  4,  Fenchuroh4ivenue,  on  behalf  of  the 
Canterbury  Electricity  Supply  Company,  asking  them  to 
call  a  statutory  meeting  to  consider  the  company's  applica- 
tion for  a  provisional  order.  The  town  clerk  said  he  pro- 
posed replying  that  as  the  Council  had  decided  to  apply 
for  an  order  themselves,  they  were  not  likely  to  grant 
consent  to  the  company.  He  stated  further  that  the  order 
was  in  hand. 

llIagdebnrg«^The  Town  Council  of  Magdeburg  has 
set  aside  an  area  of  2,600  square  yards  in  the  north  of 
the  town  near  the  River  Elbe  in  order  to  erect  a  central 
station  with  a  capacity  of  70  arc  lamps  and  24,000  incan- 
descent lamps ;  the  plant  is  to  be  started  with  50  arc  lights 
for  the  illuminauion  of  the  streets,  and  8,000  incandescent 
lamps  for  private  consumers.  The  Gtund  Theatre,  which  was 
to  have  a  special  central  station  for  its  electric  lighting, 
will  now  be  supplied  from  the  public  mains,  either  direct 
or  by  accumulators. 
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Aoeomnlator  Cats  1b  Qemuuiy. — ^At  present  in- 
teresting experiments  are  made  on  the  line  between  Hild* 
burghansen  and  HeMborg  with  a  new  method  of  electric 
traction.  Whilst  on  the  tramways  at  Bremen  Exhibition 
and  Frankfort-on-Maine  the  overhead  wire  system  is 
employed,  a  new  aecumulator  car  manafactored  by 
Oerlikon,  Ziirich,  has  been  tried  here.  The  line  was  17 
miles  long,  the  radios  of  the  onnres  being  60  yards  and  the 
steepest  gradient  I  in  40,  and  the  time  required  to  make  the 
round  about  six  hours — say  three  miles  per  hour,  including 
stoppages. 

Old  Studants*  Aiinnal  Dinner. — ^The  sixth  annual 
dinner  of  the  Old  Students'  Association  will  take  place  at 
the  Holbom  Bestaurant  on  the  17th  inst  at  7.30  p.m. 
Tickets,  price  4s.  6d.  each,  may  be  obtained  from  the  secre- 
tary, 14,  Gar6eld<road.  The  committee  trust  the  members 
will  do  their  best  to  attend,  as  a  large  gathering  is  hoped 
for.  It  is  requested  that  members  will  communicate  with 
the  secretary  before  the  10th  inst,  stating  his  intention  of 
being  present^  or  his  inability  to  attend.  We  understand 
that  Mr.  W.  K  Esson  is  nominated  for  president  during 

the  ensuing  feAv. 

i 

Centnil  Statlens  at  Vienna.— Thei:e  are  at  present 
five  central  stations  in  Vienna :  (1)  Imperial  Continental 
Gas  Association  Station,  for  the  lighting  of  the  two  Court 
theatres ;  (2)  Berliner  Elektricitats  Werke,  Messrs.  Siemens 
and  Halske,  for  lighting  No.  L  town  division ;  (3  and  4) 
two  stations  of  the  Wiener  Elektricitats  Gesellschaft,  light- 
ing divisions  V.,  VI.,  and  YII. ;  (5)  the  station  of  the 
International  Elektricitats  Oesellschaft  (Ganz  and  Co.)  for 
the  whole  town.  The  latter  is  not  yet  complete,  and  will 
be  the  largest  of  the  five ;  alternate  currents  and  trans- 
formers will  be  used. 

WatitiihaHa. — There  is  noir  a  sudden  large  demand 
for  the  electric  light  in  almost  all  the  small  industrial 
towns  of  Westphalia  (Germany).  In  one  of  these  installa- 
tions the  price  of  one  incandescent  lamp  of  10  c.p.  will  be 
one  farthing  per  hour,  if  the  Town  Council  grants  a 
concession  for  20  years,  after  which  time  the  plant  may  be 
acquired  by  the  town.  Among  the  different  tenders  are 
also  those  of  the  International  Popp  Company,  which  have 
however,  as  is  understood,  very  little  chance  of  being 
accepted.  The  reason  for  this  sudden  demand  is  to  be 
found  in  the  expiration  of  the  gas  company's  contracts. 

Xleotrlo  Power  Hammer. — ^Electricity  is  ousting 
steam  in  many  directions,  so  why  not  also  the  steam 
hammer?  Mr.  Charles  J.  Van  Depoele,  whose  name  is 
well  known  in  electric  motor  work  in  America,  has  brought 
out  a  power  hammer  for  heavy  forgings  to  be  driven  by 
electricity.  In  this,  the  hammer,  or  tup,  is  connected  to  a 
reciprocating  piston,  and  this  piston  is  of  magnetic  material, 
moving  up  and  down  inside  a  series  of  magnetic  coils  or 
solenoids.  By  energising  these  coils,  any  rate  or  strength 
of  blow  IB  supposed  to  be  delivered,  and  the  regulation  of 
the  blows  is  made  by  the  means  of  a  simple  switch,  instead 
of  the  steam  valve  handle. 

liaaaebd  CMtloieni. — ^Any  fool  can  write  about  what 
he  knows^  but  it  takes  a  clever  man  to  make  people  believe 
what  he  wishes  them  to  believe  without  knowing  anything 
about  the  subject.  One  of  the  funniest  things,  and  at  the 
same  time  possibly  one  of  the  most  damaging  to  the  public, 
said  about  a  recent  electric  company,  was  as  big  an  instance 
of  mingled  acuteness  and  utter  ignorance  it  has  ever  been 
our  pleasure  to  see,    "  The  company  are  ^ing  to  use  the 


KF.S.  accumulator,"  it  was  said,  ''and  a  mighty  poor 
accumulator  it  is ;  it  weighs  some  2201b.,  and  only  gives 
out  two  volts — not  a  beggarly  1  per  cent!"  This  is 
enlightened  criticism  with  a  vengeance. 

Szpansieii  Generator. — ^A  curious  misapprehension 
of  the  function  of  a  heat  generator  of  electricity  (if  it  ever 
comes  to  actual  work)  is  shown  by  Mr.  W.  M.  Miner,  who, 
writing  in  the  N.Y.  Electrical  Engineer^  suggests  that  the 
heating  of  the  expansion  bars  recently  proposed  by  Edison 
should  be  done  by  the  alternate  current  instead  of  a  furnace ! 
One  may  ask  this  gentleman  (whose  article  is  given  a  lead- 
ing place),  how  is  the  alternate  current  itself  to  be 
generated?  It  would  be  a  pretty  specimen  of  direct 
generation  from  heat  to  generate  first  an  alternate  current 
by  engine  and  boiler,  then  reduce  this  to  heat,  and  convert 
it  again  to  electricity  by  expansion.  Mr.  Miner  must  try 
again. 

The  Telegraph  in  South  Aftioa.— The  latest 
advices  from  Capetown  state  that  the  telegraph  line  beyond 
Mafeking,  which  was  commenced  by  the  British  South 
Africa  Company  last  May,  has  been  completed  for  a  dis- 
tance of  265  miles.  It  is  now  within  50  miles  of  Falatswie, 
and  is  expected  to  reach  that  place  early  in  October.  The 
work  has  been  effected  across  a  thickly  wooded  country, 
as  the  most  direct  route  was  taken,  and  although  Khama 
and  other  chiefs  encouraged  their  men  to  join  the  working 
party,  the  natives  were  naturally  entirely  new  to  the  work. 
Pending  the  completion  of  the  line,  direct  communication 
with  Macloutsie  is  maintained  by  means  of  heliograph 
stations. 

Camhridse. — The  Electric  Lighting  Committee  of  the 
Cambridge  Town  Council  at  the  last  meeting  recommended 
that  certain  printed  regulations  for  the  supply  of  electric 
current  by  the  Corporation  to  public  and  private  buildings, 
and  the  rules  and  conditions  to  be  observed  in  the  installa- 
tion of  electric  conduotora  and  wires  in  buildings  intended 
to  be  connected  with  the  Corporation  electric  supply,  be 
adopted  by  the  Council.  Mr.  Whitmore,  who  introduced 
the  report,  said  it  was  most  important  that  a  code  of  rules 
should  be  adopted.  An  amendment  was  moved  referring 
the  matter  back  to  the  committee,  as  it  was  felt  that  the 
by-laws  should  not  be  put  forward  before  the  whole  question 
was  decided. 

Utilising  Water  Power  in  Franoe. — The  impetus 
given  to  the  utilisation  of  water  power  by  the  employment 
of  electricity  which  is  showing  itself  so  prominent  at  the 
present  moment  in  America,  Italy,  Switzerland,  and  on  the 
Bhine  in  Qermany,  seems  now,  according  to  information 
which  reaches  us  this  week,  to  be  spreading  in  the  same 
degree  in  France.  We  have  signalised  various  small 
installations  where  local  water  power  is  used  by  means  of 
turbines.  We  now  hear  that  a  lai^e  project  is  being 
seriously  put  forward — and  is  in  a  fair  way  of  actual  execu- 
tion— for  the  utilisation  of  the  River  Rhone  at  Lyons  in  the 
production  of  12,000  h.p.,  of  which  some  8,000  h.p.  is  to  be 
transmitted  to  various  mills  in  the  surrounding  districts. 
The  cost  of  this  undertaking  is  estimated  at  I7,000,000f. 

Weldinff  Bfaohinee  from  America. — ^The  Boston 
Herald  says  that  the  English  Electric  Welding  Syndicate 
has  just  placed  an  order  with  the  Thomson  Electric  Welding 
Company  for  16  welding  plants  for  various  classes  of  work 
from  wire  to  2in.  shafting.  Each  plant  is  to  be  complete  in 
itself,  and  ready  to  be  placed  with  different  manufacturera 
in  England,  who  are  waiting  for  them.  The  works  of  the 
welding  company  at  Lynn  are  crowded  to  their  utmost 
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with  home  orden,  and  it  will  be  at  least  six  montha  before 
they  can  complete  this  contract.  It  is  the  intention  of  the 
English  company  to  establish  works  of  its  own  near  London, 
but  until  this  can  be  done  the  American  company  will 
assist  in  every  way  possible.  A  contract  for  the  mutual 
interest  and  protection  of  both  companies  has  been 
executed  which  will  bring  the  companies  into  close 
relationship  in  the  future.  The  English  company  is  to  be 
brought  out  probably  in  November. 

Sanndenon's  Are  Lamp.— £a  Lumihre  Eledrique 
seems  to  have  a  peculiar  idea  of  Saunderson's  arc  lamp 
carbons.  According  to  a  note,  they  seem  to  think  that  a 
tube  from  an  ordinary  gas  bracket  is  led  to  the  carbon, 
and  the  hydrogen  of  lighting  gas  is  burnt  in  the  arc — "  the 
velocity  of  the  gas  being  reduced  by  the  asbestos  wick." 
The  question  is  asked,  and  very  rightly,  is  such  a  game 
worth  the  candle  t  We  should  hardly  think  it  would  be, 
indeed  I  The  simple  fact  in  the  original  description  has 
been  evidently  overlooked  that  the  hydrocarbon  (not 
hydrogen)  gas  is  generated  by  the  heat  of  the  arc  acting  on 
a  small  tube  of  "  vaseline"  or  thick  mineral  grease  placed 
at  the  bottom  of  the  hollow  carbon,  and  this  gas  it  is  that 
reinforces  the  arc.  There  is  no  question  that  if,  in  practice, 
the  arcs  give  double  the  light  for  the  simple  addition  of  a 
daub  of  vaseline  and  a  strip  of  asbestos,  the  game  would 
be  very  much  worth  the  candle. 

Central  Station  for  tlio  Canary  Isles.— A  plum  is 
offered  for  the  open  mouths  of  electrical  engineers.  Not 
often  do  we  find  a  town  of  16,000  inhabitants,  as  yet 
without  gas,  wishing  to  adopt  electricity  with  overhead 
distribution.  The  invidious  comparisons  and  the  opposi- 
tion of  gas  companies  would  thus  be  absent  Such  is  the 
case  of  Santa  Cruz,  capital  of  the  Canary  Isles,  the  autho- 
rities of  which  are  now  desirous  of  receiving  tenders  for 
the  complete  establishment  of  an  electric  lighting  scheme. 
It  is  necessary  to  add,  both  in  explanation  of  the  absence 
of  gas  and  as  a  condition  for  the  consideration  of  electric 
distributioDy  that  the  nature  of  the  ground  at  Santa  Cruz 
will  not  admit  of  any  kind  of  underground  distribution. 
The  site  of  the  town  is,  as  a  matter  of  fact^  so  very  hard 
that  even  the  number  of  holes  necessary  for  the  erection 
of  posts  must  be  stipulated  in  the  tender,  and  in  the  award 
the  number  will  be  dimmished  by  the  authorities  as  far  as 
possible. 

Kleetrio  Tramway  of  Budapest. — The  electric 
tramway  established  at  Budapest  by  Messrs.  Siemens  and 
Halske  seems  to  be  a  complete  success  both  technically 
and  financially.  The  line  is  on  the  underground  conduit 
system  and  is  7*9  kilometres  (just  about  five  miles)  in  total 
length,  extending  along  the  principal  streets  of  the  capital 
of  Hungary,  which  may  now  evidently  be  congratulated 
upon  being  the  most  advanced  in  city  electric  traction  in 
Europe.  Daring  the  month  of  April  the  cars  carried 
337,200  passengers  or  42,684  per  kilometre  per  month. 
Twenty  cars  are  running  every  day  on  ordinary  days  and 
24  cars  on  Sundays  and  fdte  days,  and  the  speed  of  the 
cars  is  11  miles  an  hour.  During  the  same  period  of  time, 
the  horse  tramway  of  the  town,  with  some  30  miles  of  route 
and  329  cars,  only  carried  33,074  passengers  per  kilometre, 
or  9,610  per  kilometre  less  than  the  electric  line.  During 
the  month  of  May  the  results  are  even  more  favourable,  as 
387,000  passengers  were  carried. 

DorUttiT  i>  Bicpeotaat. — At  the  last  meeting  of  the 
Dorking  Local  Board,  in  answer  to  a  question  by  Mr.  Clif t^ 
the  chairman  said  the  cost  of  public  lighting  by  gas  was 


£S0O  per  annum.  Mr.  Glif t  said  the  reason  he  asked  was 
that  Fareham,  in  Hants,  had  just  been  lighted  by  electricity 
and  it  had  been  a  great  success,  and  everybody  was 
delighted  with  it^  whilst  it  only  cost  £500  per  annum.  The 
chairman  said  that  the  Board  had  no  application  before 
them  to  light  the  town  by  electricity,  but  Mr.  Clift's 
remarks  would  be  useful  when  such  application  was  before 
them.  Mr.  Clift  thought  some  information  might  be 
obtained,  because  he  believed  the  time  would  eome  when 
they  must  have  the  electric  light,  and  the  sooner  the  betteri 
a  sentiment  that  was  applauded.  The  surveyor  promised 
to  obtain  all  the  information  that  was  required  and  lay  it 
before  the  Board  at  their  next  meetingi  when  the  whole 
question  will  be  gone  into. 

A  Primary  Battery  Slootrlo  Boat. — ^Mr.  Frank  A 
Ferrety  electrician  of  the  Elektron  Manufacturing  Company, 
of  Brooklyn,  well  known  as  the  inventor  of  the  Ferret 
motors  and  dynamos,  has  just  completed  a  new  electric 
boat  At  a  recent  trial,  says  the  Ekdrkal  fFarld,  six  cells 
of  ordinary  cautery  battery  of  his  own  construction  ran  the 
boat  very  successfully.  The  boat  is  described  as  being 
lightly  constructed,  of  canoe  shape,  and  capable  of  carrying 
two  persons.  The  motor  used  is  built  to  run  at  10  volts 
and  to  take  40  amperes  of  current.  Faddle  wheels  are 
used  which  feather  the  water  automatically,  the  paddles 
being  in  an  upright  |iosition  and  never  turning  over  as 
they  would  in  the  old  style  of  paddle  wheel.  In  the  test 
made  the  power  was  transmitted  from  the  motor  to  the 
paddle  wheel  shaft  by  a  single  round  belt,  and  the  battery 
is  said  to  have  furnished  enough  power  to  cause  the  belt  to 
slip.  The  solution  used  in  the  battery  is  composed  of 
chromic  acid  and  sea  water.  The  test  was  considered  a 
very  successful  one. 

CoToatry.— At  the  Coventry  City  Council  the  Qas 
Committee  recommended*  with  reference  to  the  notices 
received  from  three  electricity  oompanies  of  their  intention 
to  apply  to  the  Board  of  Trade  for  provisional  orders  to 
authorise  them  to  supply  electricity  for  publie  and  private 
piuposes  within  this  city,  that  the  consent  of  the  Council 
be  refused.  Mr.  Andrews  reminded  the  Council  that 
hitherto  the  Board  of  Trade  had  refused  orders  for  Coventiy. 
In  their  memorial  last  year  the  Council  said  when  they  could 
see  that  electric  lighting  could  be  reasonably  adopted,  and 
with  any  probability  of  its  being  supplied  at  reasonable 
price  and  with  some  profit^  they  would  themselves  take  it 
up.  So  far  as  could  be  ascertained  only  one  company  was 
paying  a  dividend,  and  at  Bradford,  where  the  Corporation 
worked  it  themsrives,  they  had  lost  £1,000  on  the  first 
year's  trading.  He  thought  it  would  be  safest  for  the 
present  to  decline  to  sanction  the  applications.  Mr.  Loudon 
seconded.  Although  he  regarded  the  electric  light  as  the 
light  of  the  future,  in  this  country  the  system  seemed  to  be 
in  a  state  of  chaos.    The  report  was  adopted. 

St.  Paneras  Contraote. — ^At  the  meeting  of  the  St 
Pancras  Vestry  the  Electricity  Committee  reported  that 
they  had  accepted  the  guarantees  proposed  in  regard  to  the 
following  contracts :  1.  Messrs.  Kirk  and  Randall,  for 
buildings.  3.  The  Babcock  and  Wilcox  Company,  for 
boilers,  etc.  3.  Messrs.  Willans  and  Bobinson,  for 
engines,  dynamos,  etc.  4  a&d  5.  The  Electric  Construction 
Corporation,  for  switchboards  and  batteries.  6.  Messrs. 
Mowlem  and  Co.,  for  trenches.  As  regards  Contract 
No.  7  for  electrical  conductors  with  Messrs.  Clark, 
Muirfaead,  and  Co.,  the  qnelition  was  left  over,  in 
consequence  of  the  gentlemen  proposed  as  sureties  being 
away  from  homCi  but  this  is  expected  to  be  settled  in  a  day 
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or  two.  The  aeveral  oontntete  and  boads  have  been  pre- 
pared by  the  solicitorB,  and  the  committee  have  given  direc- 
tions for  the  same  to  be  executed  as  speedily  as  possible. 
The  seal  of  the  Vestry  was  then  affixed  to  each  of  the 
contracts.  The  committee  have  had  the  site  in  Stanhope- 
street  cleared,  and  arrangements  are  being  made  for  hand- 
ing over  the  ground  to  Messrs.  Kirk  and  Bandall»  builders, 
during  next  week. 

Woolwioh. — ^Atthe  meeting  of  the  Woolwich  Local 
Board,  Mr.  Green  moved  that  the  electric  lighting  of  the 
district  should  be  entrusted  to  the  Board.  He  said  that 
it  was  only  a  question  of  a  few  years,  when  all  the  great 
monopolies  of  gas  and  water  would  be  acquired  by  various 
local  authorities  in  the  country.  If  they  granted  power  to 
a  local  company^  the  monopoly  could  not  be  acquired  by 
the  Board  under  42  years,  and  then  only  at  the  price 
stipulated  by  the  company.  He  wished  to  test  the  opinion 
of  the  Board.  Bev.  J.  W.  Horsley  said  that  he  had 
read  that  it  had  taken  Woolwich  20  years  before  they 
came  to  a  decision  to  use  gas,  and  he  hoped  that  even  if  the 
resolution  were  not  passed,  people,  20  years  hence,  would 
say  that  at  least  two  men  of  this  generation  were  in  favour 
of  the  local  authorities  dealing  with  the  question.  Mr. 
Vincent  suggested  that  they  should  wait  until  the  company 
had  been  successful.  Mr.  Grant  supported  the  resolution. 
Mr.  Taylor  said  that  the  company  would  limit  their  opera- 
tion to  the  parts  of  the  town  that  would  pay,  but  if  the  Local 
Board  took  over  the  work,  they  would  have  to  cover  the 
whole  district  There  voted  for  the  resolution  four,  against 
seven.    The  resolution  was  therefore  lost 

Miooked  fey  a  Moving  Footplatek — ^There  was  a 
curious  scene  in  Paris  the  other  day  (writes  a  correspondent 
of  the  DaUy  News)  just  outside  the  Ojiera  House.  Traffic 
was  in  full  swing,  when  a  lady  who  was  crossing  the  street 
and  had  got  on  to  one  of  the  refuges  sunk  to  the  ground 
with  a  scream.  She  had  put  her  foot  on  a  large  metal 
plaque,  and  immediately  felt  an  electric  shock.  The  usual 
crowd  collected,  and  the  usual  police  arrived.  But  the 
cause  was  clear  to  all  Quite  dose  to  the  scene  of  the  acci- 
dent was  a  standard  ol  clustered  electric  lights,  and  the 
wire  which  supplied  the  current  passed  close  to  the  metal 
plate.  With  great  presence  of  mind  the  police  sent  for 
several  electricians,  keeping  a  cordon  in  the  meantime  round 
the  plaque.  The  experts  went  to  work  quickly  and 
cautiously.  The  metal  plate  itself  was  raised.  It  com- 
municated with  one  of  the  subterranean  passages  that  lead 
to  the  drainage  system  of  the  city.  Then  at  last  the  cause 
of  the  accident  was  discovered.  A  workman  employed  in 
the  drains  wanted  to  emerge,  and  happened  to  push  up  the 
plate  at  the  moment  the  lady's  foot  was  on  it  Hence  the 
earthquake  and  the  shock.  Thereupon  the  crowd  dispersed, 
the  electricians  went  home,  the  police  preserved  impene 
trable  silence,  and  the  lady,  who  really  showed  considerable 
imagination,  decided  to  say  as  little  as  possible  about  the 
accident 

Starting  Cam. — ^CSar  starting  seems  to  be  a  prominent 
subject  in  America  just  at  present.  The  wastefulness  of 
having  a  dO-h.p.  motor  which,  except  at  the  very  start,  is 
only  needed  to  exercise  10  or  12  h.p.  seems  to  be  striking  the 
tracUon  engineers,  and  various  devices  continue  to  be  pro- 
mulgated. Mr.  Edison  comes  forward  with  a  patent  electric 
car  starter,  consisting  of  a  combined  double  armature— that 
is,  two  armatures,  both  connected  with  spur  gearing  to  the 
axle,  but  capable  of  having  the  direction  and  strength  of 
their  fields  changed,  so  that  one  can  act  as  a  motor  and 
the  otl>^ ''**namo,  or  both  as  motors  by  the  shifting 


of  suitable  switches,  and  so  regulates  the  speed.  Mr.  John 
H.  Palmer  also,  the  N.Y.  EUdrictd  Engineer  tells  us,  has 
brought  out  in  Boston  an  electric  car  starter  which  does 
away  with  all  trouble  and  "  bids  fair  to  be  an  unqualified 
success."  The  device  is  not  very  clearly  described,  but  is 
said  to  consist  of  a  variable  leverage  mechanism  obtained 
by  involute  wheels,  by  which  an  enormously  increased 
leverage  is  attained  on  the  driving  wheels  at  the  moment 
of  starting  the  car  and  for  some  time  after.  After  getting 
the  car  fairly  set  in  motion,  this  mechanism  is  automatically 
cut  out  and  the  motor  continues  to  drive  the  car  in  the 
ordinary  manner,  another  clutch  automatically  gearing  into 
the  driving  shaft  an  instant  before  the  starting  mechanism 
is  cut  out  The  model  exhibited  is  said  to  work  most 
accurately,  and  to  exhibit  some  very  pretty  mechanical 
devices.  The  motor  can  either  be  kept  running  all  the 
time  or  stopped  with  every  stop  of  the  car  as  most  desired 

An  Ameriean  Telpher  System.— At  the  St  Louie 
Exposition  the  Unieycle  Electric  Elevated  Bailroad  Com 
pany,  of  St  Louis,  has  erected  an  elevated  track  for  a 
short  distance,  on  which  it  is  running  a  small  model  truck 
with  seating  capacity  for  two  persons.  In  this  system  the 
car  hangs  over  the  main  ordinary  rail,  having  a  space 
running  throughout  its  length  along  the  centre.  Two 
guides  project  downwards,  one  on  each  side,  and  inclined 
guide  wheels  keep  the  car  upright  and  safe.  In  construct- 
ing the  track  the  main  rail  is  supported  by  posts  and 
uprights,  while  bolted  to  the  main  rails  are  side  braces  on 
which  the  guide  rails  are  securely  bolted  in  position.  The 
main  wheel  of  the  truck  is  grooved  and  rests  on  the  main 
rail,  while  smaller  grooved  wheels,  supported  from  cross 
bars,  fit  into  the  guide  rails  and  practically  lock  the  car  to 
the  track.  The  car  bottom  and  truck  frame  are  movabty 
connected,  having  friction  rollers  that  play  between  the  car 
bottom  and  truck  frame,  working  in  a  flanged  disc  The 
friction  rollers  rest  on  springs  which  are  supported  by  an 
under  brace,  thus  allowing  the  car  to  turn  a  short  curve 
with  ease  and  safety.  The  motor  is  so  constructed  that 
the  weight  will  be  equally  balanced  on  the  truck  frame, 
while  an  automatic  device  is  so  arranged  as  to  equalise  the 
weight  on  centre,  making  it  entirely  centrifugal  and  taking 
off  all  unnecessary  friction.  A  "  G.  &  G."  motor  is  being 
used  to  operate  the  car.  The  line  is  practically  an  over- 
bead  telpher  line,  but  with  the  cars  above  the  rail  in  the 
usual  position  of  elevated  railways. 

The  nrst  Weatlnghoiiae  Railway.— The  first 
Westinghouse  electric  road  was  started  at  Lansing, 
Michigan,  on  August  27,  and  an  account  of  the  line  is 
given  in  the  Electrical  World.  We  were  under  the  im- 
pression that  it  was  an  alternating-motor  system  that  the 
Westinghouse  Gompany  were  going  to  exploit,  and  still 
fancy  this  is  so ;  but  nothing  is  said  upon  the  matter  in 
the  description — we  are  rather  led  to  believe  the  system 
(of  which  much  secrecy  has  evidently  been  made)  is  an 
evolution  along  the  lines  of  the  Thomson-Houston  method. 
The  motors,  of  which  there  are  two  of  15  h.p.  each,  are  said 
to  be  in  general  arrangement  quite  similar  to  those  ordi- 
narily in  use.  Overhead  conductors  are  used  with  the 
usual  trolley  and  yardarm.  A  special  feature  of  the  motor 
is  the  ease  with  which  the  armature  can  be  removed,  the 
field  magnets  being  hinged  so  that  by  withdrawing  the 
fastening  bolts  they  open  out  This  enables  inspection 
and  repairs  to  be  very  quite  done.  There  are  but  two 
sets  of  coils  on  the  field  magnets,  and,  in  addition 
to  these,  starting  resistances  are  used.  On  starting 
the   car  the   switch   bai.dle  is   slowly  moved  over  five 
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notches,  catting  out  saccesaiyely  the  three  resiBtances, 
and  throwing  into  action]  succesdyely  the  two  field 
coils.  The  gear  wheels  are  of  cut  steel,  with  5in.  faces, 
running  in  oiltight  castings  partly  filled  with  oil.  The 
motors  are  adapted  to  run  up  to  20  miles  an  hour.  Six 
miles  of  track  are  laid,  and  three  motor  cars,  each  drawing 
two  or  three  trailers,  are  running.  At  the  time  of  the 
Lansing  Fair  a  motor  car  and  trailer  often  carried  as  many 
as  250  passengers  up  a  long  gradient  of  6  per  cent,  rise, 
with  a  curve  at  the  start. 

TelephonoB  In  Oharoh.— The  telephone  in  the 
church  at  Birmingham  seems  to  have  been  a  mingled 
success — a  success  in  that  the  solos,  choir  singing,  and 
sermon  were  heard  widely  in  many  towns  ;  but  the 
holy  words  seemed  not  so  ezclusiyely  confined  to  the 
telephone  line  as  they  might  have  been,  and  calls  like 
"  Hello  !  are  you  there  ?  "  "I  want  Christ  Church, 
No.  2,006,"  etc.,  mingled  with  the  psalms  and  prayers. 
The  sermon  could  be  clearly  heard,  and  reference  was  made 
to  "  friends  at  a  distance."  It  was  somewhat  unfortunate 
that  it  should  have  been  a  charity  sermon,  as  naturally 
subscribers  could  not  drop  their  cash  by  telephone.  It  is 
understood  that  various  protests  have  been  made  by 
perturbed  clerics  to  the  manager  against  the  desecra- 
tion and  tendency  to  absence  thus  inculcated.  The 
Rev.  Canon  Wilcox,  in  his  evening  sermon,  alluded  to 
the  fact  that  not  only  had  he  the  privilege  of  addressing 
such  a  large  gathering  as  was  there  gathered,  but  his  words 
travelled  far  beyond  the  limits  of  that  building,  and  that 
the  sick  and  the  weary,  and  the  weak  and  the  aged  and 
infirm  could  also  hear  owing  to  the  wonderful  discoveries  of 
science.  About  50  local  subscribers  to  the  exchange 
applied  to  be  switched  on  to  the  church  at  each  of  the  thiee 
services,  but  it  is  probable  that  many  hundreds  of  people 
heard  portionsof  the  service, inasmuch  as  each  receiver  would 
doubtless  have  a  succession  of  listeners.  Amongst  the 
distant  towns  connected  with  the  church  were  London, 
Manchester,  Burton-on-Trent,  Derby,  Kidderminster, 
Hanley,  and  Coventry.  Mr.  Coleman,  the  manager  of  the 
local  exchange,  states  that  many  of  those  in  distant  towns 
reported  that  they  had  heard  the  singing  and  the  sermon 
distinctly. 

Telephone  from  Xiondon  to  BfanolieBter.— Tele- 
phonic communication  has  been  opened  this  week  by  the 
National    Telephone    Company    between    London    and 
Manchester  (a  distance  of  206  miles  by  the  route  adopted), 
and  is  being  continued  further  north.    The  line  is  not  quite 
ready  for  use  by  the  general  public,  but  it  was  placed  on 
Monday,  by  the  courtesy  of  the  officials,  at  the  disposal  of 
the  Manchester  Field  Naturalists'  Society,  which  has  been 
doing  yeoman  service  during  the  last  few  months  in  the 
way  of  planting  trees  in  their  smoky  city,  a  task  which  is 
not  without  its  difficulties.    A  company  of  60  gentlemen, 
presided  over  by  Mr.  Alderman  W.  EL  Bailey  (in  the 
absence  of  the  Mayor),  and  including  many  members  of  the 
Corporation,  was  present  at  the  Manchester  office  of  the 
telephone  company,  and  a  lively  discussion  took  place  on 
the  effect  of  town  fog  on  animal  and  vegetable  organisms, 
between  Dr.  Bailey,  of  Owens  College,  and  Mr.  Oglesby 
(Manchester),  and  Colonel  Mackenzie,  superintendent  of 
Epping  Forest^  Dr.  Charles  Boberts,  Prof.  B.  Meldola, 
F.R.S.,  and  Mr.  Philip    Hartog,  at  the  London   offices, 
Oxford-court,  Cannon-street.     It  was  proposed  to  take 
measures  to  make  a  systematic  examination  of  the  com- 
position of  the  atmosphere,  which,  both  in  London  and  in 
Manchester,  is  becoming  mure  and  more  unfit  to  support 


plant  life.  The  Berliner  (a  modified  Blake)  transmitter 
and  the  Bell  receiver  were  used,  and  the  voices  of  the  Man- 
chester members  were  heard  quite  distinctly  in  London, 
and  were  easily  recognisable.  After  the  formal  proceedings 
were  over,  the  London  office  was  connected  with  the 
Princess's  Theatre,  Manchester,  and  the  Manchester  office 
with  the  Savoy  Theatre,  London.  Owing  to  the  use  of 
''loop"  lines— complete  metallic  circuits — a  conversation 
can  now  be  carried  on  between  London  and  Manchester 
without  any  disturbing  noises  whatever. 

Xleotrlo  Uffht  for  Godabning.— At  the  meeting  of 
the  General  Purposes  Committee  of  the  Gkxlalming  Town 
Council  last  week,  the  report  of  the  £lectric  Lighting  Com* 
mittee,  who  recently  visited  Bath,  was  considered.  The 
report  stated  that  the  members  who  visited  Bath 
considered  the  lighting  of  the  streets  there  with  electricity 
was  very  satisfactory,  and  far  superior  to  the  street  where 
gas  was  used,  and  the  lighting  for  private  purposes  was 
equally  satisfactory.  Great  improvements  had  been 
effected  in  the  methods  of  lighting  since  the  last  instaUa- 
tion  in  the  borough,  which  made  the  present  lamps  and  ap» 
pliances  as  nearly  perfectastheymight  expect  tobecome.  The 
coDunittee thought,  therefore,  that  the  time  hadarrivedwhen 
the  electric  light  might  be  safely  adopted,  if  thought  desirable 
on  financial  grounds.  From  definite  and  amended  estimates 
which  the  conunittee  had  obtained  (Messrs.  Todman,  Day, 
and  Co.'s  estimates  and  letter)  they  had  ascertained  that  to 
put  down  36  arc  lamps  and  20  incandescents  for  the 
borough  public  lighting  complete,  exclusive  of  the  building, 
but  inclifding  power  and  appliances  for  300  private  lights, 
would  cost  £2,060,  and  with  buildings  and  sundries  (say, 
£450),  £2,500.  The  annual  net  cost  of  working  the 
borough  lights  and  private  lights  might  be  estimated 
at  £500.  If  to  this  were  added  ^th  of  the  capital 
sum  of  £2,500  (making  it  repajrable  in  25  years),  and 
4  per  cent  interest,  there  would  be  a  further  annual 
charge  of  £200,  making  a  total  outlay  of  £700.  This 
would  include  at  least  300  private  lights,  which,  if  taken 
up,  and  charged  at  30s.  per  light  per  annum,  would  yield 
£450,  leaving  a  net  gross  yearly  outlay  of  £250,  including 
repayment  of  capital  and  interest.  The  price  of  SOs.  per 
lamp  was  about  half  the  cost  of  one  gas  burner,  consuming 
6ft.  per  hour,  and  used  on  an  average  six  hours  per  day* 
If  they  put  down  an  extra  machine  at  a  cost  of  £1^000  to 
provide  1,000  additional  lights,  a  large  profit  would  aecrue, 
which  would  liquidate  the  capital  sooner  than  25  years,  and 
when  about  half  the  1,000  lights  were  taken  up  no  doubt  the 
town  would  be  free  from  expense  for  its  public  lighting. 
The  site  suggested  for  a  central  station  was  a  triangular 
piece  of  land  enclosed  by  the  pathway  leading  over  Boarden* 
bridge.  The  committee  recommended  that  only  the  plant 
for  the  public  lighting,  and  300  private  lamps  should  be  put 
down  first  at  a  cost  of  £2,500,  for  building,  machinery,  plant, 
etc.  If  this  was  successful,  extra  plant  could  be  added.  With 
regard  to  raising  the  necessary  funds,  the  conmiittee 
pointed  out  that  now  the  rates  were  lessened  by  £600  on 
account  of  the  main  road  and  police  expenses,  it  would  be 
possible  to  pay  the  amount  of  the  outlay  in  four  years,  or 
it  could  be  spread  over  a  longer  number  of  years.  The 
gentleman  who  visited  Bath  with  the  committee  and  the  sur* 
vey or  explained  Messrs.  Todman's  estimate,  and  after  a  great 
deal  of  consideration  it  was  deoidedi  on  the  motion  of  Mr. 
Mitchell,  to  postpone  the  matter  for  a  fortnight,  and  it  is 
understood  Uiat  in  the  meantime  a  canvass  of  the  town  will 
be  made  to  see  how  many  are  inclined  to  use  electricity  for 
private  lighting. 
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THE  EDINBUSOH  EXHIBinON.-XVUI. 

The  ura&Kenient  of  tho  parte  of  Sir  William  ThonuOD'a 
^eetroBtatic  Dalance  is  shown  in  Fig.  1.  The  fixed  portiou 
of  the  coDdenaer  in  thif  instrument  is  a  braes  disc,  B,  which 
is  nipported  fram  a  slate  base,  S,  on  three  ;;lass  pillars,  P. 
The  disc  is  provided  with  the  well-known  Thomson  "hole, 
slot,  and  plane  "  arrangement,  so  that  it  always  reats  in 
exactly  the  same  position  on  its  supports. 

A  wire  thickly  covered  with  indiambber  passes  from  a 
terminal,  T,  throueh  a  glass  tube,  G,  C,  0,  and  makes  con- 
nection with  the  disc  by  a  ■[xing  contact,  the  glass  tube 
being  filled  with  paraffin  to  prevent  the  lodgment  of  mois- 
ture and  give  groat  resistance  to  disruptive  discharge.  A 
sheath  fonned  by  a  short  piece  of  glass  tube  pulls  up  over 
the  terminal,  T,  and  protects  it  from  being  touched  by 
accident.  The  slate  base-plate  is  provided  with  three  screw 
leveUing  feet  A  brass  case  fits  upon  the  slate  base-plate, 
and  fixed  to  ito  top  is  a  metal  scale  box,  with  a  glass  front, 
which  contains  the  indicator  and  scale.  The  movable 
part,  V,  is  a  round  aluminium  plate,  supported  by  two 
long  links,  which  pass  through  a  slit  in  the  top  plate  of  the 
case  to  two  knife^ge  stirrups  on  one  end  of  the  counter- 
poised indicator,  L  The  whole  movable  portion  is  sup- 
ported by  knife-edges  on  two  brass  pillars,  and  has  a  short 
arm,  A,  with  a  knife-edge  stirrup  at  its  extremity  attached 
to  its  axis.  The  weights  which  fix  the  constant  of  the 
instrument  bang  on  tbis  stirrup. 


Flo.  1.— Sir  TTlllism  Thomson's  Eleotrostatia  Balance. 


The  instniment  has  a  scale  with  divisions  correspondini; 
to  equal  differences  of  potential  The  scale  is  gniduated 
from  0  to  50,  and  three  weigbte  are  provided  such  that, 
with  the  first  alone  hung  on,  the  constant  is  260  volts  per 
division,  with  the  first  and  second  weights  on,  it  is  500 
volte  per  division,  and  with  all  three  weigbte  on  1,000 
volte  per  division. 


THE  WALLEH-MANVILLB  CONDUIT  SYSTEM. 

We  have  several  times  referred  to  the  conduit  system  of 
electric  tramways  devised  by  Messrs.  Walter  and  Manville, 
which  is  being  carried  out  by  the  Electrical  Engineering 
Corporation,  of  which  Mr.  Manville  is  one  of  the  directors. 
This  system,  it  will  be  remembered,  has  for  ite  features  an 
open  or  slott4Ml  conduit  with  road  plates  and  boxes  at  long 
intervals  (30  yards  or  so)  carrying  oil  insulators,  which  insu- 
lators require  no  other  fixing  than  to  be  slipped  into  position 
when  the  road  plates  are  lifted  up ;  the  cable  or  conductor 
lies  unattached  upon  these  insulators,  and  is  lifted  by  the 
metallic  collector  (as  shown  in  the  figure^  on  the  passing  of 
each  car  and  dropped  gently  down  on  the  insulator  arms 
again  when  the  car  has  passed. 


The  arrangement  inside  the  conduit  are  therefore  ex-      | 
tremely  simple,  and  thoroughly  good  insulation  is  assured,       i 
the  most  peculiar  part  being  the  apparatus  neceesary  to 
keep  the  conductor  strained  sufficiently  tight  so  as  not  to 


t'la.  1. — WaUor-UanviUe  UoUeatio);  Ami 

touch  the  bottom.  Straining  pieces  would  be  placed  at 
the  interval  of  half  a  mile  or  so,  and  these  also  go  into  the 
space  of  the  road-box  mentioned,  a  pit  being  dug  for  the 
straining  weight.  The  arrangement  is  very  clearly  shown 
in  the  accompanying  figure,  which  shows  the  straining 
apparatus  in  perspective. 


Fta.  2.— WaUer-UanvUle  Straining^  Apparatus. 

The  cable  passes  through  corrugated  grooves  over  two 
wheels  inclined  to  each  other,  and  throuf^  an  eyelet  hole, 
and  then  is  attached  to  the  straining  weight,  which  is  pro- 
portioned to  the  length  of  cable  to  be  strained.  The 
jieculiarity  of  this  arrangement  is  that  as  thus  constructed 
the  cable  is  kept  taut,  and  at  the  same  time— by  the  wheels 
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being  mounted  on  pivoted  arms  in  the  mannet  shown — 
the  cable  and  connecting  part  is  raised  to  the  required  level 
by  the  collector  of  the  passing  car  without  altering  the 
strain  on  the  cable  ur  moving  the  weight  The  second 
leugtb  of  cable  is  simply  spliced  to  the  metal  piece,  and  has 
a  similar  straiainff  piece  at  a  fuither  distance  of  half  mile. 

We  understand  that  the  patents  for  this  system  are 
allowed  in  Germany  and  America,  and  will  he  granted 
shortly  ;  and  that  negotiations  are  in  a  forward  condition 
for  the  eatablishment  of  a  line  on  this  system  on  the  Con- 
tinent  The  slot  conduit  will  be  used  in  the  town,  and  in 
less  crowded  parte  or  iu  the  country  parts  between  towns 
the  overhead  system  will  be  connected,  the  car  being 
famished  both  with  trolley-arm  and  slot-collector,  so  that 
the  latter  can  be  disconnected  at  the  changing  place. 


CONTBIBUnONS   TO   THE    HOLECDLAB  THEORY 
OF  INDUCED  HAGNETISH/ 

BT  J.  A.  BWINO,  F.R.S.,  PROFESSOR  OF  ENGINEKRING  IN 
UNITERSmr  COLLBQB,  DUNDEE. 

(Cmdvded  from  page  269.) 
There  is  some  hystereslB  during  the  removal  (whether 
complete  or  partial)  and  reapplication  of  magnetic  force, 
because  (provided  we  have  enough  groups  to  deal  with) 
there  will  bo  some  lines  of  elements  which  pass  to  and  fro 
through  a  condition  of  instability  during  tne  removal  and 
reapplication  of  the  force.  For  certain  inclinations  of  the 
line,  the  movements  are  not  reversible. 


Suppose,  next,  that  having  applied  and  removed  a  strong 
force,  i),  leaving  strong  residual  polarity,  we  begin  slowly 
to  reverse  I).  At  firrt,  the  effects  are  slight;  presently, 
however,  instability  bc^ns,  and,  as  the  force  is  increased 
within  a  narrow  range,  wo  find  the  molecules  all  upeet 
T^  is  followed  by  a  stage  of  nearly  elastic  deflection  as 
Bsturation  is  approached.  Thus,  the  well-known  general 
characteristics  of  cyclic  processes  are  all  raproducea  in  the 
model,  see  Fig.  6  below. 

Again,  a  small  repeated  cyclic  change  of  ^  superposed 
upon  a  constant  value  of  \  produces  small  changes  of 
s^regate  polarity,  which  are  reversible  if  the  change  of  t 
is  very  small.  This,  as  Lord  Bayleigh  has  shown,  is  what 
happens  in  a  magnetic  metal,  and  t£e  susceptibility  with 
respect  to  small  cyclic  changes  is  small  in  the  metal,  just  as 
it  is  in  the  actual  solid. 

The  chief  facts  of  permeability  and  retentiveness,  and 
byBteresii  generally,  are  therefore  at  once  explicable  by  sup- 
posing that  Webers  molecular  magnets  are  constrained  hj 
no  other  forces  than  those  due  to  their  own  mutual  magnetic 
attractions  and  repulsions.  No  arbitrary  constraining  forces 
are  required.  In  the  model  the  centres  of  rotation  are  fixed ; 
in  r^^  to  the  actual  solid  we  may  make  an  equivalent 
supposition — namely,  that  the  distances  between  the  mole- 
cular centres  do  not  change,  except  in  so  far  as  they  may 
be  changed  by  strain. 

Hysteresis,  then,  is  not  the  result  of  any  quasi-frictional 
resistance  to  molecular  rotations.  It  occurs  whenever  a 
molecole  turns  from  one  stable  position  of  rest  to  another 
thmgh  an  unitable  condition.  When  it  is  forced  to 
rotun,  it  again  passes  through  a  condition  of  instability. 
This  process,  considered  mechanically,  is  not   reversible. 


The  forces  are  different  for  the  same  displacement,  going 
and  coming,  and  there  is  dissipation  of  energy.  In  the 
model,  the  enei^  thus  expended  set«  the  little  bars 
swinging,  and  their  swings  take  some  time  to  subside.  In 
the  actual  solid  the  energy  which  the  molecnlar  magnet 
loses  as  it  swings  through  unstable  positions  generates  eddy 
currents  in  surrounding  matter.  Let  the  magnets  of  the 
model  be  furnished  with  air  vanes  to  damp  Uieir  swings 
and  the  correspondence  is  complete. 

A  regular  group  of  elementary  magnets,  especially  when 
furnished  with  air  vanes,  gives  a  good  illustration  of  what 
has  been  called  magnetic  viscosity.  When  the  imposed 
force,  ^,  reaches  a  critical  value  one  of  the  outer  members 
of  the  group  becomes  unstable,  and  swings  slowly  round  ; 
its  next  neighbours,  finding  their  stability  weakened, 
follow  suit,  and  the  disturbance  spreads  through  the  group 
in  a  way  eminently  suggestive  of  those  phenomena  of 
time-lag  in  magnetisation,  which  I  have  described  in  a 
former  paper. 

The  model  shows  squally  welt  other  magnetic  phenomena 
which  presumably  depend  on  the  inertia  of  the  molecules, 
such  as  the  fact  tnat  a  given  force  causes  more  magnetic 
induction  when  snddenTy  applied  than  when  gradually 
applied,  and  leaves  less  residual  magnetism  when  suddenly 
removed  than  when  gradually  removed. 

The  well-known  effects  of  mechanical  vibration  in  aug- 
menting magnetic  susceptibility  and  reducing  retentiveness 
are  readily  explicable  wnen  we  consider  that  vibration  will 
cause  periodic  changes  in  the  distances  between  molecular 
centres.  This  has  not  only  a  direct  influence  in  making 
the  molecular  magnets  respond  more  easily  to  changes  of 
magnetic   force    by  reducing  their  stabiuty  daring  the 


Fici.7. 


Fio.  8. 


*  IVer  Tcad  before  the  Pritish  Association, 


intervals  whan  they  recede  from  each  other,  but  tends  in- 
directly  towards  the  same  result  by  setting  them  swinging. 
The  effects  of  temperature  which  are  common  to  the 
three  magnetic  metals  may  be  stated  thus  :  Let  anv 
moderate  magnetising  force  be  applied,  not  strong  enough 
to  produce  anything  like  an  approach  to  magnetic 
saturation,  and  let  the  temperature  be  raised.  Then 
the  permeability  increases  until  the  temperature  reaches 
a  certain  (higM  critical  value,  at  which  almost 
suddenly,  there  is  an  almost  complete  disappearance 
of  magnetic  equality.  As  regards  the  first  effect,  it  is 
clear  that  an  increase  of  permeability  is  to  be  expected 
from  the  theory.  Kxpaneion  with  rise  of  temperature 
involves  a  separation  of  the  molecular  centres,  and 
therefore  a  reduction  of  stability.  As  regards  the  sJmoet 
sudden  loss  of  susceptibility  which  occurs  at  a  high  tempera- 
ture, it  may  do  no  harm  to  hazard  a  rather  wild  conjecture. 
We  may  suppose  the  molecular  magnets  to  be  swinging  more 
or  less,  the  violence  of  the  swings  increasing  as  the  tempera- 
ture rises  until  finally  it  develops  into  rotation.  Should 
this  happen,  all  trace  of  polarity  would,  of  course,  disappear. 
The  conjecture  that  the  molecular  magnets  oscillate  more 
and  more  as  the  temperature  rises  is  at  least  supported  by 
the  fact  (carefully  investigated  by  Hopkinson  in  iron  and 
nickel ;  data  for  cobalt  also  have  lately  been  supplied  by 
du  Bois)  that  under  strong  magnetic  forcee  rise  of  tempera^ 
ture  reduces  magnetism ;  for  with  strong  forces  the  mole- 
cular magnets  are  already  ranged,  so  that  their  mean 
direction  is  nearly  parallel  to  || ;  hence  the  earlier  effect  of 
heat  (to  diminish  stability  and  facilitate  alignment)  does 
not  tell,  and  the  increased  swingins  simplv  results  in 
reducing  the  mean  value  for  each  molecule  oi  its  moment 
resolved  paralld  to  the  magnetising  force, 
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Before  referring  to  effeote  of  stress  we  may  consider 
shortly  the  stability  of  a  ^air  or  line  of  magnets,  treating 
each  as  a  pair  of  poles  subject  to  the  law  of  inverse  squares. 
Take  first  a  single  pair  of  equal  magnets  with  centres  at  C 
and  C,  Fig.  7.  The  poles,  PF,  would  lie  in  the  line,  C  C, 
but  for  the  imposed  force,  h,  which  produces  a  deflection, 
OCT' or  crop -ft 

Let  a  be  the  angle  which  |)  makes  with  the  line  of 
centres,  m  the  pole  strength,  and  r  the  half  length  of  the 
magnetic  axis  of  each  magnet.    The  deflecting  moment  is 

9]^mr  sin(a-0), 

and  the  restoring  moment  is 

f»«CN 


PFJ 


0  N  being  drawn  normal  to  P  F.  The  restoring  moment 
at  first  increases  with  0,  but  passes  a  maximum  at  a  value 
of  0  which  depends  on  tiie  relation  of  r  to  the  distance 
between  the  centres.    The  condition  pf  equilibrium  is 


8|mf  sin(a*0) 


m«ON 


PF2 


and  as  |  and  0  are  increased  the  equilibrium  becomes 
neutral,  that  is  to  say,  the  condition  of  instability  Is  reached, 
when 

jg{2  5  TO  r  sm  (a  -  «)}  -  jg-^^. 

These  two  equations  serve  to  determine  the  value  of  h 
and  $  at  which  instability  occurs.  If  we  have  to  deal  with 
a  long  line  of  magnets  instead  of  a  single  pair,  we  have  to 
write  2  TO^  instead  of  m^  in  the  restoring  moment 

A  considerable  amount  of  stable  defleotion  is  possible 
when  the  distance  between  the  poles  is  not  small  compared 
with  r.  When  the  direction  of  |  is  not  much  inclined  to 
C  0*  (that  is,  when  a  has  a  value  approaching  0)  there  is  no 
instability.  In  rows  with  various  inclinations  to  j^,  the 
first  to  become  unstable  as  |^  is  increased  wQl  be  that  for 
which  a  -  0  is  equal  to  }  ir. 

If  a,  the  half  distance  between  the  poles  in  the  unde- 
flected  position,  be  small  compared  wiUi  r,  there  is  but 
little  deflection  before  instability  occurs,  and  in  that  case, 
provided  a  be  not  small,  nor  nearly  equal  to  ir,  the 
occurrence  of  instability  is  defined  by  the  condition 

d^qW 

de  ppi"®' 


which  is  satisfied  when  tan  ^ 


—j= ;  ^  being  the  inclina- 


tion  of  P  P'  to  the  line  of  centres.  Hence,  with  the  same 
proviso  (a  not  nearly  equal  to  0  or  to  ir,  and  a  small  com- 
pared with  f ),  the  value  of  ^  which  causes  the  instability  is 


TO 


'*12  7s.a«sina 

for  a  single  pair  of  magnets,  and  twice  this  quantity  for  the 
middle  members  of  a  long  row.  This  is,  of  course,  least  for 
ma|(neta  which  lie  normal  to  |. 
In  the  special  case  when  a  -» ir,  instability  occurs  when 


i 


m 


with  the  single  pair,  or  m/i  a^  with  the  row. 

Applied  to  the  case  of  a  group  of  rows,  uniform  in 
distance  between  the  centres,  but  various  as  regaids  their 
direction  with  respect  to  |,  these  considerations  show  that 
after  |^  has  reached  a  vaJue  sufficient  to  make  the  most 
susceptible  members  unstable,  no  very  great  increase  is 
required  to  brine  about  instability  in  by  hr  the  greater 
number  of  the  other  rows.  One  general  efiect  of  increasing 
the  distance  between  all  the  centres  is  to  reduce  the  range 
of  variation  of  ^  within  which  most  of  the  difiereat  rows 
become  unstable  as  the  force  is  progressively  increased. 

In  annealed  metal,  where  we  may  expect  considerable 
general  homogeneity,  as  regards  distance  between  the 
centres  of  the  molecular  magnets,  we  find  that  practically 
the  whole  of  the  abrupt  stage  in  the  process  of  magnetisa- 


tion is  included  within  narrow  limits  of  magnetising  force. 
We  accordingly  obtain  curves  like  A  A,  Fig.  8. 

When  the  metal  is  strained  sufficiently  to  receive  per- 
manent set  the  curves  take  more  rounded  outlines  (such  as 
B  B),  showing  less  susceptibility  throughout,  less  residual 
magnetism,  and  more  coercive  force.  The  most  natural 
explanation  of  this,  on  the  basis  of  the  molecular  theory, 
appears  to  be  that  set  produces  on  the  whole  a  shortening 
of  the  distances  between  molecular  centres,  hence  greater 
stability  and  more  coercive  force ;  but  this  is  associated 
with  heterogeneity,  that  is  variety  in  the  distances,  hence 
the  rounded  ouUines  of  the  curves.  We  know  that  set 
tends  to  develop,  or  at  least  to  emphasise,  heterogeneity ; 
for  instance,  a  bar  of  iron  or  steel  pulled  in  the  testing 
machine  stretches  irregularly  after  the  dastie  limit  is 
passed. 

The  effects  of  stress  and  consequent  elastic  strain  on 
magnetic  quality  are  so  complex  and  so  various  in  iron, 
nickel,  and  coloit,  that  it  would  be  premature  to  attempt 
any  full  discussion  of  them  from  the  point  of  view  of  the 
theory  now  sketched.  Only  a  few  general  features  need  be 
referred  to  at  present  Some  of  these  can  be  traced  experi- 
mentidly  in  the  model  by  setting  the  supports  of  the 
magnets  upon  a  sheet  of  thin  indiarubber,  which  may  be 
stretched  or  distorted  to  imitate  the  conditions  of  longitu- 
dinal or  torsional  strain. 

When  pulline  stress  is  applied,  those  rows  of  molecular 
magnets  which  lie  more  or  less  adong  the  direction  of  the 
stress  have  their  stability  reduced  by  the  lengthening  of  the 
lines  of  centres.  Similarly,  rows  which  lie  more  or  lees 
normal  to  the  stress  have  their  stability  increased.  The 
resulting  effect  on  the  general  susceptibibty  of  the  material 
will  depend  on  which  of  these  confiicting  influences  prepon- 
derates. Let  pull  be  applied  before  magnetisation  begins, 
while  the  metid  is  still  in  a  neutral  state.  The  stretchin^^  of 
longitudinal  Unes  and  the  contraction  of  transverse  hnea 
will  not  only  alter  the  stability  of  those  molecules  which 
continue  to  lie  in  their  original  rows,  but  wiU  tend  to  make 
the  members  of  those  rows  which  are  much  lengthened 
swing  round  and  form  transverse  lines  in  which  they  will 
be  more  stable  than  before.  We  may  therefore  reasonably 
expect  that  the  permeability  with  regard  to  strong  fiel(u 
will  be  reduced  by  pull,  as  it  actually  is  both  in  iron  and  in 
nickel,  though  with  reg^uti  to  weak  fields  the  permeability 
mav  be  increased,  as  it  is  in  iron. 

Again,  the  theory  explains  well  why  the  effects  of  stress 
are  by  no  means  the  same  (1)  when  the  stress  is  applied 
first  and  the  magnetic  force  after,  and  (2)  when  the  mag- 
netic force  is  appUed  first  and  the  stress  after. 

Let  a  moderate  magnetising  force  be  applied  and  then 
begin  to  apply  stress.  The  fibrat  effects  are  in  general  laige, 
for  the  stram  precipitates  into  instability  those  moleoumr 
ma^ets  which  were  already  on  the  verge  of  instability. 
This  is  beautifully  apparent  in  iron  (see  PhU.  Trans.^  1885, 
part  ii.,  plates  63  and  64);  and  the  theory  shows  why  the 
first  effects  are  not  reversible,  why  they  ao  not  disappear 
when  the  stress  is  removed,  and  why  it  is  only  in  subse- 
quent applications  and  removals  of  the  stress  that  the  mag- 
netic changes  become  cyclic. 

The  same  remark  evidently  applies  to  the  first  effects  of 
stress  on  residual  maenetism ;  also  to  the  first  effects  of 
temperature  change  eiwer  on  induced  or  residual  magnet- 
ism. Again,  the  theory  shows  that  when  a  cyclic  change 
of  stress  is  repeated  there  will  be  hysteresis  in  the  corre- 
sponding changes  of  magnetism,  whether  induced  or 
residual,  unless  either  the  cyclic  range  va  very  small  or  the 
magnetism  approaches  saturation.  During  each  application 
of  the  stress  some  molecular  magnets  wifi  swing  through 
unstable  positions ;  during  the  removal  of  stress  they  will 
swing  back,  but  not  at  the  same  values  of  stress.  And  it 
will  be  characteristic  of  this  hysteresis  that  the  variation  in 
magnetism  will  begin  slowly  when  the  change  from  apply- 
ing to  removing  stress,  or  from  removing  to  applying  strosa, 
b^ns.    All  tins  agrees  with  the  facts. 

Moreover,  the  theory  shows  that  even  in  the  absence  of 
any  resultant  magnetisation  a  cycle  of  stress  makes  the 
molecular  configuration  pass  through  a  series  of  changes 
which  will  at  first  not  be  cyclic,  but  will  become  cydic 
when  the  stress  cycle  is  repeated,  and  in  which  anv  inter- 
mediate value  of  the  stress  will  be  associated  with  different 
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configurations  during  the  going  and  coming  parts  of  the 
process.  In  other  words,  we  see  that  there  will  be 
hysteresis  in  the  relation  of  molecular  configuration  to 
stress  when  a  cycle  of  stress  is  repeated.  Hence,  certain 
rather  obscure  effects  which  have  been  obserred  in 
magnetic  experiments.  For  instance,  where  an  iron  wire  is 
loaded  and  partially  unloaded  down  to  a  given  load  before 
being  magnetised,  its  permeability  is  not  the  same  as  when 
the  wire  is  completely  unloaded  and  reloaded  up  to  the 
same  load.  Experimental  results  of  this  land  led  me  in 
1884  to  write :  "  If  we  apply  and  remove  stress  in  a  wire 
whose  magnetic  state  is  entirely  neutral,  we  cause  some 
kind  of  molecular  displacement  m  the  relation  of  which  to 
the  applied  stress  there  is  hysteresis."  The  theory  now 
oflTered  shows  how  this  happens.  Hence,  also,  the  remark- 
able hysteresis  which  the  thermoelectric  quality  of  iron 
exhibits  with  regard  to  cyclic  changes  of  stress,  discovered 
by  Cohn,  and  more  fully  described  in  Phil.  Trans.,  1886, 
p.  361.  The  hysteresis  of  molecular  configuration  with 
respect  to  stress  has  been  proved  to  be  removable  or 
reducible  by  vibration. 

From  this  theoretical  explanation  of  hysteresis  in  the 
effects  of  stress  it  at  once  follows  that  a  cyclic  change  of 
stress,  provided  it  be  not  very  small,  involves  some  dissipa- 
tion of  energy  in  a  magnetic  metal,  whether  the  piece  be 
magnetised  or  not  We  may  expect  this  dissipation  to  be 
most  eoDsiderable  under  conditions  which  maxe  the  mag- 
netic hysteresis  laige.  But  it  will  occur  even  when  there 
is  no  external  trcMse  of  magnetism. 

This,  of  course,  implies  that  in  a  cyclic  process  of  loading 
and  unloading  work  must  be  spent  There  is  no  perfect 
elasticity  in  a  magnetic  metal,  however  slowly  the  process 
of  straining  be  performed.  Under  any  load  there  is  less 
strain  during  application  than  during  romoval.  This  is 
borne  out  by  experiments  on  the  extension  of  iron  wires 
(Brit  Assoc,  report,  1889,  p.  502). 

The  same  action  occurs  to  a  marked  degree  in  torsional 
strains.  In  a  twisted  specimen  there  will  be  a  tendency  on 
the  part  of  the  molecular  magnets  to  range  themselves  along 
lines  agreeing  more  or  less  with  the  direction  of  maximum 
contraction.  Alternate  twisting  to  opposite  sides  should 
therefore  cause  much  molecular  swinging  dirough  unstable 
positions,  with  consequent  dissipation  of  energy,  even  in  a 
piece  which  is  not  magnetised. 

Without  going  at  present  into  details,  it  may  be  added  that 
the  phenomena  of  molecular  "  accommodation  "  studied  by 
Wiedemann  and  by  H.  Tomlinson  accord  with  the  theory, 
and  that  it  seems  to  lend  itself  well  to  explain  the  very 
remarkable  results  which  have  been  obtained  by  Nagoaka 
in  experiments  with  nickel  wire  under  twist  or  under  a 
combination  of  pull  and  twist.  It  also  agrees  with  what 
little  is  known  as  to  the  influence  that  previous  magnetisa- 
tion in  one  direction  has  upon  subsequent  magnetisation  in 
another  direction. 
To  sum  up,  I  have  endeavoured  to  show  : 

1.  That  in  considering  the  magnetisation  of  iron  and 
other  magnetic  metals  to  be  caused  by  the  turning  of 
permanent  molecular  magnets,  we  may  look  simply  to  the 
magnetic  forces  which  the  molecular  magnets  exert  on  one 
another  as  the  cause  of  their  directional  stability.  There 
is  no  need  to  suppose  the  existence  of  any  quasi-elastic 
directing  force  or  of  any  quasi-frictional  resistance  to 
rotation. 

2.  That  the  intermolecular  magnetic  forces  are  sufficient 
to  account  for  all  the  general  characteristics  of  the  process 
of  magnetisation,  including  the  variations  of  susceptibility 
which  occur  as  the  magnetising  force  is  increased. 

3.  That  the  intermolecular  magnetic  forces  are  equally 
competent  to  account  for  the  known  facts  of  retentiveness 
and  coercive  force  and  the  characteristics  of  cyclic  magnetic 
processes. 

4.  That  magnetic  hysteresis  and  the  dissipation  of  energy 
which  hysteresis  involves  are  due  to  molecular  instability 
resulting  from  intermolecular  magnetic  actions,  and  are  not 
due  to  anything  in  the  nature  of  frictional  resistance  to  the 
rotation  of  the  molecular  magnets. 

5.  That  this  theory  is  wide  enough  to  admit  explanation 
of  the  differences  in  magnetic  quality  which  are  shown  by 
different  substances  or  by  the  same  substance  ip  Afferent 
states, 


6.  That  it  accounts  in  a  general  way  for  the  known 
effects  of  vibration,  of  temperature,  and  of  stress  upon 
magnetic  quality. 

7.  That  in  particular  it  accounts  for  the  known  fact  that 
there  is  hysteresis  in  the  relation  of  magnetism  to  stress. 

8.  That  it  further  explains  why  there  is  in  magnetic 
metals  hysteresis  in  physical  quality  generally  with  respect 
to  stress,  apart  from  the  existence  of  magnetisation, 

9.  That  in  consequence  any  (not  very  small)  cycle  of 
stress  occurring  in  a  magnetic  metal  involves  dissipation  of 
energy. 

CORRESPONDENCE. 


THEORY  AND  THE  FEEEANTI  MAINS. 
To  THK  EDrroR  ov  Thk  EuscrrBicAL  Enqikxeb. 


Sm, — In  your  leader  on  the  Ferranti  mains,  you  begin 
"  There  is  more  work  for  the  professors.  No  doubt  we 
shall  be  told  that  all  the  observed  phenomena  due  to  high 
pressures  and  long  lengths  are  only  just  what  might  have 
been  expected.''  This  seems  to  prove  that  those  who 
require  the  spoon-f eedmc  you  ask  for  are  in  the  position  of 
the  bad  workman  who  abuses  his  tools.  Such  a  one  poses 
as  "practical/'  and  despises  tlieory  so  much  that  he  is 
unable  to  put  it  in  practice.  I  trust  neither  Dr.  Lodge  nor 
any  other  "  professor  "  will  take  any  trouble  to  help  those 
who  pocket  all  the  money,  and  give  noUiing  but  abuse  to 
those  who  give  them  the  tools  they  can  only  use  badl]^. 
If  Dr.  Lod^  were  given  JB10,000,  it  might  be  worth  his 
while  lickui^  the  theory  into  such  a  shape  that  even 
practical  men  could  use  it — ^Yours,  etc., 

Oso.  Fbas.  FtizOeraid, 

Trinity  College,  Dublin,  25th  Sept,  1890. 

P.S. — ^I  do  not,  however,  believe  that  your  leader  repre- 
sents the  views  of  those  who  are  in  the  van  in  applying 
theory  to  supply  the  wants  of  mankind. 


NEW  FORMS  OF  ALTEENATOBS. 
To  THE  EorroB  of  Thb  Elboibioal  Enoikker. 

Snt, — As  bearing  upon  this  matter,  some  of  your  corres- 
pondents might  be  interested  in  looking  over  Jablochkoff  s 
patent,  No.  3,187  (1877).  The  designs  described  in  this 
patent  seemed  to  have  forestalled  all  we  more  recent  ideas 
on  the  subject — ^Yours,  etc.,  R.  0.  Jackson. 

Pandon  Dene,  Newcastle-upon-Tyne,  Sept  29th,  1890. 


THE  ELBCTBOMAONET.* 

BT  FBOF.   SILVAjrUS  P.  THOMPSON,  D.80.,  B.A.,  U.X.S.B, 
LxCTtJBJB  L— HXSTOBIOAL  SXBTCH, 

(Oontimted  from  page  j974.) 

'*Id  describing  the  results  of  my  experiments,  the  terms 
'  intensity '  and  *  Quantity '  magnets  were  introduced  to  avoid 
circumlocution,  and  were  intended  to  be  nsed^  merelv  in  a  tech- 
iii<»l  sense.  By  the  intensi^  magnet  I  designated  a  piece  of 
soft  iron,  so  surrounded  with  wire  that  its  magnetic  power 
could  be  called  into  operation  by  an  intensity  batteiy;  and  by 
a  quantity  magnet,  a  piece  of  iron  so  surrounded  by  a  numb^ 
of  separate  ooQs,  that  its  magnetism  could  be  folly  developed 
by  a  quantity  battery. 

"  I  was  the  first  to  point  out  this  connection  of  the  two  kinds 
of  the  battery  with  the  two  forms  of  the  magnet,  in  my  paper 
in  8iUiman*8  Journal^  January,  1831,  and  clearly  to  state  that 
when  magnetism  was  to  be  developed  by  means  of  a  compound 
battery  one  long  coil  must  be  employed,  and  when  the  maximum 
effect  was  to  be  produced  by  a  single  battery  a  number  of  single 
strands  should  be  used.  .  .  .  Neither  the  electromagnet  of 
Sturgeon  nor  any  electromagnet  ever  made  previous  to  my 
investigations  was  applicable  to  transmitting  power  to  a  dis- 
tance. .  .  .  The  electromaffuet  made  oy  Sturgeon,  and 
copied  by  Dana,  of  New  York,  was  an  imperfect  quantity 
magnet,  Uie  feeble  power  of  which  was  developed  by  a  single 
battel^." 

Finally,  Henry  sums  up  his  own  poution  as  follows : 

"  1.  Previous  to  my  investigations  the  means  of  developii^ 

*  Cantor  Lecture,  deliver^  b^for^  the  Society  of  Arts, 
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magnetism  in  soft  iron  were  imperfectly  understood,  and  the 
eleofcromagnet  which  then  existea  was  inapplicable  to  transmis- 
sions of  power  to  a  distance. 

**2.  I  was  the  first  to  prove  by  actual  experiment  that  in 
order  to  develop  magnetic  power  at  a  distance,  a  galvanic  bat- 
tery of  '  intensity '  must  be  employed  to  project  the  current 
through  the  long  conductor,  and  that  a  magnet  surrounded  by 
many  turns  of  one  long  wire  must  be  used  to  receive  this 
current. 

''3.  I  was  the  first  to  actually  magnetise  a  piece  of  iron  at  a 
distance,  and  to  call  attention  to  the  fact  of  the  applicability  of 
my  experiments  to  the  telegraph. 

"  I  was  the  first  to  actually  sound  a  bell  at  a  distance  by 
means  of  the  electromagnet. 

'*  The  principles  I  had  developed  were  applied  by  Dr.  Gale 
to  render  Morse's  machine  effective  at  a  distanca" 

Though  Henry's  researches  were  published  in  1831,  they  were 
for  some  years  iJmoet  unknown  in  jSurope.  Until  April,  1837, 
when  Henry  himself  visited  Wheatatone  at  his  laboratory  at 
Eling's  College,  the  latter  did  not  know  how  to  construct 
an  electromagnet  that  could  be  worked  through  a  long-wire 
circuit.  Cooke,  who  became  the  coadjutor  of  Wheatstone, 
had  originallv  come  to  him  to  consult  him,  in  February,  1837, 
about  hjs  telegraph  and  alarum,  the  electromagnets  of  which, 
though  they  worked  well  on  short  circuits,  reffised  to  work 
when  placed  in  circuit  with  even  a  single  mile  of  wire.  Wheat- 
stone's  own  account  of  the  matter  is  extremely  explicit:  ''Rely- 
ing on  my  former  eramence,  I  at  once  told  Mr.  Cooke  that  lus 
plan  would  not  and  could  not  act  as  a  telegraph,  because 
sufficient  attractive  power  oould  not  be  imparted  to  an 
electromagnet  interposed  in  a  long  circuit;  and,  to  con- 
vince him  of  the  truth  of  this  assertion,  I  invited  him  to 
King's  College  to  see  the  repetition  of  the  experiments 
on  which  my  conclusion  was  founded.  He  came,  and  arter  seeing 
a  variety  of  voltaic  magnets,  which  even  with  powerful  batteries 
exhibited  only  slight  adhesive  attraction,  he  expressed  his 
disaroointmentu " 

After  Henry's  visit  to  Wheatstone  the  latter  altered  his  tone. 
He  had  been  using,  fa%tit  de  mieiiac,  relay  circuits  to  work  the 
electromagnets  of  ms  alarum  in  a  short  circuit  with  a  local 
battery.  ^  "  These  short  circuits,"  he  writes,  "  have  lost  nearly 
idl  their  importance,  and  are  scarcely  worth  contending  about 
since  my  discovery  "  (the  italics  are  our  own)  "  that  electro- 
magnets may  be  so  constructed  as  to  produce  the  required 
effects  by  means  of  the  direct  current,  even  in  very  long 
circuits." 

We  pass  on  to  the  researches  of  the  distinguished  physicist  of 
Manchester,  whose  decease  we  have  lately  had  to  deplore,  Mr. 
J.  P.  Joule,  who,  fired  by  the  work  of  Sturgeon,  made  most 
valuable  contributions  to  the  subject.  Most  of  these  were  pub- 
lished either  in  Stuijo^eon's  "Annals  of  Electricity,"  or  in  the 
Proceedings  of  the  Literary  and  Philosophic^J  Society  of  Man- 
chester, but  their  most  accessible  form  is  the  republished 
volume  issued  five  years  ago  by  the  Physical  Society  of 
London. 

In  his  earliest  investijg^ations  he  was  endeavouring  to  work  out 
the  details  of  an  electric  motor.  The  following  is  an  extract 
from  his  own  account  ("Reprint  of  Scientific  Papers,"  p.  7)  : 

"  In  the  further  prosecution  of  my  enquiries  I  took  six  pieces 
of  round  bar  iron  of  different  diameters  and  lengths,  also  a 
hollow  cylinder,  l-13th  of  an  inch  thick  in  the  metal.  These 
were  bent  in  the  U-form,  so  that  the  shortest  distance  between 
the  poles  of  each  was  ^in.  Each  was  then  wound  with  10ft.  of 
covered  copper  wire,  l-40th  of  an  inch  in  diameter.  Their 
attractive  powers  under  like  currents  for  a  straight  steel 
magnet,  l^in.  long,  suspended  horizontally  to  the  beam  of  a 
balance,  were  at  the  distance  of  ^in.  as  follows  : 


6« 


Length  round  the  bend  in  inches 

Diameter  in  inches  

Attraction  for  steel  magnet  in 

gninB 

Weight  lifted,  in  ounces 


No.  1. 
Hollow. 

II 

SoUd. 

II 

No.  5. 
Solid. 

II 

6 

6i 
i 

21 

i 

1 

1 

i 

7-6 
36 

6-3 
fi2 

6-1 
92 

5-0 
36 

4-1 
52 

4-8 
20 

2i 

i 

3-6 
28 


"A  steel  magnet  gave  an  attractive  power  of  23  grains,  while 
its  lifting  power  was  not  greater  than  oOozs. 

"  The  above  results  wiO  not  appear  surprising  if  we  consider, 
first,  the  resiBtance  which  iron  presents  to  the  induction  of 
magnetism,  and,  second,  how  very  much  the  induction  is  exalted 
by  the  completion  of  the  magnetic  circuit. 

'*  Nothing  can  be  more  stnking  than  the  difference  between 
the  ratios  of  lifting  to  attractive  power  at  a  distance  in  the 
different  magnets.  Whilst  the  steel  magnet  attracts  with  a 
force  of  23  grains  and  lifts  60oz.,  the  electromagnet  No.  3 
attracts  with  a  force  of  only  5*1  grains,  but  lifts  as  much  as 
92oz. 

*'  To  make  a  food  electromagnet  for  lifting  purposes ;  1st, 


Its  iron,  if  of  considerable  bulk,  should  be  compound,  of  good 
quality,  and  well  annealed.  2.  The  bulk  of  the  iron  should 
bear  a  much  greater  ratio  to  its  length  than  is  generally  the 
case.  3rd.  The  poles  should  be  ground  quite  true,  and  fit  flatly 
and  accurately  to  the  armature.  4th.  The  armature  should  be 
equal  in  thickness  to  the  iron  of  the  magnet. 

'*  In  studying  what  form  of  electromagnet  is  best  for  attrac- 
tion from  a  distance,  two  things  must  be  oonsidered — ^vis.,  the 
length  of  the  iron,  and  its  sectional  area. 

'^Now,  I  have  always  found  it  disadvanti^eous  to  increase 
the  length  beyond  what  is  needful  for  the  winding  of  the 
covered  wire." 

These  results  were  announced  in  March,  1830.  In  May  of 
the  same  year  Joule  propounded  a  law  of  the  mutual  attraction 
of  two  electromagnets,  as  follows:  ''The  attractive  force  of 
two  electromagnets  for  one  another  is  directly  proportional 
to  the  sauare  of  the  electric  force  to  which  the  iron 
is  exposea  ;  or  if  E  denote  the  electric  current,  W 
the  length  of  wire,  and  M  the  magnetic  attraction, 
M=E'  W^"  The  discrepancies  which  he  himself  observed  he 
rightly  attributed  to  the  iron  becomins:  saturated  magnetically. 
In  March,  1840,  he  extended  this  same  law  to  the  lifting  power 
of  the  horseshoe  electromagnet. 

In  August,  1840,  he  wrote  to  the  '*  Annals  of  Electricity,"  on 
electromagnetic  forces,  dealing  chiefly  with  some  special  ^ectro- 
magnets  for  traction.  One  of  these  possessed  the  form  shown 
in  Fig.  7.  Both  the  magnet  and  the  iron  keeper  were  furnished 
with  eye-holes  for  the  purpose  of  suspension  and  measurement 
of  the  force  requisite  to  detach  the  keeper.  Joules  thus  writes 
about  the  experiments. 

'*  I  proceed  now  to  describe  my  electromagnets,  which  I  con- 
structed of  verv  different  sizes  in  order  to  develop  any  curious 
circumstance  which  might  present  itself.  A  piece  of  cylindrical 
wrought  iron,  8in.  long,  had  a  hole  lin.  in  diameter,  bored  the 
whole  length  of  its  axis  ;  one  side  was  planed  until  the  hole  was 
exposed  sufficiently  to  separate  the  thus-formed  poles  one-third 
of  an  inch.  Another  piece  of  iron,  also  Sin.  long,  was  then 
planed,  and  being  secured  with  its  face  in  contact  with  the  other 
planed  surface,  the  whole  was  turned  into  a  cylinder  Sin.  long, 


Fio.  7. — Joule's  Electromagnet. 

^in.  in  exterior,  and  lin.  interior  diameter.  The  larger  piece 
was  then  covered  with  calico  and  wound  with  four  copper  wires 
covered  with  silk,  each  23ft.  long,  and  1-llth  of  an  inch  in 
diameter — a  quantity  just  sufficient  to  hide  the  exterior  surfooe, 
and  to  fill  the  interior  opened  hole. "  ...  **  The  above  is  desig- 
nated No.  1 ;  and  the  rest  are  numbered  in  the  order  of  their 
description." 

"  I  made  No.  2  of  a  bar  of  ^in.  round  iron  2'7in.  long.  It 
was  bent  into  an  almost  semi-circular  shape,  and  then  covered 
with  7ft.  of  insulated  copper  wire  l-20th  of  an  inch  thick.  The 
poles  are  Win.  asunder,  and  the  wire  completely  fills  the  space 
between  them. 

'*  A  third  electromagnet  was  made  of  a  piece  of  iron  0*7in. 
long,  0'37in.  broad,  and  0'15in.  thick.  It  edges  were  reduced 
to  such  an  extent  that  the  transverse  section  was  elliptical.  It 
was  bent  into  a  semi-circular  shape,  and  wound  with  10in«  of 
silked  copper  wire  l-40th  of  an  inch  in  diameter. 

y  To  procure  a  still  more  extensive  variety  I  constructed  what 
might  from  its  extreme  minuteness  be  termed  an  elementary 
electromagnet.  It  is  the  smallest,  I  believe,  ever  made,  con- 
sisting of  a  bit  of  iron  wire  ^in.  long  and  l-25th  of  an  inch  in 
diameter.  It  was  bent  into  the  shape  of  a  semicircle,  and  was 
wound  with  three  turns  of  uninsulated  copper  wire  l-40th  of  an 
inch  in  thickness." 

With  these  magnets  experiments  were  made  with  various 
strengths  of  currents,  the  tractive  forces  being  measured  by  an 
arrangement  of  levers.  The  results,  briefly,  are  as  follows  : 
Electromagnet  No.  1,  the  iron  of  which  weighed  151b.,  required 
a  weight  of  2,0901b.  to  detach  the  keeper.  No.  2,  the  iron  of 
which  weighed  1,057  grains,  required  491b.  to  detach  its  arma- 
ture. No.  3,  the  iron  of  which  weighed  65 '3  grains,  supported 
a  load  of  121b.,  or  1,286  times  its  own  weight.  No.  4,  the 
weight  of  which  was  only  half  a  grain,  carried  in  one  instanoe 
1,417  grains,  or  2,834  times  its  own  weight. 

"  It  required  much  patience  to  work  with  an  arrangement  so 
minute  as  this  last,  and  it  is  probable  that  I  might  ultimately 
have  obtained  a  larger  figure  than  the  above,  which,  however, 
exhibits  a  power  proportioned  to  its  weight  far  greater  than  any 
on  record,  and  is  11  times  that  of  the  celebrated  steel  magnet 
which  belonged  to  3ir  Isaac  Newton, 
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"  It  ie  well  known  that  a  steel  magnet  ought  to  havo  a  much 
greater  length  than  breadth  or  thickneu,  and  Mr.  Sooresby  hae 
found  that  when  a  large  number  of  straight  ateel  magneta  are 
bundled  together,  the  ^wer  of  each  when  separated  and 
examined  is  groatlj  det«narated.  All  this  is  easily  understood, 
and  finds  ita  cause  in  the  attempt  of  each  part  of  Uie  system  to 
induce  upon  the  other  part  a  contrary  magnetism  to  its  own. 
StilJ,  there  ia  no  reason  why  the  principle  should  in  all  coses 
be  extended  from  the  steel  to  the  electromagnet,  since  in  the 
latt«r  case  a  great  and  commanding  inductive  power  ia  brought 
into  pl^  to  sustain  what  the  former  has  to  support  by  ita  own 
unassisted  retentive  property.  All  the  preceding  eiperiments 
support  this  poeition,  and  the  following  t*ble  gives  proof  of  the 
obvious  and  neoessaiy  general  consequence,  the  ni«.xi'Tn>ip  power 
of  the  electromagnet  is  directly  proportional  to  its  least  trans- 
verae  sectional  area.  The  second  column  of  the  table  contains 
the  least  sectional  area  in  square  inches  of  the  entire  magnetic 
circuit.  The  maximum  power  in  pounds  avoirdupois  is  recorded 
ia  the  third  ;  and  this,  reduced  to  an  inch  square  of  sectional 
area,  ia  given  in  the  fourth  column  under  the  title  of  specific 

Tabu  L 


large 

sectional 

area. 

Maximum 
power. 

Specific 

fNo.1.., 

INo.4... 
Mr.   J.   C.   Nesbife.      Length-, 
round  the  carve.  3ft. ;  di^. 

4-5in. ;  weight  of  iron,  about 

501b. !: } 

Prof.  Henry'*.     Length  round^ 
the  curve,  20iD. ;  section,  2iQ. 

off;  weight,  21Ib 

Mr.  Sturgeon's  origlnaL  Length 
round  the  oorve,  about  iTt. ; 
diam.  of  the  round  bar,  iin... 

10 

0196 
0-0436 
0-0012 

4-5 

3-94 
0196 

2090 
49 
12 
0-202 

1428 

750 
BO 

200 
250 
275 
162 

317 

lUO 
265 

"  The  above  examples  ore,  I  think,  sufficient  to  prove  the 
rule  I  have  advanced.  No.  1  was  probably  not  fully  saturated, 
otherwise  I  have  no  doubt  that  its  power  per  square  inch  would 
have  approached  300.  Also,  the  speeific  power  of  No.  4  is 
small,  because  of  the  difficulty  of  making  a  good  experiment 

These  ezperimenta  were  followed  by  some  te  ascertain  the 
effect  of  the  length  of  the  iron  of  the  magnet,  which  he 
couaidered,  at  least  in  those  cases  where  the  degree  of  magneti- 
sation is  considerably  below  the  point  of  aaturatioo,  to  offer  a 
decidedly  proportional  resistance  to  magnetisation,  a  view  the 
justice  of  which  ia  now,  after  60  year«,  amply  oonfirmed. 

In  November  of  the  same  year  further  experiments  in  the 
same  direction  were  published.  A  tube  of  iron,  spirally  made 
and  welded,  was  prepared,  planed  down  as  in  the  preceding 
case,  and  fitted  to  a  similarly  prepared  armature.  Toe  hollow 
cylinder  thus  formed,  shown  in  Fig.  8,  was  2ft.  in  length,  its 
internal  diameter  was  I-IZin.,  ibi  internal  being  0'6in.  The 
leasrt  sectional  aroa  was  10^  square  inches.  The  exciting  coil 
conoiated  of  a  single  copper  rod,  oovered  with  tape,  bent  mto  a 
sort  of  8-shape.  This  was  later  replaced  by  a  coil  of  21  copper 
wires,  each  l-2Sin.  in  diameter  and  23ft.  long,  bound  together 


Fio.  S. — Jonle'e  Cyllndrioal  Bleotromagneb. 

by  (mtton  tape.  This  magnet,  excited  by  a  battery  of  16  of 
Stoigeon's  oast-iron  cells,  each  lit.  square  and  Ij^in.  in  interior 
widt£,  arranged  in  a  series  of  four,  gave  a  lifting  power  of 
2,7751b. 

Joule's  work  was  well  worthy  of  the  master  from  whom  he 
had  learned  his  fint  lesson  in  electromagnetism.  He  showed 
hia  devotion,  not  only  by  writing  descriptions  of  them  for 
StargeoD's"Annals,"butbyeihibitiag  twoof  his  electromagnets 
at  the  Victoria  Gallery  of  Practical  Science,  of  which  Sturgeon 
waa  director.  Others,  stimulated  into  activity  by  Joule's 
example,  proposed  new  forms,  amongst  them  being  two 
Uancnester  gentlemen,  Mr.  Radford  und  Hr.  Richard  Roberts, 
the  latter  being  a  well-known  engineer  and  inventor,  Mr. 
Radford's  electromagnet  consisted  of  a  fiat  iron  disc,  with  deep 
spiral  groves  cut  in  its  face,  in  which  wero  laid  the  insulated  cop- 
per wins.  The  armature  consisted  of  a  plain  iron  diao  of  gimilar 


This  fonn  is  described  in  vol.  iv.  of  Sturgeon's  "  Annals." 

Mr.  Roberta's  form  of  electromagnet  consisted  of  a  rectangular 

}n  block,  having  straight  partllel  grooves  out  aonas  ita  face, 
in  Fig.   9,      This  was  described   in  vol.   vi.   of  Sturgeon's 

&.nnals,    p.  166.     Its  face  was  b^ia.  squaro,  and  its  thickness 

7-16in.  It  weighed,  with  the  oonduotin^  wire,  3Slb.;  and 
the  armature,  of  the  same  size  and  l^in.  thick,  weighed  231b. 
The  load  sustained  by  this  magnet  was  no  lesa  than  2,g&0Ib. 
Roberts  inferred  that  a  magnet,  if  made  of  equal  thickness, 
but  5ft.  square,  would  sustain  100  tens'  wsignt.  Some  of 
Roberta's  apparatus  is  still  preserved  in  the  muaenm  of  Peel 
Park,  Manchester. 

On  p.  431  of  the  same  volume  of  the  "  Annala,"  Joule 
described  yet  another  form  of  electromi^et,  the  form  of  which 
reaembled  in  general  Fig.  10 ;  but  which,  in  actual  fact,  waa 


Fia.  0. — Boberle'E  EleotfOmagnet, 

built  up  of  24  separate  fiat  pieces  of  iron  bolted  to  a  circular 
brass  ring.  The  armature  was  a  similar  structure,  but  not 
wound  with  iron.  The  iron  of  the  autgam  weighed  71b.,  and 
that  of  the  armature  4-&Slb.  The  weight  was  2,7101b.  when 
excited  by  16  of  Sturgeon's  cast-iron  cdla. 

In  a  Bubseauent  paper  on  the  calorific  effects  of  magnete- 
electricity,  published  in  1843,  Joule  described  another  form  of 
electromagnet  of  horseshoe  shape,  made  from  a  piece  of  boiler- 
plate. This  was  not  intended  to  give  great  lifting  power,  and 
was  used  aa  the  field  magnet  of  a  moter.  In  1852  another 
powerful  electromagnet  of  horseshoe  form,  somewhat  similar  to 
the  preceding,  was  constructed  by  Joule  for  experiment.  He 
came  to  the  conclusion  that  owing  to  magnetic  saturation 
Betting  in,  itwas  Improbable  that  any  foroe  of  electric  current 
could  give  a  magnetic  attraction  greater  than  2001b.  per  squaro 
inch.  "  That  Lb,  the  greatest  weight  which  could  be  lifted  by 
an  electromagnet  formed  of  a  bar  of  iron  lin,  square,  bent  into 
a  semi-circular  shape,  would  not  exceed  4001b." 

With  the  researches  of  Joule  may  be  said  to  end  the  first 
stage  of  development.  The  notion  of  the  magnetic  oirouit  which 
had  thus  KUided  Joule's  work  did  nob  commend  itself  at  that 
time  to  the  professors  of  physical  theories,  and  the  practical 
men,  the  telegraph  engineers,  were  for  the  moat  part  content  to 
work  by  pure^  empirical  methods.  Between  the  practical  man 
and  the  tbeorotical  man  thero  was,  at  least  on  this  topic,  a  great 


Fio.  10.— Joule's  Zlg-iag  Electromagnet). 

gulf  fixed.  The  theoretical  man,  arguing  as  though  magnetism 
consiatAd  in  a  surface  distribution  of  polarity,  and  as  though  the 
laws  of  electromagnets  were  like  those  of  steel  mn^ets,  laid  down 
rules  not  applicable  to  the  cases  which  occur  m  practice,  and 
which  hindered  rather  than  helped  progress.  The  practical  man, 
finding  no  help  from  theory,  threw  it  on  one  side  as  misleading 
and  useles.  It  is  true  that  a  few  workers  made  careful  observa- 
tions and  formulated  into  rules  the  results  of  their  investiga- 
tions. Amongst  these  the  principal  wera  Ritchie,  Robinson, 
Miiller,  Dub,  Von  Kulke,  and  Du  Moncol  ;  but  their  work  was 
little  known  beyond  the  pages  of  the  scientific  journals  wherein 
their  results  were  descnbed.  Some  of  these  results  will  be 
examined  in  my  later  lecturra,  but  they  cannot  be  discussed  in 
this  histerical  ri»umi,  which  is  accordingly  oloaed. 

(To  bt  ctmtimMd.) 
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PRACTICAL  y.  PROFESSIONAL. 

Prof.  FitzG^rald  has  touched  upon  a  subject  which 
to  safely  unravel  is  beyond  our  powers.    There  are 
too  many  men  on  both  sides  ready  to  imagine  a 
reference  is  directly  made  against  the  individual 
rather  than  against  the  system,  and  there  is  no 
doubt  the  most  delighting  controversy  to  the  out- 
sider is  that  of  the  swashbuckling  kind,  singling  out 
individuals    and   hitting   them    with    all   possible 
energy.    This  method  is  very  effective  if  you  can 
only  choose  your  antagonist ;   then,  of  course,  one 
would  naturally  be  chosen  that  would  not  have  the 
ghost  of  a  chance  against  the  attack.    In  such  a 
case,  Prof.  FitzGerald  would  be  safe  against  attack. 
He  is  a  strong  and  doughty  adversary  against  whom 
little  progress  would  be  made,  and  who  could  and 
would  drive  home  some  very  awkward  blows.    The 
first  aim  of  controversialists  should  be  to  find  some 
conmion  starting  point.    If  there  is  no  common 
ground,  no  position  about  which  all  are  agreed, 
words  are  so  much  wind — ^they  blow,  and  no  one 
knows  whence  they  come  or  what  they  mean :  the 
result  is  pretty  much  as  you  were,  except  that  tem- 
pers are  ruffled,  and  ofttimes  fiiendships  imperilled. 
Our  fundamental  conception  of  the  genus  professor 
is  probably  not  that  of  Prof.  FitzGerald.    Briefly, 
we  look  upon  a  professor  as  an  educational  medium, 
and  a  seeker  after  truth.     His  place   is    in   the 
laboratory,  the  professional  chair,  and  the  library — 
an  original  worker,  a  teacher  verbally,  and  by  means 
of  books.    His  remuneration,  if  we  had  our  way, 
should  be  greater  than  that  of  any  average  profes- 
sional   man.     We    shall   not  preclude  either  the 
professional  man  or  the  commercial  man  possessing 
exceptional  ability  and  gaining  exceptional  results. 
The  professor  should  be  amply  rewarded — ^sufficiently 
so  to  make  the  looking  after  money  unnecessary. 
We  should  be  delighted  to  see  such  a  man  as  Dr. 
Lodge  in  a  chair  with  dglO,000  a  year  attached  to  it. 
He  is  worth  it — ^but  that  is  an  aside.    Under  our 
ideal,   we    should,   as   we   do    now,  strongly  and 
strenuously  object  to  professors  mixing  themselves 
up  in  business  matters,  acting  the  Jekyll  and  Hyde 
manner — now  a  professor  whose  position  is  beyond 
reproach,  now  a  consulting  engineer  writing  reports 
for  every  comer  willing  to  pay  a  certain  fee.    There 
is  hardly  a  patent  tried  to  be  foisted  upon  the  com- 
munity   by    company  promoters  but   is    reported 
upon  satisfactorily   by   hybrid   professors.      Once 
more  our  remarks    are  not  to  be    taken  against 
individuals.    If  a  man  is  worth  £5,000  a  year,  and 
his  country  gives  him  a  professorship  of  £500,  the 
man  has  to  make  the  remaining  £4,500  somehow. 
He  makes  it  by  ''  consulting  work."    The  position 
is  a  painful  one.    The  real  consulting  engineer  says  : 
I  have  to  pay  office  expenses,  pay  a  staff  of  jtesis-* 
tantsi  and  a  great  deal  more,  and  have  to  compete 
against  men  whose  laboratory  and  all  its  ec  jntenta 
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are  supplied  with  public  money;  whose  assistants 
pay  to  work  in  the  public  laboratory,  yet  are  put  to 
work  upon  that  which  brings  a  consulting  fee  into 
an  individual's  pocketi  an  individual  also  who  is  paid 
a  salary  out  of  public  funds.  The  electrical  industry 
is  particularly  subject  to  the  domination  of  the 
hybrid  professor  consulting  engineer,  and  the  work 
he  performs  of  this  composite  nature  is  about  as  bad 
as  it  can  be.  Thus  for  we  have  stated  some  views 
as  to  what  a  professor  should  do  and  what  he  should 
not  do.  Another  point  of  difference  refers  to  what 
Prof.  FitzG^rald  terms  spoon-feeding.  This  is  an 
expressive,  but  not  an  appropriate  phrase.  With 
very  few  exceptions — ^but  these  exceptions  are 
amongst  the  most  brilliant  authorities  in  the  world's 
history — ^the  spoon-feeding  is  the  other  way  about, 
from  the  practical  to  the  professional  side. 
Thus  differently  do  different  men  view  the  same 
thing.  Our  contention  is  that  generally  the  practical 
worker— frequently  according  to  the  professional 
dictum  the  uneducated  workman — ^manages  somehow 
to  scheme  out  something  new.  The  apparatus  so 
schemed  out  has  the  one  great  merit  that  it  works, 
but  we  admit  is  seldom  perfect.  Now  that  the  nut 
has  been  cracked,  the  professors  step  in  and  examine 
the  kernel,  and  tell  us  how  it  is  that  it  works.  They 
tackle  the  theory,  they  look  at  it  analytically,  they 
look  at  it  synthetically ;  they  usually  find  that  the 
theories  held  at  the  time  of  the  discovery  are  incom- 
petent to  explain  the  whole  subject ;  they  modify, 
they  curtail,  they  extend  the  theories  till  they 
make  one  that  fits  the  case — just  as  the  Mikado 
made  a  punishment  fit  the  crime.  We  hold  that 
this  making  of  theories  to  fit  advanced  practice  is 
pretty  much  what  professors  are  built  for. 

In  electrical  matters  theory  has  not  been  pro- 
jected forward — ^it  has  hardly  caught  up  advanced 
practice.  Indeed,  we  know  of  no  theory  that  is 
perfectly  satislsbctory,  though  if  an  exception  is  to 
be  [made  let  it  be  that  of  gravitation.  To  sum  up 
thus  far,  we  contend  that  it  is  not  only  the  duty,  it  is 
the  privilege  of  professordom,  constituted  as  it  is 
at  the  public  expense,  to  explain  as  expeditiously 
and  as  simply  as  it  can  any  phenomena  which  may 
be  noticed  in  carrying  out  practical  work.  The 
practical  man  may  have  held  the  purse  strings  too 
tightly,  but  has  he  done  nothing  at  Newcastle,  at 
Leeds,  at  Manchester,  at  Liverpool,  at  Nottingham, 
Birmingham,  Bristol,  and  a  dozen  other  places  ?  He 
inay  think  £300  a  year  and  class  fees  enough  for  a 
professor,  but  that  is  partly  the  professor's  fiault.  At 
i^y  rate,  this  shows  he  is  not  pocketing  all  the 
Knoney  and  giving  nothing.  Finally,  according  to 
0ur  view,  Prof.  FitzGerald's  postscript  falls  harm- 
kss,  even  if  the  opinions  expressed  are  single,  rather 
iban  multiple.  The  practical  electrician  has  had 
pat  little  theory  to  apply;  he  has,  vdthout  much 
peory,  made  s^paratus   to   work,    and   the  pro- 


fessors  have  subsequently  applied  theories  to  that 
apparatus,  satisfactory,  perhaps,  in  a  way,  sometimes 
so  as  a  working  theory — ^hardly,  however,  calculated 
to  last  long  without  considerable  modifications.  The 
practical  man  is  supplying  "  facts,''  from  these  facts 
generalisations  are  being  made  and  laws  deduced, 
more  facts  mean  frequently  modifications  of  these 
deductions,  and  so  the  world  of  theory  goes  on. 


AUTOMATIC. 

The  automatic  machines  so  conspicuous  at  all 
railway  stations  ought  to  have  suggested  to  electrical 
apparatus  makers  a  field  wherein  good  work  may  be 
done.  The  penny-in-the-slot  arrangement  has  been 
utilised  for  giving  light  to  railway  travellers,  but 
with  the  introduction  of  light  in  houses  should  go 
contemporaneously  the  use  of  motors.  Take  hotel 
requirements,  for  example,  A  small  motor  that  could 
be  switched  on  or  off  could  be  made  to  drive  boot 
brushes,  and  any  visitor  could  have  his  boots  brushed 
at  any  time.  One  or  two  such  machines  at  the  rail- 
way stations  would  probably  be  well  patronised  by 
travellers,  and  get  rid  of  what  is  ofttimes  a  nuisance— 
the  bootblack.  A  penny  for  a  shine  is  the  nominal 
charge,  but  a  large  number  of  those  who  patronise 
the  bootblack  bestow  more  than  one  penny  for  the 
labour.  Enife-cleaning  machines,  again,  could  easily 
be  fitted  with  a  motor,  as  could  many  other 
machines  used  in  hotels  and  in  shops.  We  have 
heard  many  curious  tales  about  the  impossibility  of 
getting  what  was  wanted  in  the  way  of  electrical 
apparatus,  and  it  may  be  assumed  that  the  field  for 
these  small  motors  has  not  received  the  attention  it 
deserves,  at  any  rate  not  outsic'e  of  America  and 
American  agents.  Young  and  enterprising  firms 
might  do  worse  that  make  a  speciality  of  the  intro- 
duction of  small  motors  and  apparatus  connected 
therewith. 


THE  VAU6HAN-SHERHIN  ELECTRIC  TRICYCLE 

AND  BOAT. 


We  have  been  up  this  weak  to  48,  Eagle-wharf-road, 
Hoxton,  the  offices  of  the  Henry  Bifled  Arms  Company, 
to  inspect  an  electric  tricycle  and  an  electric  launch  driven 
by  a  new  primary  battery  and  motor  devised  by  Mr. 
Vaughan-Sherrin,  electricaJ  engineer,  of  Bamsgate.  We 
propose  to  simply  say  what  we  saw  and  what  Mr.  Vaughan- 
Sherrin  said.  We  have  seen  primary  batteries  in  scores 
rise,  glitter  for  a  moment,  ana  fall,  not  to  be  heard  of 
again.  All  we  can  say  of  Mr.  Yaughan-Sherrin's  batterv 
at  the  present  is  that  it  is  compact,  evidently  powerful, 
constant,  and  handy,  and  it  has  received  very  flatterine 
reports  from  Prof.  SUvanus  Thompson,  and  Mr.  Eempe,  of 
the  Post  Office,  and  has,  besides,  received  considerable 
attention  from  would-be  users. 

The  electric  tricycle  shown,  or  Bath  chair  rather,  is  a 
wickerwork  chair  on  three  indiarubber-tyred  wheels,  with 
front  steering.  A  tray  is  fitted  by  springs  behind,  and  on 
this  are  placed  two  narrow  boxes  of  cells  about  2ft.  long 
and  8ia  or  lOin.  hieh,  each  containing  nine  cells  of  the 
new  battery.  A  speciafiy  constructed  and  neat  little  motor  is 
geared  by  chains  to  the  tricycle  driving  wheel    The  whole 
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arrangement  in  the  trial  Bath  chair  is  yet  rather  crude  and 
rough,  but  the  Bath  chair  goes,  and  goes  very  well,  and  the 
electric  part  of  the  arrangement  certainly  does  not  seem 
excessively  large  ;  in  fact,  is  much  about  the  size  that  the 
purchaser  of  an  electric  tricycle  might  expect  it  to  be.  We 
had  a  ride  in  this  extemporised  electric  cnair,  and  found  it 
went  along  the  level  road  at  a  very  smart  walking  pace — 
some  five  miles  an  hour — and  mounted  the  slight  hills  that 
were  tried  at  a  slow  walking  pace ;  in  fact,  did  what  an 
electric  Bath  chair  should  do. 

The  battery  is  a  double-fluid  battery  of  carbon  plates  and 
zinc  plates  placed  very  close  together.  One  fluid  is  plain 
water  and  the  other  a  "special"  solution,  of  nature  not 
disclosed.  Mr.  Vaughan-Sberrin  states  that  he  has  tried  all 
known  kinds  of  primary  batteries  in  the  attempt  to  drive 
his  tricycle,  and  has  devised  a  battery  which  will  give  a 
strong  current  oi  eight  amperes— or  a  sudden  discharge  for 
uphill  work  of  up  to  25  amperes — at  a  very  small  cost;  in- 
cluding chemicals  and  plates,  2d.  an  hour  all  round  is  what 
he  has  calculated  the  cost,  and  the  battery  will  last  for  a 
run  of  nine  hours.  The  voltage  of  the  battery  is  high — 2*1 
volts,  or,  say,  1*8  volts  on  discharge.  The  two  boxes  of 
18  cells  give  30  available  volts,  and  weigh  altogether 
801b.,  which  is  sufficient  for  a  day's  run  on  the 
tricycle,  the  cost  being  thus  given  at  Is.  6d.  for 
the  nine  hours.  Mr.  Yaughan-Sherrin  sa^s  he  will 
undertake  to  supply  chemicals  and  materials  in  any 
quantity  to  carry  out  this  estimate,  and  it  is  to  be  hoped 
he  will  be  able  to  do  so.  At  anything  approaching  such  a 
figure  the  demand  for  electric  tncycles  and  invalid  chairs 
vould  be  very  e;reat.  He  says  that  as  yet  it  is  found 
impossible  to  obtain  an  electric  tricycle  in  the  market ;  he 
has  tried  himself,  and  no  one  will  undertake  to  produce  an 
electrically-driven  vehicle  at  reasonable  cost  for  running, 
and  without  the  necessity  for  dynamos  and  engines  for  charg- 
ing stations.  Budge,  the  bicycle  makers,  have,  it  is  said,  been 
offered  some  thousands  of  pounds  for  a  good  electric  machine 
and  could  not  supply  it.  Mr.  Yaughan-Sherrin  maintains 
he  has  the  article.  He  has  formed  a  company  with  a  capital 
of  £25,000,  of  which  he  states  all  but  £2,000  is  abready 
subscribed,  and  is  intending  to  start  works  for  the  manu- 
facture of  batteries,  motors,  and  electric  tricycles,  electric 
Bath  chairs,  electric  carriages,  and  electric  boats,  as  well  as 
the  supply  of  motors  and  batteries  for  any  light  mechanical 
work.  He  says  that  orders  for  tricycles,  chairs,  and  boats 
have  already  been  coming  in  rapidly,  and  that  over  a 
thousand  pound's  worth  of  orders  have  been  received ;  he 
will  soon  have  to  refuse  to  book  orders. 

We  were  afterwards  treated  to  a  ride  in  the  primary 
battery  electric  boat.  The  two  boxes  of  cells  used  in  the 
tricycle  were  lifted  out,  and  a  third  added  and  placed  in 
the  boat.  This  electric  boat,  which  was  shown  at  Henley 
last  regatta,  has  a  small  propjller  geared  by  chain  gearing 
to  a  small  ^-h.p.  motor,  and  ran  at  a  very  fair  pace — quite 
as  quick  as  boats  on  the  Thames  want  to  progress.  We 
had  a  row  up  the  canal  and  back  on  this  boat.  The  cost 
for  this  is  given  at  3d.  an  hour,  the  weight  of  battery  being 
1201b.,  lasting  nine  hours.  Afterwards  we  inspected  the 
large  launch  which  he  has  also  fitted  up,  and  has  used  at 
Bamsgate. 

Mr.  Yaughan-Sherrin  promises  to  take  a  run  with  his 
large  launch  across  from  Dover  to  Calais  with  primary 
batteries,  and  some  big  social  and  electrical  men  are,  he 
says,  to  be  invited.  He  states  that  at  need  material  for  a 
600-mile  run  can  be  stowed  on  board. 

Arrangements  are  also  made  for  the  trial  of  the  battery 
and  motor  in  tramcar  driving,  where  the  small  weight  of 
the  battery  would  be  an  advantage.  If  only  Mr.  Yaughan- 
Sherrin  can  carrv  out  his  little  plaiu  how  simple  electric 
traction  would  all  become.  It  is  all  a  question  of  economics, 
however.  If  this  battery  can  produce  its  electricity  at  9d. 
or  lOd.  a  unit,  as  Mr.  Yaughan-Sherrin  says  he  has  proved 
he  can  and  will  undertake  to  carry  out,  why  all  we  can  do 
is  to  wish  to  see  him  do  it  Not  the  least  satisfactory  part 
of  the  matter  is  that  the  company  does  not  want  money, 
but  wants  works ;'  and  the  arrangements,  we  are  told,  are 
nearly  complete  for  this;  then  it  is  business  they  will 
want. 

The  price  of  the  electric  tricycle  is  to  be  only  £30  com- 
plete, with  motor  and  battery ;  and  the  number  of  people 


who  will  buy  these  novelties,  even  if  the  maintenance  should 
be  twice  or  three  times  as  much  as  the  small  sum  mentioned, 
and  in  spite  of  the  joltings  about  of  chemicals,  may  quite 
conceivably  be  large  enough  to  employ  a  tricycle-battery- 
motor  works  as  a  speciality— to  say  noUiing  of  larger  game 
of  launches  and  tramcars  hinted  at. 

It  is  therefore  to  be  hoped  that  the  company  will  not 
lose  their  £25,000  before  they  have  convinced  us  of  their 
claim  that  the  Yaughan-Sherrin  motor  is  a  serviceable  and 
economical  combination  for  small  power. 


THE   CHAMPION   CUT-OUT. 


We  herewith  illustrate  a  cut-out  which  is  being  intro- 
duced by  Mr.  Todman,  which  he  calls  the  "  Champion'* 
cut-out.  The  diagram  will  explain  itself.  A  shows  the 
wood  casing,  B  the  line  wire,  and  C  the  cut-out.    The 


latter  is  composed  of  two  brass  ends,  to  which  the  line 
wire  is  soldered.  These  ends  are  joined  by  a  slip  of 
vulcanised  fibre,  and  the  fuse  wire  is  fixed  unaer  the  two 
screws  as  shown.  A  glass  globe  covers  the  fuse  and  con- 
nection, and  when  it  is  necessary  to  rephice  the  fuse  the 
tube  slides  along  the  wire. 


SOME  MEW  FORMS  OF  DfMAMOS.* 

BY  F.   L.  O.  WADSWORTH. 

(Concluded  from  page  266.) 

Fig.  6  is  a  cross-section  through  the  centre  of  the  arma- 
ture and  field  of  a  six-pole  machine,  showing  the  arrange- 
ment of  the  windings  of  the  exciting  coil  and  the  magnetic 
circuit  It  wiU  be  seen  that  the  arrangement  of  the 
windings  is  such  that  for  those  which  produce  the  interior 
poles  there  is  no  external  field.  In  the  case  of  the  exterior 
windings  this  is  true  of  one  side  of  the  coil  (that  next  to  the 
armature)  only.  The  windings  being  brought  out  flush 
with^the  pole-pieces,  prevent  a  direct  passage  of  the  lines 


Fir.».  4  and  5. — Conneottons  of  Disc  Armature. 

of  force  between  the  poles,  the  outer  layers  of  wire  serving 
to  force  the  lines  through  the  armature.  The  poles  may 
therefore  be  brought  very  close  to  each  other,  and  all  the 
advantages  of  M.  Mariotti's  arrangement  realised. 

The  amount  of  dead  wire  on  the  armature  becomes  very 
small  indeed,  much  less  than  is  necessary  on  a  drum  arma- 
ture of  the  most  favourable  type  of  construction,  and  the 
output  of  the  machine  per  pound  of  copper  used  is  by  that 
much  increased.  There  is  nothing  more  difficult  in  the 
mechanical  construction  than  in  the  case  of  the  ordinary 
machine.  The  inner  field,  armature  core,  and  outer  field 
may  be  stamped  with  little  loss  out  of  the  same  disc  of  sheet 
iron,  even  for  large  machines.  There  are  no  joints  in  the 
magnetic  circuit,  and  it  is  moreover  very  short ;  therefore 
few  ampere-turns  on  the  field  will  be  required.  Either  the 
armature  or  the  field  magnets  might  revolve  as  desirable, 
as  the  whole  construction  is  symmetrical  about  the  centre 
of  rotation. 

If  poles  on  one  side  of  the  armature  only  are  employed, 
there  are  several  reasons  why  internal  are  preferable  to 
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external  polae.  The  magnetic  circuit  is  much  ehorter,  the 
vindings  are  completely  surrounded  with  iron,  and  the 
field  ii  of  such  a  form  that  it  may  be  made  without  joints 
and  of  wroneht  iron,  either  anlid  or  laminated.  The  wind- 
ing of  the  field  is  very  easy ;  in  fact,  the  winding  on  a  two- 
pole  machine  is  the  same  aa  that  on  the  old  form  of  Siemens 
"shuttle"  armature.  In  addition  to  these  advantages,  the 
armature  may  he  made  of  very  large  size  (in  fact,  the 
diameter  would  necessarily  be  greater  than  in  machines 
with  extem&l  poles)  without  increasing  the  size  of  the 
machine,  the  external  dimensions  of  the  armature  deter- 
nining,  in  fact,  the  external  dimensions  of  the  machine. 


Via.  6.— Modified  Oramine  Dyatma. 

This  possible  increase  of  size  means,  of  course,  a  possible 
decrease  of  the  speed  of  rotation,  for  with  a  given  inductor 
Telocity  the  angular  velocity  varies  inversely  aa  the  diameter 
of  the  armature.  With  this  constniction  it  is  possible,  even 
desirable,  to  rotate  the  field  magnets  rather  than  the  arma- 
ture ;  and  although  the  windings  of  the  field  are  also  in 
notion,  there  is  little  trouble  in  securing  them  in  such  a 
way  that  there  is  no  danger  of  their  becoming  loosened. 

The  clearness  between  the  pole-pieces  and  the  armature 
wires  may,  as  in  the  case  of  all  machines  in  which  the 
unuture  wires  are  stationary,  be  reduced  to  the  smallest 
pcaaible  amooDt.  Even  if  the  armature  be  revolved  instead 
of  the  field,  centrifugal  force  keeps  the  armature  coils 
preued  against  the  cores  and  away  from  the  field  instead 
of  the  reverse,  avoiding  all  danger  of  ruining  the  armature 
bf  breaking  the  binding  wires.  Other  mechanical  advan- 
tages might  be  mentioned,  such  as  best  possible  ventilation 
of  tho  irmature,  easy  removal,  or  replacement  of  any  of  the 
umatiire  coils,  etc ;  but  enough  has  been  said  to  call 
ittention  to  some  of  the  more  important  advantages  of  this 
type  of  construction.     On  the  other  hand,  it  may  be  aaid 


Firs.  7  and  8.  — Modified|Dram  ArmatarQ  D^nam  a. 

tbst  Che  armature  is  mor6  liable  to  accidental  injurr,  that 
tbe  iron  of  the  field  will  be  heated  somewhat  more  by  the 
current  in  the  exciting  coils,  because  of  its  enclosed  position, 
wid  Uiat  revolving  brushes  are  objectionable  because  they 
'*'^ure  an  additional  pair  of  collecting  rings. 

mm  the  last  descnbed  form  we  pass  easily  to  another 
ID  which  the  armature  is  of  the  drum  type.  The  relative 
position  of  the  field  and  armature  core  is  the  same  as  before, 
and  the  same  etatementa  would  apply  to  this  as  to  the 
precedicg  machine.  The  armature  could  be  pround  by 
pUcin^  the  two  end  pieces,  a  a  (Fig.  7),  in  position,  winding 
on  the  wire  aa  uauid,  and  than  slipping  the  armature  core 
over  the  windings.  When  finished  the  field  would  be  com- 
pletely enclosea,  and  )t  wmM  b^  impossible  to  obtain 


access  to  it  without  unwinding  a  portion  of  the  armature. 
The  field  would  therefore  have  to  be  wound  very  carefully 
and  securely  in  order  to  prevent  the  necessity  for  any 
such  proceeding. 

This  form  may  be  again  slightly  modified  so  as  to  give 
us  that  shown  in  Fig.  9.  In  this  the  armature  has  no  iron 
core,  but  is  built  up  of  commutator-shaped  bar«  connected 
aoroBfl  the  ends  by  wires  or  discs.  The  outer  shell  of  iron 
revolves  with  the  inner  field,  and  there  is  therefore  no 
reversal  of  magnetisation  in  any  part  of  the  field  and  no 
external  field.  There  is  necessarily  a  double'air  gap,  but 
the  additional  air  space  thus  introauced  is  slight,  because 
the  clearance  may  be  made  lesa  than  that  allowable  when 


Fio,  9. — Simple  Dynamo. 

wire  windings  are  used  and  the  thickness  of  the  imsulation 
between  two  layers  of  wire  ii  saved.  Whether,  however, 
the  advantages  to  be  gained  from  the  elimination  of 
hysteresis  would  compensate  commercially  the  somewhat 
increased  cost  of  construction  can  only  be  answered  when 
special  conditions  are  assumed. 

It  will  be  noticed  that  all  of  the  fonns  so  far  described 
are  equally  symmetrical  about  the  axis  of  rotation,  so  that 
either  field  or  armature  might  revolve.  In  case  of  some 
dynamo  and  most  motor  work  it  seems  desirable  that  both 
armature  and  field  should  revolve  in  opposite  directions. 
If  the  angular  velocity  of  the  two  be  numerically  equal  the 
result  will  be  that  with  the  same  rate  of  cutting  of  lines  of 
force — viz.,  with  the  same  winding  and  output — the  speed 
will  be  reduced  50  per  cent.  This  reduction  will  in  many 
cases  enable  existing  types  of  motors  to  be  placed  directly 
on  the  shaft  of  the  driven  machine  without  the  use  of 
intermediate  gearing  or  belting.  This  arrangement  applied 
to  Dr.  Duncan's  remarkable  motor  would  give  a  speed  of 
only  45  revolutions  per  minute. 


FiOS.  10  and  II,— Motor  Oearing, 


The  means  by  which  combined  rotary  action  in  oppoBit« 
directions  may  be  obtained  are  readily  devised.  One  of 
the  most  simple  arrangements  is  that  shown  in  Fig.  10,  the 
outer  annular  gear  being  attached,  say,  to  the  field  and 
dnven  pulley,  the  inner  gear,  b,  to  the  armature  and  the 
two  pinions,  cc,  to  the  frame  or  some  stationary  poitiou  of 
the  machine.  Each  of  the  pinions,  e  c,  only  has  to  tnnsmit 
one-quarter  of  the  power  of  the  motor ;  the  wear  would 
therefore  be  light;  indeed  for  light  or  even  moderately 
heavy  work  gears  might  be  replaced  by  friction  cones, 
made  as  shown  in  Fig.  11,  the  construction  being  such  that 
any  desired  d^ree  of  presaure  between  the  driving  surfaces  . 
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may  be  obtuned  withoat  any  thruat  on  either  bearing,  and 
any  wear  readily  tafcen  up.  With  this  arrangement  the 
angular  velocity  of  armature  and  field  ie  not  quite  the  same, 
but  may  be  m'lde  very  nearly  the  aame  by  making  a  and  6 
td  sufficient  ri«.  Exact  equality  is  not  however  necessary.* 
In  street  car  work  both  azlee  could  be  driven  directly 
from  one  motor  without  any  rigiditv  or  hard  driving  action 
by  attaching  one  axle  directly  to  either  armature  or  field 
and  the  other  axle  to  field  or  armature ;  any  irrepilarity 
of  motion  between  the  two  is  then  perfectly  provided  for 
without  the  uae  of  springs  or  other  periahable  arrangements 

■Bnpin^HDiQifflH^        I 

Fio.  l^— Motor  Oearii^. 

even  more  satjafactorily  than  by  the  use  of  two  indepen- 
dent moton,  which  do  not  always  pull  together  with  as 
much  harmony  as  might  be  desirea.  There  are  various 
means  by  which  motion  might  be  communicated  from  one 
part  of  the  motor  to  the  more  remote  of  the  driven  axles, 
two  ways  being  shown  in  Fig,  12.  In  any  case  the  gears 
employed  may  all  be  of  large  siie,  ana  the  wear  and 
resultant  rattle,  consequent  upon  the  use  of  small  pinions, 
is  avoided. 


Fia,  13. — Motor  Gearing. 

There  is  one  other  suggestion  which  I  wisli  to  make,  and 
that  is  in  regard  to  a  system  of  gearing  that  might  advan- 
tageously 1>e  applied  in  gearing  down  high-speed  motors  of 
considerable  power.  The  proposed  arrangement  is  shown 
in  side  elevation  in  Fig.  13.  Only  four  gears  aie  em- 
ployed in  cbtaining  any  reduction  from  1  to  6  to  1  to  100 
or  more  if  desired,  and  these  gears  are  all  spur  gears  of 
very  neaily  equal  size ;  being  more  nearly  of  equal  size  the 
greater  the  reduction  of  speed.  A  is  the  high-speed 
(driving)  shaft,  B  the  low-speed  (driven)  shaft;  a  is  a  fixed 
gear,  d  the  gear  on  the  driven  shaft ;  b  and  c  two  gears 
revolving  together  with  a  shaft  D,  which  takes  its  bearing 
in  the  end  of  the  piece  C,  which  is  keyed  to  and  revolves 
with  the  driving  shaft  Suppfne,  for  simplicity,  that  the 
two  gears  a  ancT^  are  of  equal  size,  then  it  is  clear  that  if 


*  By  reducing  the  tize  of  b  a,ai  increatin^  t>utt  of  c,  this  same 
HTmngemoDt  would  aerve  as  a  vray  efficient  friction  seorinE 
betWMD  Ioir.ape«d  enKinSB  aod  hi^-apaod  dynamofl,  which  oonld 
be  thrown  into  operation  or  out  By  tightening  or  loosening  the 
nnts  which  hold  the  two  parte  of  the  cones,  c  «,  together, 


the  two  gears  e  and  d  are  also  of  equal  rize  when  the  part 
c  revolves,  the  gears  b  and  e  will  roll  around  on  a  and  d 
without  imparting  any  motion  to  ti.  If,  however,  c  and  d 
be  made  to  differ  in  size  there  will  be  a  relative  motion 
between  a  and  d,  and  since  a  is  fixed  d  will  be  driven 
either  in  the  same  or  opposite  directions  as  A  and  C  revolve, 
according  as  the  gear  c  is  smaller  or  larger  than  d.  As  an 
example,  suppose  a  and  b  have  each  100  teeth,  c  99,  and  d 
101 ;  then,  for  every  revolution  A,  B  would  revolve  in  the 
same  direction  an  interval  of  two  teeth,  or  the  ratio  of  the 
speed  of  B  to  that  of  A  would  be y^ - ^^  nearly.  Fori 
reduction  of  speed  from  10  to  1  approximately,  as  ordi- 
narily used  in  street  car  motor  work,  the  number  of  teeth 
in  e  and  d  would  be  95  and  105.  By  placing  two  more 
gears  which  have  a  difierent  velocity  ratio  by  the  side  of  c 
and  d,  with  a  clutch  arrangement,  whereby  either  of  the 
gean  on  the  driven  axle  may  be  engaged  with  it,  two  dif- 
ferent speeda  may  be  provided  for  at  very  slight  additional 
expense. 

EXPERIMENTS  ON  THE  BEST  SPEED  FOR         i 
DTNAHO-ELECTRIC  MACHINES.* 

BT  H.  RBOHHIKWSSI. 
A  good  dynamo  ought  to  run  regularly,  without  spark-  I 
ing,  should  give  a  good  efficiency  and  ought  not  to  heat 
dangerously  by  running  for  many  houra,  or  even  for  several  . 
days,  if  necessary.  The  fint  two  conditions  can  be  ful- 
filled by  careful  mechanical  construction  on  the  one  hand 
and  good  electrical  designing  on  the  other.  Of  this  I  will 
not  apeak  more  for  the  present.  The  efficiency  depends  on 
a  complex  series  of  different  phenomena  which  have  been 
heretofore  often  discussed.  This  question  of  efficiency  is 
directly  connected  with  that  of  beating,  of  which  I  am  going 
to  speak  more  in  detail.  Indeed,  efficiency  and  heating 
both  depend  on  tfae  quantity  of  energy  transformed  inUi 
heat  in  the  interior  of  the  machine.  ^Beating  is  the  foe 
from  which  designers  have  most  to  fear,  and  it  is  the  thing 
above  all  others  which  limits  performance  of  even  the  best 
machines.  It  has  often  happened,  for  example,  in  the 
laboratory  of  the  Soci6t6  pour  L'Eclairage  Electrique,  that 
'  a  dynamo  designed  for  14,000  watts  was  forced  for  an  hour 
up  to  22,000  watts,  and  the  machine  ran  well  and  did  not 
break  down :  but  the  temperature  had  risen  at  the  end  of  an 
hour  to  80d^.  As  it  takes  about  two  hours  for  this 
machine  to  attain  its  steady  temperature,  it  was  clear  that 
this  forced  output  could  not  be  continued  without  danger. 
It  has  often  been  proposed  to  avoid  this  difficulty  by  the  use  of 
fireproof  insulating  material.  MM.  Fritsche  and  Pichon, 
in  Qermany,  and  M.  Chertemps,  in  Paris,  have  employed 
this  expedient  and  do  not  fear  any  temperature  below 
200deg.  Nevertheless,  it  is  somewhat  likely  that  this 
practice  will  not  become  general.  It  presents  too  many 
inconveniences ;  beside,  while  it  increases  the  output  of 
the  machine,  it  diminishes  the  efficiency.  The  copper 
increases  in  resistance  on  heating,  sothattbevoltege  in  the 
machine  varies  considerably  as  the  temperature  rises.  The 
heating  reaches  the  commutator  and  brushes  and  renders 
the  care  of  them  more  difficult.  Fireproof  insulating 
material  takes  more  space  than  usual,  and  possesses  less 
endurance  from  a  mechanical  standpoint,  so  that  one  may 
often  lose  more  output  by  the  diminution  of  tfae  useful 
volume  of  copper  on  the  armature  than  is  gained  by  the 
possibility  of  running  at  higher  temperatures.  I  think  the 
maximum  temperature  which  can  safely  be  admitted  for 
the  armature  is  about  70deg. ,  say  about  40deg.  tofiOdeg.  above 
the  temperature  of  the  surrounding  air.  At  this  point 
insulating  material  stands  well,  and  the  efilect  of  increased 
resistance  of  the  copper  is  little  noticeable. 

Tbe  amount  of  heating  depends  on  two  factora — the 
amount  of  energy  tranaformea  and  the  cooling  surface. 
For  field  magnets  the  solution  is  clear  enough.  About  eight 
square  centimetres  of  cooling  surface  is  required  pier  watt 
transformed  into  heat  In  the  case  of  the  armature  the 
problem  is  not  so  simple,  for  the  quantity  of  he&t  produced 
depends  on  several  variables.  First,  on  the  current  in  the 
wires  ;  second,  on  Foucault  currenta  in  the  same  wires,  in 
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the  corOi  and,  in  general,  in  aU  the  metallic  parts  of  the 
armature;  third,  on  hysteresis  of  the  core  under  the 
reversals  of  magnetisation.  Cooling  depends  on  the  linear 
velocity  and  on  the  surface  exposed.  The  task  of  tiie  con- 
structor is  then  to  determine  all  these  quantities  so  as  to 
produce  the  maximum  output  without  passing  tiie  safe 
limit  of  heating,  say,  40deg.  above  the  temperature  of  the 
surrounding  air. 

Let  UB  consider  a  machine  of  any  construction  whatever. 
The  output  which  can  be  obtained  from  it  without  heating 
above  the  prescribed  limit  will  vary  with  the  velocity. 
There  is  evidently  but  one  speed  for  which  this  output  is  a 
maximum,  and  it  is  particularly  interesting  to  determine 
this.  Preserving  a  constant  maBpietisation,  the  ordinary 
condition  in  practice,  power,  P,  furnished  by  a  given  arma- 
ture, will  be  proportionate  to  its  velocity,  v,  and  to  the 
density,  8,  of  tne  current  in  the  wire. 

P  =  at;8. 

The  heating  produced  by  the  current  is  proportionate  to  the 
square  of  the  current  density.  If  V  is  the  total  volume  of 
copper  on  the  armature  and  p  the  specific  resistance  of 
copper,  this  will  be 

This  loss  of  energy  by  Foucault  currents  of  every  kind  is 
proportionate  to  the  square  of  the  velocity,  and  can  con- 
sequently be  written 

Finally,  the  loss  by  hysteresis  is  proportionate  to  the 
velocity.  Designating  by  Y/^  the  total  volume  of  iron  in 
the  armature,  by  o-,  the  loss  of  energy  per  cubic  centimetre 
for  a  complete  cycle  of  magnetisation,  and  by  N,  the 
number  of  reversals  per  second,  we  can  write  for  the  loss 
by  hysteresis 

No-V/ 

where  Ns 7  v  is  proportionate  to  the  velocity.  The  total 
loss  will  then  be 

The  quantity  of  heat  which  the  armature  loses  by  radiation 
for  a  given  difiference  of  temperature,  40deg.,  for  example, 
is  a  function  of  the  form  and  dimensions  of  the  surface,  Sr, 
of  the  armature  and  of  the  peripheral  velocity,  v.  When 
the  permanent  state  is  reached,  this  quantity  of  heat  lost 
must  be  equal  to  the  heat  produced,  A  P, 

It  then  remains  to  determine  the  velocity  for  the  current 
density,  S^  so  that  the  output  of  the  machine  will  be  the 
greatest  possible,  while  the  rise  in  temperature  must  not 
exceed  40d^.  We  can  represent  as  a  function  of  the 
velocity,  v,  the  quantity  of  heat  which  it  is  possible  to 
develop  in  the  armature  without  passing  the  temperature 
limit  of  40deg.    Let  o^  Fig.  1,  be  the  curve.    Hie  quantity 


Fig.  1. 

of  heat  developed  in  running  light,  that  is  to  say,  simply 
exciting  tiie  machine,  taking  into  account  the  exterior 
ciurent,  would  be  represented  by  a  short  curve,  ft.  The 
quantity  of  heat  which  it  is  permissible  to  develop  in  the 
wire  by  the  discharge  of  current  is  then  given  for  each 
velocity  by  the  difierence  of  the  two  ordinate.  When  the 
velocity  is  raised  sufficientlv  there  will  be  a  point  where  the 
two  curves  intersect.  At  this  speed  hysteresis  and  parasitic 
currents  aJone  are  sufficient  to  raise  the  temperature  to 
50deg.  At  this  speed,  consequently,  the  machine  cannot 
do  any  exterior  work  of  a  permanent  sort.  There  will  be, 
too,  a  velocity  for  which  this  exterior  work  wiU  be  a 
maximunL  diven  the  two  curves,  a  and  ft,  one  can  find 
this  velocity  by  calculation,  or  it  can  be  found  experi- 
mentally. Let  y  be  this  velocity  for  the  machine  con- 
sidered, Ch^  Ga,  the  heats  developed  at  this   point  by 


hysteresis  and  parasitic  currents  on  the  one  hand  and  by 
the  normal  currents  for  the  machine  on  the  other.  The 
dynamo  is  then  running  at  what  we  may  call  its  best  speed. 
It  can  be  easily  proved  that  when  the  dimensions  of  the 
armature  are  increased  this  best  rate  is  constant  for  a  given 
peripheral  velocity,  Y.  This  velocity  does  not  depend  on 
the  form  of  the  armature  or  upon  its  dimensions,  provided 
that  the  armature  in  changing  its  dimensions  changes 
them  symmetrically. 

Consider,  for  example,  a  machine  of  which  the  dimen- 
sions are  n  times  greater  than  those  of  the  machine  for 
which  we  have  determined  the  best  peripheral  speed,  Y, 
and  let  us  run  this  large  dynamo  at  this  speed.  The  volume 
of  iron  involved  is  n^  times  greater,  but  the  number  of 
reversals  in  magnetisation  wiU  be  n  times  snudler,  con- 
sequently the  heat  produced  by  hysteresis  will  be  n^  times 
that  in  the  smaller  machine.  Loss  of  parasitic  currents 
increases  almost  in  the  same  proportion  if  the  machine  is 
well  constructed,  for  this  loss  depends  on  the  peripheral 
velocity,  the  division  of  the  materials — ^which  is  the  same 
in  the  two  cases — and  the  surface  of  the  armature  more 
than  upon  its  volume.    To  sum  up,  the  heat  G^  developed 

by  hysteresiB  and  parasitic  currents  would  be  n^  times 
lai^er ;  but  the  ooohng  will  be  also  n*  times  larger,  since  it 
only  depends  on  the  surface  and  periph^td  velocity,  con- 
sequently the  total  quantity  of  heat  which  one  can  allow 
to  be  developed  without  danger  to  the  armature  would  be 
n<  times  greater  than  before.    The  quantity  of  heat,  G^, 

which  can  be  permitted  to  be  developed  in  the  wire  will  be 
also  n^  times  greater,  which  gives 

The  ratio  of  these  two  quantities  of  heat  remains  constant 
for  all  similar  armatures  which  have  like  dimensions  on  con- 
dition that  they  are  run  at  the  same  peripheral  velocity,  v. 
The  power,  P',  developed  by  the  large  machine  vnll  be,  as 

can  be  simply  calculated,  nt  greater  than  in  the  small 
machine,  and  the  heating  of  the  machine  in  its  permanent 
running  condition  will  be  the  same.  We  see,  then,  that 
this  first  machine  dyes  its  maximum  power  for  a  certain 
peripheral  velocity,  V.  The  large  dynamo  will  furnish  its 
greater  power  at  the  same  velocity,  which  was  the  proposi- 
tion laid  down  to  be  demonstrated. 

Let  us  consider,  now,  more  in  detail  the  different  fosses 
of  energy  in  the  armature.  The  loss  by  the  passage  of  Uie 
current  through  the  wire  is  inevitable  and  can  be  easily 
calculated.  The  same  is  true  of  the  loss  of  energy  in 
hysteresis,  but  this  is  not  true  for  the  loss  bv  Foucault 
currents.  By  means  of  careful  construction  this  can  be 
diminished  very  much  until  it  is  almost  negligible,  although 
the  task  is  not  always  easy.  The  loss  from  this  cause  in 
the  iron  can  be  reduced  to  a  very  small  Quantity  by  suffi- 
cient care  in  lamination ;  but  in  machines  for  large  output 
there  are  similar  losses  in.the  wires  it  they  are  of  large  size, 
or  between  the  different  wires  of  a  group  if  they  are  joined 
in  multiple  arc.  These  losses  can  be  reduced  by  composing 
the  winoings  of  a  large  number  of  thin  wires  in  parallel, 
and  twisting  tiiem  together  before  being  wound  upon  the 
armature.  This  arrangement,  however,  is  objectionable 
from  the  space  occupied,  for  less  wire  can  be  put  upon  the 
armature  tnan  if  the  individual  wires  were  placed  parallel 
to  each  other.  Toothed  armatures  are  not  subject  to  this 
difficulty,  for  the  teeth  protect  the  wire  placed  in  the  inter- 
stices ;  m  other  words,  all  the  wires  placed  in  a  given  slot 
are  submitted  at  the  same  time  and  not  successively  to  the 
changes  in  magnetisation,  and  consequently  there  are  no 
differences  of  potential  produced  between  them.  This  con- 
stitutes a  considerable  advantage  in  using  toothed  armatures 
for  large  machines.  The  parasitic  currents  are  inconsider- 
able, as  we  have  shown  by  placing  bars  of  copper  in  the 
slots  and  turning  the  armature  in  a  magnetic  field. 

The  following  results  were  obtained  in  the  laboratory  of 
the  Soci6t^  pour  L'Eclairage  Electrique.  The  curves  of 
Fig.  2  represent  the  losses  by  hysteresis,  Foucault  currents 
and  friction  in  a  machine  giving  14,000  watts  at  110  volts 
and  127  amperes  at  1,250  turns  per  minute.  Gircles  dotted 
in  the  centre  show  for  each  current  the  velocity  at  which 
tiie  potential  of  100  volte  was  reached,    These  curves  are 
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obtained  in  the  following  way :  The  armature  was  run 
light  as  a  motor  for  different  excitation  of  the  field 
magnets,  and  the  current  and  voltage  absorbed  by  the 
armature  were  noted  at  different  speeds.  The  current 
multiplied  by  the  voltage  gives  the  work  absorbed  by  the 
armature  running  empty.  Plotting  for  each  excitation  of 
the  magnets  this  work  as  ordinates  and  the  speeds  as  abscissae, 
we  obtain  the  curves  1,  2,  3,  and  4.     in  making  these 


curvature  of  the  curve  toward  its  top  can  be  attributed  to 
the  mechanical  friction  of  the  air,  which  increases  as  the 
square  of  the  velocity.  Fig.  3  shows  the  same  curves  for 
a  machine  giving  normally  10,000  watts  at  1,400  turns, 
and  for  successive  excitations  of  2,000,  2,600,  3,900,  5,200, 
and  7,150  ampcre-tums.  Fig.  4  represents  the  charac- 
teristics of  this  machine.  As  is  evident,  the  normal  field 
requires  an  excitation  of  about  3,900  ampere-turns.  Tables 
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experiments  the  purpose  was  to  determine  the  magnetic 
field  and  the  speed  wnich  would  give  for  a  given  frame, 
first,  the  best  efficiency ;  second,  the  greatest  output.    For 
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Fio.  2.— -LoBses  in  Dynamoe  Running  Ligbt  at  VariouB  Speeds. 

this  purpose  it  is  necessary  to  know  how  losses  of  a  machine 
vary  when  either  field  or  velocity  are  made  to  vary.  Curve 
1  gives  losses  for  a  field  of  7,240 ;  curve  2,  6,000 ;  curve  3, 
5,200;  curve  4,  3,800;  counting  as  the  strength  of  the 


1000       w»       3ono      #000       8000      ecoo       7C0O      soooTuniH 
Fio.  4.— Characteristic  of  a  lO-Kilowatt  Machine. 

field  that  developed  in  the  pole-pieces.  We  see  from  the 
form  of  the  curves  that  the  losses  increase  in  this  machine 
at  a  rate  varying  nearly  proportional  to  the  velocity — that 
is  to  say,  the  Foucault  currents  are  negligible,    The  slight 


1,  2,  3,  4  and  5  are  the  data  from  which  curves  of  Fig.  3 
were  drawn.  They  show  the  voltage  corresponding  to 
each  velocity  and  to  each  excitation. 

Table  L 

MaKnettaingfon*.  7.180  {g^l^S^' rtu^^S.^. 

E.M.F.  at 


Current  in 
armature. 
6-07 
6*22 
6-56 
6-56 
6-87 
7  00 
7-33 
7-47 
8*02 
8-02 


brushes. 

31 

52 

63 

76 

90 
100 
107-6 
113-5 
133 
150 


Current  in 
armature. 
3-50 
6-87 
7-75 
7-76 
7-76 
8-00 
8-10 
8-20 
8-50 
8-70 
8-80 
8-80 


E.M.F.  at 
brushes. 
7-00 
.    [39-60 
.     49 
.     60 
.     68 
.     78-50 
.     92 
.    105-5 
.    115 
.    132 
.    143 
.    153 


\         Energy  absorbed 

in  armature. 
157'17     

Number  of 
turns. 
486 

323-44     

876 

412-65      

1,074 

497-80     

1,332 

618-30     

1,514 

700-00     

1,630 

787-97     

1,792 

847-84     

1,912 

1.066-66     

2,288 

1,203-00      

2,506 

Table  n. 

/Current,  2  amperes. 

"'\Number  of  turns,  2,000 

Enerycy  absorbed 

in  armature. 

24-5       

Kumberof 
turns. 
116 

271-36     

652 

879-75     

856 

465          

1,056 

527          

1,204 

628          

1,420 

745-20     

1,624 

86510      

1,836 

977-50  2,036 

1,148-40  2,312 

1,258-40  2,616 

1,346-40  2,812 


Table  III. 
M-gnetUingforoe.  3.900  {^r^' itZ^Sbo. 


Current  in 
armature. 
3-50 
4-14 
5-40 
6-60 
6-20 
6-50 
6-50 
6-55 
6-80 
6*80 
7 
7 
7 

7-30   » 
7-30 
7-30 
8 


E.M.F.  at        Energy  absorbed         Number  of 

brushes.  in  armature.  turns. 

29-75     120 

68-31      300 

162  544 

218-40     740 

294*50      840 

325  972 


8-50 
16-50 
30 
39 

47-5Q 
50 
59-50 
63 
66 
71 
76 

78-50 
85 
89*5 
95 
98 

m 


' f  ?  *  ** ' 


386-75  1,168 

412-65  1,256 

448-80  1,310 

482-80  1,424 

532  1,500 

549-50  1,620 

595  1,704 

658-35  1,852 

693-50  1,900 

715*40  2,010 

1,000  2,474 
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Taimub  Vi. 

Receiving  maohine. 

Driving  machine. 

Efficiency. 

the  terminals. 

.Current. 

Speed. 

Power 
fumiBhecL 

£.M.F.  at 
the  terminals. 

Cnrrent 

Speed. 

Power  at  the 
terminals. 

Of  Uiewhole. 

Of  each 
machine. 

121*6 

60 

1,572 

7,296 

101*84 

53-3 

1,554 

5,429 

0*744 

0*862 

119*6 

60 

1,534 

7.176 

99-5 

53*3 

1,524 

5,292 

•737 

*858 

119*6 

60 

1,534 

7,196 

99 

53*7 

1,504 

5,316 

•740 

•860 

:i26'6 

63 

1,534 

7,969 

103*7 

54*2 

1,648 

5,620 

•705 

•839 

123*6 

66*7 

1,610 

6,884 

101*8 

48*7 

1,580 

4,955 

•719 

•9AA 

123*6 

52 

1,610 

6,427 

103*2 

46*3 

1,574 

4,778 

•752 

•867 

123*6 

50*8 

1,654 

6,278 

104 

44 

1,620 

4,576 

•728 

•853 

123*6 

46*3 

1,654 

5,722 

104 

40*4 

1,610 

4,201 

•734 

•867 

123*6 

43*4 

1,654 

5,364 

103*7 

37*4 

1,600 

3,878 

•722 

•850 

123*6 

40*2 

1,654 

4,968 

108*7 

33*7 

1,618 

3,494 

•703 

•838 

123*6 

35*0 

1.678 

4,326 

104*6 

28 

1,628 

2,928 

•677 

•822 

123*6 

31*4 

1,678 

3,881 

105 

24 

1,602 

2,520 

•649 

'805 

123*3 

27*3 

1,666 

3,374 

105*6 

20 

1,624 

2,112 

•625 

•791 

123*6 

24-7 

1,744 

3,052 

106 

16*7 

1,650 

1.770 

•665 

•815 

123*6 

10 

1,758 

1,236 

106 

»•  • 

1,732 

*■ . 

•665 

•815 

123*6 

7*2 

1,758 

889 

' .  • 

•  •  • 

1,700 

■  a. 

-665 

•815 

I  have  made  the  same  experiments  with  several  otherl 
types — among  these  my  5,700-watt  machine.  The  steady 
temperature  of  this  class  of  machines  is  found  to  be  65deg. 
for  the  armature  and  56deg.  for  the  field  magnets.  Under 
these  conditions  the  resistance  of  the  armature  at  65deg. 
was  *059  ohm,  the  resistance  of  the  series  coil  *0358  ohm. 
of  the  shunt  coil  and  of  the  rheostats  61  ohms.  At  full 
load  it  gave  110  volts  at  the  terminals,  51  •S  amperes  on 
the  exterior  circuit  and  on  the  series  coils,  52*6  on  the 
armature  and  1*8  on  the  shunt  coils.  The  losses  by 
heating  can  then  be  calculated  as  previously  and  amount 
to  472-366  watts.  The  loss  by  hysteresis  and  Foucault 
currents  at  1.600  turns  and  the  normal  field  amounted  to 
307  watts.  Total  energy  lost  was  then  779*366  watts, 
which  gives  an  efficiency  of  0^88.  Two  similar  machines 
were  then  belted  together  and  gave  the  results  shown  in 
Table  VI.,  one  acting  as  a  motor  and  the  other  as  a 
generator. 

It  will  be  seen  from  this  table  that  the  highest  efficiency 
obtained  was  0*867,  diffisring,  consequently,  by  1*3  per  cent, 
from  the  calculated  efficiency.  This  difference  is  quite 
explicable  by  the  difference  in  speed  6l  the  two  machines. 
For  example,  the  first  machine  ran  at  1,610  turns,  the 
second  at  1,574.  There  were  then  36  turns  lost  by 
slipping.  This  difference  in  speed  is  more  than  sufficient  to 
explain  the  difference  between  the  measured  and  calculated 
efficiencies.  This  last  table  is  quite  interesting,  because  it 
gives  the  efficiency  at  different  loads.  It  will  be  noticed 
that  the  efficiency  is  given  through  quite  wide  limits; 
even  running  at  one-third  load  it  still  remains  nearly  80 
per  cent 

High  Power  Machines. — ^We  have  seen  that  as  the  dimen- 
sions of  machines  increase  the  output  increases  rather  more 
rapidly  than  the  weight  On  the  other  hand,  the  diminu- 
tion in  labour  in  building  does  not  correspond  with  this 
increase  of  weight,  because  the  pieces  become  harder  to 
manage,  and  are  not  as  conveniently  made  as  the  parts  of 
smaller  machines.  Consequently,  large  machines  made  on 
similar  patterns  with  small  ones  shoidd  cost  rather  more. 
What,  then,  is  the  most  economical  construction  ?  It  is 
probably  reached  by  modifying  the  relative  dimensions  of 
the  pieces.  The  cooling  suriace  must  be  increased  by 
intenor  ventilation,  or  by  making  the  armatures  shorter  and 
of  larger  diameter.  These  modifications  determine  a  new 
peripheral  speed  somewhat  higher  than  the  orisinal,  and  a 
rather  greater  current  density.  In  other  words,  for  each 
size  of  machine  there  are  certain  forms  and  dimensions 
which  will  give  the  best  result  These  very  large  dynamos 
present  certain  special  difficulties  which  should  be  carefully 
noted. 

Suppose  that  the  dimensions  are  increased  in  the  ratio 
of  1  to  n  to  produce  the  same  field  running  light,  n  times 
the  original  number  of  ampere-turns  will  be  required  on 
the  field  magnets ;  but  meanwhile  the  number  ot  ampere- 
turns  on  the  armature  for  the  same  heating  increases  in 
the  proportion  of  n^  to  1,  so  that  for  a  certain  definite  size 
it  would  equal  the  ampere-turns  on  field  magnets,  con- 
sequently sparking  must  ensue.  The  excitation  of  the 
magnets  should  be  increased  to  compensate  for  the  voltage 


lost  by  the  demagnetising  action  of  the  armature.  The 
laiver  the  machine  the  more  this  effect  will  make  itself  felt 
unkss  the  magnets  both  as  to  iron  and  copper  are  increased 
in  size.  The  effect  is  very  marked  indeed  in  shunt-wound 
machines  submitted  to  considerable  variations  of  load. 
Before  there  is  time  to  adjust  the  excitation  to  this  varia- 
tion a  formidable  sparking  often  injures  the  commutator. 
The  exterior  field  is  likely,  too,  to  become  powerful  These 
inconveniences  increase  so  seriously  that  it  seems  to  me 
almost  impossible  to  construct  bi-polar  machines  of  very 
high  power. 


Fios.  6  and  7. 

Multipolar  machines,  500  to  1,000  h.p.,  do  not  present 
these  difficulties.  From  every  point  of  view  whieh  comes 
under  our  consideration  they  act  as  a  series  of  bi-polar 
machines  of  smaller  size,  joined  in  multiple.  The  number 
of  ampere-turns  in  the  armature  is  divided  by  the  number 
of  poles  so  that  one  can  construct  multipolar  machines  aa 
powerful  as  may  be  desired  with  an  armature  reaction 
as  weak  as  convenient  Such  machines  can  even  be  con- 
structed so  as  to  have  no  lead  of  brushes.  It  is  only 
necessary  for  this  to  construct  them  with  a  considerable 
number  of  poles  so  as  to  reduce  the  reaction  of  the 
armature  and  to  force  the  excitation  slightly.  It  is  im* 
possible  to  do  this  in  machines  with  Iaq;e  poles  wound 
shunt  or  compound.  All  these  inconveniences  of  reaction 
of  the  armature  come  from  the  fact  that,  to  avoid  s^rk- 
ing  at  the  brushes,  we  are  obliged  to  place  them  in  a 
position  where  the  field  produced  by  the  armature  is 
counterbalanced  by  the  field  produced  by  the  magnets, 
which  compels  us  to  furnish  to  the  magnet  a  number  of 
ampere-turns  greater  than  the  maximum  of  those  which 
can  be  produced  at  any  time  by  the  armature.  The 
ampere-turns  of  the  armature  and  the  field  magnets  work 
then  in  opposition  and  neutralise  each  other.  The  effect 
is  very  noticeable  on  machines  with  straight  pole-pieces- 
Fig.  6,  since  the  ampere-turns  of  the  armature  between 
the  pole-pieces  work  ourectly  in  opposition  to  the  ut^gnel 
although  under  the  pole^pieces  the^  onlv  diston 
field ;  they  would  not  even  tend  to  diminish  it  if 
effects  of  saturation  in  the  iron  did  not  compli< 
phenomena. 

But  it  is  possible  to  employ  other  methods  o'  ^M  stopping 
sparking  at  the  brushes,  and  in  this  case  v  '   ^  ^^  tbi 
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ampere^turns  in' the  armature  need  not  necessarily  be  put 
in  opposition  with  those  of  the  magnets,  but  even  may  help 
them.  Consider  the  arrangement  of  Fig.  8.  NS  is  the 
principal  electromagnet  which  we  put  in  the  interior  of  the 
ring  armature.    Two  little  electromagnets  designed  to  stop 


Fio.  8. 

BparkiDg  are  also  shown.  We  see  that  in  this  position  the 
ampere>tums  of  the  armature  increase  or  diminish  the  field. 
One  could  then  even  make  a  machine  without  wire  upon 
the  magaets.  During  the  past  winter  1  have  made  some 
experiments  on  a  machine  constructed  on  the  above 
principle,  and  the  results  completely  agree  with  the  theory. 
Mr.  Swinburne,  one  of  the  cleverest  llnglish  electricians, 
has  given  recently  the  results  of  some  other  experiments 
for  obtaining  the  same  results. 


REPORT  OP  THE   COMMITTEE   ON   ELECTRICAL 
STANDARDS  TO  THE  BRITISH  ASSOCULTION. 


LsoAL  Ohms. 

The  work  of  testing  resiatance  coils  has  been  combined  at  the 
C^vendiah  laboratory.    A  table  of  value  foand  for  the  ooila 
appended  : 
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No.  of  ooiL 

Resistance  in 
legal  ohms. 

Tempera- 
ture. 

balder 1,577    C.L.C.    189 

Nalder 1,678    C.L.C.     190 

Nalder 1,679    CKC.     191 

BdiBon-Swan  le    C.L.a     192 

EUiott 229    C.L.C.     193 

Efliott 230    C.L.C.     194 

Simmons —      C.L.C.     195 

Nalder 1,828    C  L.C.     196 

Nalder 1,627    C.L.C.     197 

Nalder 1,628    C.L.C.     198 

Nalder 1,680    C.L.C.     199 

*99981 
1-00089 
1-00041 

-99846 
1-00028 
1-00021 

-99992 
1-00045 
1-00056 
1-00058 
1-00072 

16-9 
16-9 
16-9 
13-9 
16-9 
16*9 
16-8 
16-3 
15-3 
14-8 
16-3 

B.A.  Umr. 

It  would  be  of  oonsidersble  advantage  in  the  testing  if  all  the  ooils 
were  made  of  a  uniform  sise.  The  original  standards  of  the  asso- 
ciation measure  6iin.  from  the  bottom  of  the  case  to  the  underside 


I 


a 
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of  the  horiaontal  portion  of  the  oopper  oonneotinff  rods,  while  the 
vertical  portion  ot  these  rods  is  8in.  m  length,  l^ese  dimensions 
abottld  be  adopted  in  all  coils  sent  to  be  tested  ;  if  this  be  done  the 
hatha,  etc.,  made  to  hold  the  standards  hold  the  coils  equally  well, 
and  the  additional  convenience  in  testin^r  is  very  great. 

The  original  standards  of  the  association  have  again  been  several 
tiiaas  oompared  among  themselves. 

The  results  of  the  comparisons  appear  to  show  that  while  the 
>oil8,  A,  B,  G.  Da  B.  and  ilat,  have  remained  constant  relative  to 
*  wh  other,  the  three  platinum  silver  coils,  F,  G,  and  H,  have 
^  ranged. 

^  The  change  in  F  was  referred  to  at  the  end  of  the  report  in  1888t 
^'1  is  now  very  laxge.    The  coll  has  increased  in  resistance  by 

^ut  -0006  B« A.  unite ;  O,  on  tiie  other  hand,  has  fallen  by  about  i 


-0002  B.A.  units,  and  H  by  about  -0001  unit  The  evidence  for 
these  various  statements  is  given  in  an  appendix  to  the  report  by 
the  secretary. 

It  is  perhaps  worth  remark  that  in  each  case  the  change  either 
took  place  during  the  time  that  the  coil  was  immersed  in  ice  or 
was  found  to  have  happened  when  the  coil  was  next  measured  after 
its  removal  from  the  ice. 

The  legal  ohm  ooils  have  not  varied  relative  to  Flat. 

The  investigations  into  the  resistance  of  copper  have  been  con- 
tinued by  Mr.  Fitzpatrick.  The  committee  desire  again  to  thank 
the  gentlemen  who  have  rendered  him  assistance  in  various  ways. 

MX,  Fitzpatrick  has  examined  various  specimens  of  copper 
supplied  him  as  wire.  He  has  also  examined  copper  preparea  for 
him  as  pure  by  Messrs.  Button,  as  well  as  some  which  ne  prepared 
himself  electrolytically  from  carefully  purified  copper  sulphate. 
These  last  two  specimens  lead  to  practically  the  same  value  as 
that  obtained  b  v  Matthieesen  for  the  specific  resistance  of  copper — 
viz.,  1,767  X 10-*  B.A.  unite  at  18deg.,  the  specific  gravity  ox  these 
specimens  is  about  8-90.  Two  wires  supphed  to  him  have,  how- 
ever, a  distinctly  lower  resistance :  the  value  for  one  being  1,731  x 
10-'  and  for  the  other  1,724  x  10-';  a  difference  in  the  one  case 
of  2  and  in  the  other  of  2-4  per  cent.  The  specific  gravity  of  the 
first  of  rhese  wires  is  8*940  and  of  the  other  8-946,  and  Mr.  Fitz- 
patrick assigns  the  increased  conductivity  to  increased  density 
rather  than  to  greater  purity. 

Matthieesen  gives  his  results  for  the  resistance  of  copper  at  Odeg. 
The  observations  were,  however,  made  meetly  at  a  temperature  of 
18dep.  or  20deg.,  and  reduced  to  Odee.  by  the  use  of  a  temperature 
coefficient.  So  that  the  value  at  iSeg.  found  from  Uiat  at  Odeg. 
by  the  same  coefficient  will  probably  repreeent  the  result  of 
Matthiessen'e  work  more  accurately  than  the  one  he  {[ives  himself. 
Various  other  points  of  importance  are  discussed  in  Mr.  Fitz- 
Patrick's  appendix.  He  hopes  to  be  able  to  give  the  results  for 
some  copper  prepared  by  chemical  means  by  Mr.  Skinner  and 
himself.  He  has  also  made  a  number  of  measurements  on  silver, 
but  these  are  not  yet  complete. 

Dr.  Muirhead  and  the  secretary  have  both  been  working  inde- 
pendently at  the  construction  and  measurement  of  a  standard  air 
condenser. 

Two  such  condensers  have  been  made  for  the  committee  by  the 
Cambridge  Scientific  Instrument  Company,  on  a  plan  suggested 
bv  Dr.  ]£iirhead,  and  mentioned  in  the  last  report.  The  capacity 
of  each  of  these  is  about  iXt  microfarad.  Some  slight  altenitions 
are  required  to  one  of  these,  the  other  is  completely  satisfactory. 
Its  capacity  has  been  repeatedly  found,  and  remains  constant  to 
at  least  witnin  one  in  2,000,  which  is  about  the  limit  of  accuracy 
attained.  Its  insulation  resistance  is  good,  the  loss  b^  leakage 
being  about  one  in  1,000  of  the  total  charse  per  one  mmute.  It 
has  Seen  found  possible  to  compare  readily  with  this  standard 
various  mica  condensers  having  capacities  of  1,  '6,  *1,  and  -05 
microfarad.  The  accuracy  of  these  aeterminations  is  about  one  in 
2,000.  A  full  account  of  the  construction  of  the  condensers,  and 
of  the  method  of  making  the  various  tests,  is  giveirin  an  appendix 
by  the  secretary,  while  I)r.  Muirhead  has  contributed  some  notes 
on  his  own  condensers  and  tests. 

Another  appendix  contains  an  account  of  a  very  careful  and 
interesting  comparison  between  the  standard  mercury  thermo- 
meters of  the  association  and  a  platinum-resistance  thermometer 
constructed  by  Mr.  E.  H.  Griffiths.  The  resistance  thermometer 
was  graduatea  by  means  of  Begnault's  numbers  for  the  vapour 
pressure  at  various  temperatures  oetween  0  and  100. 

The  curve  of  corrections  obtained  in  this  way  is  exactly  parallel 
to  that  given  by  the  Kew  comparisons ;  there  is  throughout  the 
range  a  constant  difference  of  0-(K2deg.  between  them.  This  amount 
is  within  the  limits  of  error  on  the  mercury  thermometer. 

The  question  of  the  best  value  to  adopt  for  the  dimensions  of  a 
mercury  column  having  a  resistance  of  one  ohm  has  been  raised  by 
some  members  of  the  committee  during  the  year.  There  is  no 
doubt  that  the  column  of  106  centimetres  adopted  by  the  Paris 
Conference  in  1884  is  too  short. 

After  a  discussion  of  the  results  of  the  most  recent  observations, 
the  following  resolutions  were  adopted  bv  the  committee : 

(1)  The  committee  recommend  for  adoption  as  a  standard  of 
resistance  sufficiently  near  to  the  absolute  ohm  for  practical 
purposes  the  resistance  of  a  column  of  mercunr  106-3  cm.  in  length 
1  square  mm.  in  section  at  a  temperature  of  Odeg.  C. 

{i)  That  for  the  purpose  of  issuing  practical  standards  of 
resistance  the  number  -9866  be  adoptea  as  the  ratio  of  the  B.A. 
unit  to  the  ohm. 

Thus  the  new  unit  may  be  obtained  from  the  B.A.  unit  by 
increasing  it  in  the  ratio  -9866  to  unity,  or,  to  put  it  differently, 
the  specific  resistance  of  mercury  in  B.A.  units  is  taken  as 
'9535  X  10-^  and  the  length  of  a  column  of  mercury  which  has  a 
resistance  of  one  B.A  unit  as  104*97  cm.  The  specific  resistance 
of  mercury  in  ohms  is  -9407  x  10-1 

In  conclusion,  the  committee  wish  to  ask  for  reappointment  to 
enable  them  to  continue  the  work  of  constructing  and  issuing 
standard  instruments.  Of  the  grant  of  £50  made  at  Newcastle, 
only  £12.  17s.  has  been  drawn.  In  order  to  check  any  further 
change  in  the  values  of  the  B.A.  units,  and  to  render  it  less  neces- 
sary to  employ  the  original  standards  in  all  the  comparisons  which 
are  made,  it  is  desirable  that  the  committee  should  possess  three 
or  four  copies  of  the  B.A  unit ;  while  to  enable  comparisons  to  be 
made  between  the  new  air  condensers  and  condensers  of  capacity 
compatible  with  a  microfarad,  a  resistance  box  going  up  to  several 
hundred  thousand  ohms  is  rec[uired. 

The  committee  are  of  opinion  that  they  should  be  in  a  position 
to  purdiase  these  resistances ;  they  therefore  recommend  that  they 
be  reappointed  with  a  mant  of  £100,  that  Prof.  Carey  Foster  be 
the  chanrman,  and  Mr.  K.  T.  Glazebrook  secretary. 


SOO 
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THE   BRITISH  ASSOCIATION   AT   LEEDS. 


PRESIDENTIAL    ADDRESS  BY  SIR  FREDK.  AUGUSTUS 
ABEL,  C.B.,  D.C.L.,  D.So.,  F.R.S.,  ftc. 

{Concluded  from  page  $77,) 

Another  moet  remarkable  feature  connected  with  the  develop- 
ment of  the  petroleum  industry  is  presented  by  the  utilisation, 
within  the  last  few  vears,  of  the  vast  supplies  of  natural  inflam- 
mable gas  f  umishea  by  the  oil  fields. 

In  America  this  remarkable  gas  supply  was  for  a  long  time  only 
used  locally,  but  before  the  close  of  1885  its  conveyance  to  a  dis- 
tance by  pipes,  for  illuminating  and  heating  purposes,  had 
assumed  large  proportions,  one  of  the  companies  in  Pittsbuigh 
having  alone  laid  335  miles  of  pipes  of  various  sizes,  through  which 
gas  was  supplied  equivalent  in  heating  value  to  3,650,000  tons  of 
coal  per  annum,  since  then  the  consumption  in  and  around 
Pittsburgh  has  probably  been  at  least  tripled.  At  the  close  of 
1886  six  different  companies  were  conveying  natural  eras  by  pipes 
to  Pittsburgh  from  107  wells ;  500  miles  of  pipe,  ranging  in 
diameter  from  30in.  to  Sin.,  were  used  by  these  companies, 
232  miles  of  which  were  laid  within  Pittsburgh  itself.  The 
Philadelphia  Company,  the  most  important  of  these  associatmns, 
then  owned  the  gas  supply  from  54,000  acres  of  land  situated  on 
all  the  anticlinab  around  Pittsburah,  but  drew  its  supplies  only 
from  Tarentum  and  the  Murraysvule  field.  It  supplied,  in  1886, 
470  factories  and  about  5,000  dwellings  within  the  city,  besides 
many  factories  and  dwellings  in  All^hany,  and  in  numerous 
neighbouring  villages.  The  average  eas  pressure  at  the  wells, 
when  the  escape  is  shut  off,  is  about  SOGlh.  per  square  inch,  and  in 
the  case  of  new  wells  this  pressure  is  very  greatly  exceeded.  In 
order  to  minimise  the  danger  from  leakage,  the  gas  pressure  in  the 
city  is  reduced  to  a  maximum  of  131b.,  and  is  regulated  by  valves 
at  a  number  of  stations  under  the  control  of  a  central  station. 
The  usual  pressure  in  the  larger  lines  is  from  61b.  to  81b.,  while  in 
the  low-pressure  lines  it  does  not  exceed  4oz.  to  5os. 

The  effect  of  the  change  from  coal  gas  to  natural  gas  upon  the 
atmosphere  over  Pittsburgh  has  been  moet  marked ;  formerly  the 
sky  was  constantly  obscured  by  a  canopy  of  dense  smoke ;  now 
the  atmosphere  is  clear,  and  even  white  paint  may  with  impunity 
be  employed  for  the  house  fronte. 

The  very  rapid  development  of  the  enoplojrment  of  natural  gas 
is  not  connnea  to  the  neighbourhood  of  Pittsbunrh  ;  it  is  used  tor 
heating  purposes  in  the  cities  of  Bu£blo,  Erie,  Jamestown, 
Warren,  Olean,  Bradford,  Oil  City,  Titusville,  MeadviUe,  Youngs- 
town,  and  perhaps  twenty  more  towns  and  villages  in  Pennsyl- 
vania, and  !n or th- Western  New  York.  In  North-vVestem  Ohio, 
the  cities  of  Toledo  and  Sandusky,  the  towns  of  Findlay,  lima. 
Tiffin,  Fostoria,  and  others  in  that  section  are  also  supplied  iirith 
natural  gas ;  a  pipe  line  has,  moreover,  been  recently  laid  to 
Detroit,  Mich.,  and  it  is  estimated  that  in  these  localities 
36,131,669,000  cubic  feet  of  the  gas  were  consumed  during  last 
vear,  displacing  1,802,500  tons  of  coal.  To  the  south-west  of  Pitts- 
burgh there  are  many  smaller  places  which  consume  natural  gas ; 
it  abo  occurs  in  considerable  quantity,  and  is  being  utilised,  in 
Indiana  (whence  an  account  has  recently  reached  us  of  a  terrific 
subterranean  explosion  of  the  gas) ;  and  it  is  at  the  present  time 
contemplated  to  carry  a  natural  gas  supply  to  Chicago. 

The  utilisation  of  the  natunu  gas  of  the  Russian  oil  fields, 
although  of  very  ancient  date,  has  hitherto  not  been  extensive, 
neither  does  the  magnitude  of  the  supply  appear  to  bear  compari- 
son with  that  of  the  Pennsylvanian  district. 

A  form  of  gaseous  fuel  which  has  lon^  been  known  to  technical 
chemists  and  metallurgists,  but  which  has  of  late  attracted 
considerable  attention,  especially  in  connection  with  the  recent 
interesting  work  relating  to  its  applications  pursued  by  Mr. 
Samson  Fox,  of  Leeds,  has  become  within  the  last  four  years,  a 
competitor  in  the  United  States,  both  of  the  natural  gas  of 
Pennsylvania  and  of  coal-gas.  Since  Felix  Fontana  first  produced 
so-called  water-gas  in  1780  by  passing  vapour  of  water  over  highly - 
heated  fuel,  many  methods,  differing  chiefly  in  small  deUuIs,  nave 
been  proposed  for  carrying  out  the  operation,  with  a  view  to  the 
ready  and  cheap  production  of  the  resulting  mixture  of  hydrogen 
and  carbonic  oxide,  and  numerous  techniciu  applications  of  water- 
gas  have  been  suggested  from  time  to  time,  with  no  very  impor- 
tant results,  excepting  as  regards  its  use  for  lighting  purpcMes. 
Being  of  itself  non-luminous,  its  utilisation  in  this  direction  is 
accomplished,  either  by  mixing  it  with  a  highly-luminous  gas,  or 
by  causing  a  hydrocarbon  vapour  to  be  diffused  through  it,  or  the 
non-luminous  name,  produced  by  burning  it  in  the  air,  is  made  to 
raise  to  incandescence  some  suitably-prepared  solid  substance, 
such  as  magnesia,  lime,  a  zirconium  salt,  or  platinum,  whereby 
bright  light  is  emitted.  The  objection  to  its  employment  as  an 
illuminant  for  use  in  buildings,  to  which  great  weight  is  attached 
by  us,  and  rightly,  as  sad  experience  has  shown — viz.,  that,  as  it 
consists,  to  the  extont  of  about  one-half  its  volume,  of  the 
highly-poisonous  gas  carbonic  oxide,  the  atmosphere  in  a  con- 
fined s^ace  may  be  rendered  irrespirable  by  a  small  accidental 
contamination  with  wator-gas,  by  leakage  or  otherwise,  not 
detectable  by  any  odour — appears  to  oonstituto  no  great  impedi- 
ment to  its  employment  in  the  United  States,  as  it  is  now  manufac- 
tured for  illuminating  and  heating  purposes  by  a  large  proportion 
of  their  ^as  works,  being  in  some  places  employed  m  admixture 
with  a  highly-luminous  coal-gas,  in  others  rendered  luminous  by 
the  altomative  methods  mentioned.  It  is  stated  that  about  three- 
fourths  of  the  illuminating  gas  now  supplied  to  the  cities  of  New 
York,  Brooklyn,  Philadelphia,  Jersey,  St  Paul,  and  Minneapolis, 
is  carburetted  wator-gas ;  in  Chicago  the  entire  supply  now 
oonsists  of  this  gas,  and  Boston  will  a&  soon  be  suppliea  exclu- 


sively with  it.  The  use  of  water-gas  for  metaUurgic  work  does 
not  appear  to  be  contemplated  in  the  United  States,  but  it  is 
especially  to  such  applications  of  the  gas  that  much  attention  haff 
been  devoted  here  in  Leeds  ;  and  although  some  eminent  experts 
iBLre  sceptical  re^ajrdin^  the  attainment  of  advantages,  especially 
from  an  economical  pomt  of  view,  by  the  employment  of  thia  form 
of  gaseous  fuel,  especially  aftor  practical  experience  in  the  eame 
direction  aoquirea  in  Germany,  the  technical  world  must  feel 
gratoful  to  Mr.  Fox  for  his  work  in  this  direction,  affording,  as  it 
aoes,  an  interesting  illustration  of  the  qualities  of  perseverance 
and  energy  which,  when  combined  with  sound  knowledge,  often 
achieve  success  in  directions  that  have  long  appeared  most 
unpromising— qualities  which  have  been  characteristic  of  many 
pioneers  in  industrial  progress  in  this  countnr. 

Leeds  has  been  especiuly  fortunate  in  tne  possession  of  such 
pioneers  who,  when  competition  brought  about  great  chani^eB  in 
the  particular  trade  through  which,  for  many  generationa,  this 
city  chiefly  enjoyed  prosperity  and  high  renown,  developcid  its 
powerandresourcesinnewdirections,  from  which  success  soon  flowed 
m  continually  increasing  measure.  The  rapid  rise  of  Leeda  to  iu 
present  high  position  in  industrial  prosperiW  and  national 
importance  most  probably  dates  from  the  period  when  its  chief 
staple  industry  b^an  to  experience  serious  rivalry,  in  ita  own 
peculiar  achievements,  on  thepart  of  other  districts  of  the  king- 
dom and  of  other  countries.  From  early  days  a  flourishinfi:  centre 
of  one  of  the  provinces  of  Great  Britain  most  richly  endowed  with 
some  of  Nature's  best  treasures,  Leeds  could  scarcely  have  failed, 
through  the  energy,  acute  intelligence,  and  powerful  self-reliance 
especiallv  characteristic  of  the  men  of  Yorkshire,  to  rapidly 
acquire  fresh  renown  in  connection  with  industries  which  ttther 
were  new  to  the  town  and  district,  or  had  been  pursued  in  com- 
paratively modest  fashion,  and  which  have  combined  to  place  the 
Leeds  of  to-da^  upon  a  higher  pinnacle  of  commercial  prosperity, 
power,  and  influence  than  ner  patriotic  citizens  of  old  could  ever 
nave  dreamt  of. 

An  examination  into  the  present  educational  resources  of  Leeds 
places  beyond  any  doubt  the  fact  that  her  present  nronierity  in 
commerce  and  industries  is  in  no  small  de|2nree  ascnbabie  to  the 
paramount  importeuce  long  since  attached  here  to  the  liberal 
provision  of  facilities  for  the  diffusion  of  knowledge  among  the 
artisan  and  industrial  classes,  and  especialhr  for  the  acquisition  of 
a  sound  acquaintance  with  (he  principles  of  the  sciences  and  their 
applications  to  technical  purposes,  with  particular  reference  to  the 
prominent  local  industries,  by  all  grades  of  those  who  pursue  or 
intend  to  pursue  them.  There  is,  probably,  no  town  in  the 
kingdom  more  amply  provided  with  efllcient  elementary  and 
advanced  schools  for  l>otn  sexes,  whUe  the  special  requiremente  of 
the  artisan  are  efficiently  met  by  the  prosperous  School  of  Science 
and  Technology.  The  resources  of  the  Yorkshire  CoUege  provide, 
in  addition,  a  combination  of  thorough  scientific  education  with 
really  practical  training  in  the  more  important  local  industries  ; 
indeed,  during  the  16  yeara  of  its  conturuaUy-progressive  work, 
this  institution  has  acquired  so  widespread  a  reputation  that 
students  come  from  abroad  to  reap  the  advantages  afforded  by  the 
unrivalled  textile  and  dyeing  departmento  of  we  Leeds  College. 
The  keen  competition  now  existing  between  these  department 
and  the  corresponding  branches  of  the  much  younger  but  most 
vigorous  sister  college  of  Bradford,  can  only  conduce  to  the  further 
development  of  both,  and  to  their  thorough  maintenance  up  to  the 
requirements  of  the  day. 

The  very  important  pecuniary  aid  afforded  to  these  establish- 
ments, and  to  a  number  of  other  technical  schools  in  Yorkshire,  by 
one  of  the  most  important  of  the  ancient  companies  of  the  City  of 
London,  the  Clothworkers,  afford  an  interesting  illustration  of  the 
good  work  in  the  cause  of  education  performed  by  those  guilds 
and,  especially  of  late  years,  by  means  of  their  flourishing  institute 
for  the  advancement  of  technical  education  which,  through  its 
two  great  instructional  esteblishmento  in  London,  and  through 
the  operation  of  ito  system  of  examinations  throughout  toe 
country,  extending  now  even  to  the  colonies,  has  aflforded  very 
important  aid  towards  eradicating  the  one  great  blot  upon  oar 
national  educational  organisation.  To  have  been  first  in  the  field 
in  practically  develo[ttng  a  far-reaching  scheme  for  the  advance- 
ment of  technical  education  in  this  country  must  continue  to  be  a 
source  of  pride  to  the  City  of  London  and  ite  ancient  guilds  in 
time  to  come,  when  the  operation  of  efficient  legislation,  sup- 
ported and  extendend  by  patriotic  munificence  and  by  the 
nearty  co-operation  of  associations  of  earnest  and  competent 
workers  in  the  cause^  shidl  have  placed  the  machineiy  and 
resouroes  for  the  technical  instruction  of  the  people  upon  a  footing 
commensurate  with  our  position  among  nations. 

The  remarkable  address  delivere>i  by  Owen  here  in  1858,  wherein 
the  condition,  at  that  time,  of  those  branches  of  natural  science 
which  he  had  made  particularly  his  own  was  most  comprehensively 
reviewed,  included  some  especially  interesting  observations  oo 
the  importence  to  the  cultivation  and  progress  of  the  natural 
sciences,  and  to  the  advancement  of  education  of  the  masses  in 
this  Gfountry,  of  providing  adequate  space  and  resources  for  the 
proper  development  of  our  National  Museum  of  Natural  EQstory; 
and  it  cannot  but  be  a  source  of  great  satisfaction  and  pride  to 
him  to  have  lived  to  witness  the  thoroughly  successful  realisation 
of  the  obiecto  of  his  own  indefatigable  strivings  and  powerful  advo- 
cacy in  that  direction.  Comprehensive  as  were  the  views  adopted 
by  Owen  r^arding  the  scope  and  possible  extension  of  that  museum, 
it  may,  however,  be  doubted  whether  they  ever  embraced  so  exten- 
sive a  field  as  was  presented  for  our  contemplation  by  his  successor 
last  year,  when  he  told  us  that  a  natural  history  museum  should, 
in  ite  widest  and  truest  sense,  represent,  so  far  as  they  can  be  iUuA* 
trated  by  museum  specimens,  all  the  sciences  wluch  deal  with 
natural  phenomena,  and  that  the  difficulties  of  fitly  illustratiDg 
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United  States  has  been  such  that  it  is  a  little  aorpriaing 
that  derigns  for  satisfactory  conduit  systems  have  not 
received  greater  attention  for  use  in  the  crowded  towns. 
This  seems  to  be  now  the  case,  however,  if  we  may  judge 
from  the  fact  announced  that  the  Thomson-Houston  Com- 
pany have  just  laid  down  an  experimental  conduit  line  at 
their  works  at  Lynn. 

London  County  Covnoil* — ^The  sanction  of  the 
London  County  Council  has  been  given  to  the  work  of  laying 
mains  in  various  localities  by  the  following  companies: 
The  Metropolitan  Electric  Supply  Company,  Notting  Hill 
Electric  Lighting  Company,  the  London  Electric  Supply 
Corporation,  Kensington  and  Knightsbridge  Electric  Light- 
ing Company,  Chelsea  Electricity  Supply  Company,  the 
Westminster  Electric  Supply  Corporation,  and  the  Elec- 
tricity Supply  Corporation. 

Reading. — ^Before  the  Beading  Town  Council  the  draft 
agreement  with  the  Laing,  Wharton,  and  Down  Construc- 
tion Syndicate  was  discussed,  with  special  reference  to 
arbitration  as  to  purchase  at  the  end  of  seven  years,  which, 
the  Mayor  said,  was  a  very  small  matter ;  and  therefore 
they  might  assume  that  a  license  would  be  granted  to  the 
company  for  seven  years,  and  at  the  end  of  that  time  the 
Council  would  be  in  a  position  to  apply  for  an  order  to 
take  over  the  undertaking  if  they  saw  fit  to  do  so. 

Heokmondwike, — ^At  the  Heckmondwike  (Yorkshire) 
Board  of  Works  it  was  proposed  to  use  the  12-h.p.  engine 
of  the  destructor  works,  where  refuse  was  burnt,  with  the 
addition  of  a  little  other  fuel,  to  raise  sufficient  steam  for  the 
purpose  of  driving  a  dynamo  to  try  the  experiment  of 
lighting  by  electricity.  It  was  proposed  to  light  the 
market  place  and  any  tradesmen  who  required  the  light. 
The  Board  now  pay  the  gas  company  £92  for  lighting  the 
market,  and  £269  for  lighting  the  streets.  A  committee 
was  appointed  to  enquire  into  the  matter  and  report. 

Bishop  Stortford.— The  clerk  to  the  Bishop  Stortford 
Local  Board  at  the  last  meeting  reported  on  the  draft 
agreement  with  the  electric  light  company,  and  recom- 
mended that  three  or  four  years  should  be  allowed  the 
company  to  carry  out  the  works.  He  also  thought  the 
company  should  be  called  upon  to  bear  the  expense  incurred 
by  the  Board  in  the  matter.  After  some  discussion,  the 
resolution  passed  in  August  to  the  effect  that  the  draft 
agreement  be  adopted,  subject  to  modifications,  was 
rescinded,  and  the  application  will  be  discussed  a  month 
hence. 

Xlootrio  Shadow  Wall  Papors. — The  electric  light 
is  being  turned  to  very  artistic  use  by  a  prominent  wall  paper 
manufacturer  of  New  York.  The  dark,  clear-cut  shadows 
caused  by  the  play  of  the  electric  light  among  the  foliage 
of  trees  have  often  been  remarked,  and  the  gentleman  in 
question  has  been  for  some  time  making,  by  means  of 
photography,  a  series  of  records  of  these  beautiful  effects, 
which  he  intends  to  use  in  connection  with  his  business. 
This  collection  is  a  valuable  one,  and  some  of  the  designs 
which  have  already  been  made  from  it  are  said  to  be  of 
exceptional  merit 

Oordon  Xlootrio  Railway, — ^The  trials  of  the  Cordon 
electric  closed  conduit  line  are,  we  understand,  progressing 
very  satisfactorily.  A  length  of  line  has  been  laid  down 
and  fitted  in  Messrs.  Merryweather's  works  at  Greenwich- 
road,  and  a  car  will  be  shown  running  very  shortly.  The 
distributing  boxes  have  been  greatly  reduced  in  cost  of 
manufacture  -,  these  are  to  be  placed  every  70  or  80  yards, 


and  the  cost  of  the  line  equipment  is  estimated  at  £1,200 
per  mile.  The  distributors  are  placed  in  waterproof  boxes, 
so  made  that  a  fire  hose  can  be  actually  played  on  them 
without  hurting  the  electrical  arrangements  inside. 

Cortifioatoo. — ^As  the  result  of  examinations  recently 
held  at  the  School  of  Electrical  Engineering  and  Submarine 
Telegraphy,  Princes-street,  Hanover-square,  we  are  informed 
that  the  following  gentlemen  have  now  obtained  the  vellum 
certificate  of  the  school :  (a)  In  electric  lighting  and  power 
transmission — ^Messrs.  Claypoole,  Oarr^,  Grillies,  Lawrence, 
PhiUips,  Boussel,  and  Waring;  the  examinations  were 
conducted  by  Mr.  Gisbert  Eapp,  and  included  a  vwd 
voce  and  practical  examination,  (b)  In  telegraphy  and 
telephony — ^Mr.  Lawrence  (above-named)  and  ^Mt.  Salmony ; 
this  examination  was  conducted  by  Mr.  H.  R.  Kempe. 

Mozliro'« — ^If  enterprising  electrical  engineers  require  a 
target  for  their  fires,  Mexbro',  in  Yorkshire,  would  seem  to 
be  a  suitable  one.  The  gas  supply,  even  though  the  price 
is  3s.  6d.  per  1,000  cubic  feet^  has  been  reported  before  the 
Local  Board  as  extremely  defective,  so  much  so  that  local 
tradesmen  have  had  to  light  candles  in  their  shop  windows. 
The  gas  company  were  objected  to  as  monopolists  who 
would  listen  to  no  reason.  The  chairman  said  the  gas  was 
not  only  bad,  but  short  in  quantity,  and  excessive  in  price. 
Eventually  the  Lighting  Committee  were  instructed  to  make 
enquiries  into  the  whole  subject  of  lighting,  and  to  report 
to  the  Board  at  a  future  date. 

Borlin. — The  proposed  electric  lighting  of  the  Grune- 
wald  colony  has  not  met  with  the  approval  of  the  Board  of 
Works,  and  therefore  wiU  not  be  carried  out.  According  to 
VEledricien,  the  application  of  electric  lighting  in  Berlin 
shows  the  following  increase :  In  1888  540  public  arc  lamps 
and  1,709  private  ones ;  in  1889  826  public  arc  lamps  and 
^,976  private  ones;  total,  in  1889,  687  installations,  with 
3,622  arc  lamps.  In  1888  22,536  private  glow  lamps,  and 
23,016  public  ones;  in  1889  31,399  private  glow  lamps, 
and  3,147  public  ones ;  total,  in  1889,  3,622  arc  lamps,  and 
62,816  glow  lamps,  besides  208  arc  lamps  in  Leipziger- 
strasse  and  Unter  den  Linden. 

A  Now  Moohanioal  Movement. — New  mechanical 
movements  are  not  often  brought  forward,  but  one  which 
may  possibly  be  of  use  for  the  gearing  of  dynamos,  for  the 
changing  of  reciprocating  into  rotary  motion,  is  described 
in  the  ScimUiftc  American  for  Sept  20,  the  invention  of  Mr. 
James  Hayton,  of  Utah.  On  the  rotary  shaft  is  a  cogwheel^ 
or,  rather,  half  a  cogwheel,  gearing,  in  the  first  half  revo- 
lution to  the  cogs  at  the  top  of  a  sliding  piece,  and  in  the 
second  half  to  the  teeth  at  the  bottom,  the  result  being  that 
a  backward  and  forward  movement  of  the  sliding  piece 
rotates  the  shaft  The  device  avoids  all  dead  centres,  and 
is  designed  to  transmit  power,  without  undue  friction  or 
lost  motion. 

A  Radiometer  Photometer.  —  The  well-known 
radiometer  of  Mr.  Grookes  has  been  adapted  as  a  photo- 
meter  by  MM.  Seguy  and  Yerschafifel.  The  rotating  disc 
is  not  pivoted,  as  in  the  Crookes  apparatus,  but  suspended 
by  a  silk  fibre  and  fitted  with  a  scale  and  needle,  after  the 
manner  of  Coulomb's  torsion  balance.  A  glass  containing 
a  solution  of  alum  is  placed  between  the  light  to  be 
measured  and  the  rotating  disc,  so  as  to  cut  off  the  heat 
rays.  The  light  rays  in  falling  on  the  disc  cause  it  to  turu 
round  through  a  certain  angle  depending  on  their  intensity. 
Thus  one  light  can  be  measured  after  another.  The  appa- 
ratus is  stated  to  be  so  sensitive  as  to  indicate  the  one- 
hundredth  of  a  standard  candle. 
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Frankfort  BzliililtloBu — Great  preparations  are  being 
made  to  make  the  forthcoming  electrical  exhibition  at 
Frankfort  a  success.  Among  the  many  different  and  attrac- 
tive features  to  increase  the  public  interest  in  electro- 
technics,  it  is  also  intended  to  connect  the  exhibition  by 
telephone  with  the  concert  hall  Palmengarten,  the  Frank- 
fort Opera  House,  both  with  a  number  of  ordinary  tele- 
phones, and  with  large  loud-speaking  instruments  for  a 
larger  audience.  Several  apparatus,  with  penny-in-the-slot 
mechanism,  will  be  in  connection  with  the  watering  places  near 
Frankfort,  the  Court  Theatre  at  Mannheim,  and  the  opera 
of  Munich,  if  the  Imperial  line  between  these  two  towns 
has  been  completed. 

The  Ideal  Motor. — Mr.  J.  W.  McNamara,  president 
of  the  Albany  Bailroad  Company,  speaking  before  a  meet- 
ing of  the  New  York  Street  Railway  Association,  expresses 
the  feelings  of  all  tiamway  directors  when  he  says  :  The 
ideal  motor  is  one  which  is  independent  of  every  other 
motor  or  other  engine,  and  contains  everything  necessary 
to  make  it  go.  This  motor  exists  and  seems  to  work  fairly 
well  on  grades  of  not  more  than  5  per  cent. ;  but  that  it  is 
capable  of  doing  the  work  now  being  done  by  motors  using 
the  overhead  system  is  still  problematical  However,  as 
we  have  already  witnessed  such  wonders  in  propelling  cars 
by  electricity,  may  we  not  hope  for  a  storage  battery  electric 
car  which  shall  be  equal  to  any  now  in  use  ? 

CardiflL — At  the  monthly  meeting  of  the  Cardiff  Bate- 
payers'  Association,  held  last  Friday,  the  following  resolu- 
tion was  passed  :  "  That  the  Town  Council  be  respectfully 
requested  to  push  forward  with  all  possible  speed  their 
application  for  a  provisional  order  for  the  electric  lighting, 
so  that  the  ratepayers  who  so  desire  may  have  the  oppor- 
tunity of  using  the  electric  light  instead  of  gas,  the  gas 
company  having  taken  advantage  of  the  withdrawal  of  the 
Brush  Light  Company  to  again  increase  the  price  of  gas, 
making  6d.  per  thousand  within  about  12  months,  though 
the  ])nce  of  cannel  coal  is  no  higher  than  it  was  a  year  ago." 
In  view  of  the  British  Association  visit  next  year,  also,  a 
hope  was  expressed  that  electric  lighting  would  again  be 
available. 

Carbon  Bnudliee  for  Dynamos. — ^The  use  of  blocks 
of  squared  carbon  as  brushes  for  dynamos  and  motors, 
instead  of  copper  strip  or  wire,  has  achieved  a  great  exten- 
Bion  in  American  practice,  but  yet  there  are  certain  objec- 
tions to  its  use,  chiefly  want  of  lubricating  power  and 
smoothn^a.  Mr.  Daft,  of  electric  motor  fame,  seeks  to 
obviate  any  disadvantages  that  may  show  in  this  direction 
by  an  admixture  of  powdered  blacklead.  He  pierces  the 
carbon  block  with  small  holes,  and  fills  these  with  the 
blacklead,  thus  obtaining  smoothness  desired.  By  adding 
1  or  2  per  cent,  of  talc  to  the  graphite,  the  '*  brushes " 
ran  absolutely  silently.  In  view  of  the  promised  extension 
of  electric  motors  for  traction  work  in  this  country,  it  will 
be  worth  while  for  our  manufacturers  to  investigate  this 
improvement. 

BoumemontlL — An  application  from  the  Brush 
Electrical  Engineering  Company,  Limited,  for  the  consent 
of  the  Council  to  an  application  to  the  Board  of  Trade  for 
a  provisional  order  authorising  the  company  to  supply 
electrical  energy  within  the  borough,  was  considered  at  the 
last  meeting  of  the  Poole  (Bournemouth)  Town  Council. 
The  town  clerk  said  that  application  had  been  previously 
granted,  but  it  had  not  come  before  Parliament,  and  con- 
sent was  required  again.  Councillor  Walmsley  said  that 
granting  such  a  consent  was  a  mpst  serious  matter*     They 


knew  what  difficulty  had  been  caused  when  the  Poole 
Electric  Light  Company  wished  to  put  up  their  stan- 
dards in  the  High-street.  He  moved  that  the  matter  go 
before  the  Streets  and  Highways  Committee.  This  motion 
having  been  seconded  by  Councillor  Yeatman,  was  carried. 

Weeme  Eleotrio  Paseenger  XSzpreBS. — Mr.  David 
Weems,  of  Laurel,  Baltimore,  who  has  made  his  name 
already  famous  by  the  active  promulgation  of  a  scheme  for 
sending  electric  mail  carriages  at  200  miles  an  hour,  has 
already,  some  months  ago,  achieved  1 80  miles  an  hour  on 
an  experimental  track  with  small  cars.  Not  content  with 
this,  he  is  anxious  to  apply  the  system  to  passengers,  and 
for  this  he  promises  a  speed  of  120  miles  an  hour.  In  the 
inventor^s  experimental  track  his  expectations  have  been 
almost  realised,  and  it  is  stated  that  an  actual  line  is  to  be 
at  once  commenced.  The  electric  train  is  to  be  of  700  h.p. 
and  20  tons  weight,  drawing  two  closed-in  cars  of  the  same 
cigar-shaped  form  as  the  mail  cars  already  tested.  An 
electric  installation  will  be  erected  every  50  miles  for  the 
supply  of  electricity  to  the  motor  on  the  cars,  and  the  cir- 
cuit will  be  a  metallic  one,  complete  for  lead  and  return. 
Mr.  Weems'  latest  plans  approximate  much  more  nearly  to 
that  of  the  ordinary  railway,  so  that,  if  successful,  these 
lines  might  be  used  with  but  the  minimum  of  alteration. 

Stoekport. — At  the  Stockport  Council  a  resolution  was 
brought  forward  to  promote  a  provisional  order  for  electric 
lighting  in  the  borough.  Alderman  McClure  explained  that 
they  were  compelled  to  make  this  application.  During  the 
absence  of  Mr.  Williamson  (who  has  had  the  matter  in 
hand)  from  the  Council,  two  companies  had  applied  for 
powers  to  light  Stockport  with  the  electric  light.  The 
Corporation,  however,  were  opposed  to  any  company  coming 
to  Stockport,  and  thought  if  the  electric  light  was  to  be 
introduced  in  Stockport  that  the  Corporation  should  have 
the  power.  The  consequence  was  that  they  could  not  now 
remain  still,  for  if  they  did  not  move  Grovernment  would 
permit  outsiders  to  come  to  Stockport,  and  give  them 
powers  to  light  the  borough  with  electric  light.  The  reso- 
lution was  passed.  The  appointment  of  Mr.  J.  Shoolbred, 
1,  Victoria-street,  Westminster,  as  electrical  engineer  to  the 
Corporation,  was  then  carried.  Mr.  Shoolbred  had  already 
been  appointed  by  the  Finance  Committee  for  the  purpose 
of  drawing  up  the  formal  application,  and  the  Council  con- 
firmed the  appointment 

Accnmnlator  Cars  for  Glasffow. — On  Monday, 
September  29,  a  deputation  from  the  Glasgow  Corporation, 
consisting  of  Bailie  Paton  (convenor  of  general  committee), 
Bailie  Wallace  (sub-convenor  of  general  committee),  Bailie 
McFarlane,  John  Ure  (Dean  of  Guild  and  ex-Lord  Provost), 
Councillor  Colquhoun,  and  Mr.  David  Bankine  (engineer, 
Glasgow  Corporation  tramways),  visited  the  General 
£lectric  Power  and  Traction  Company's  electric  cars 
and  installation  on  the  Barking-road  section  of  the 
North  Metropolitan  Tramways  Company's  system.  The 
deputation  were  met  by  Messrs.  Fuller  and  Macpherson, 
directors  of  the  General  Electric  Power  and  Traction 
Company,  and  by  several  of  its  leading  o£5cial^. 
Having  made  a  minute  inspection  of  the  many  poin  s 
of  interest  in  the  working  of  the  cars,  the  Corpora- 
tion authorities  expressed  themselves  as  greatly  please<l 
with  all  they  had  seen.  The  reason  of  the  visit  was  that 
the  Coqioration  have  the  idea  in  view  to  take  into  their 
own  hands,  at  the  expiration  of  the  present  concession,  the 
entire  Glasgow  tramways  service,  and  equipping  the  same 
with  accumulator  cars.    On  t^ie  following  day  the  depuM- 
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tion  visited  the  installation  of  the  Central  Birmingham 
Tramways  Company  at  BristoI«road  and  Bournbrook, 
Birmingham. 

Szeter. — ^The  Teim  Council  of  Exeter  are  exercised 
over  the  question  of  private  versus  public  control  of  electric 
lighting.  There  is  an  active  electric  light  company  at  work 
at  Exeter,  and  at  the  same  time  the  great  desire  to  avoid 
undue  fleecing  of  the  public  by  monopolists,  which  has  been 
such  a  prominent  feature  in  dealing  with  electric  lighting 
enterprises,  has  led  the  Council  to  consider  whether  they 
should  not  themselves  apply  for  a  provisional  order.  After 
much  debate,  however,  at  the  last  meeting  of  the  Council, 
an  amendment  was  passed  disapproving  of  the  recommen- 
dation of  the  committee  that  the  Corporation  should  refuse 
consent  to  the  application  of  the  electric  light  company  for  a 
provisional  order,  and  themselves  take  steps  to  seek  these 
powers.  The  matter  is,  therefore,  not  finally  settled. 
There  is  a  strong  desire  on  the  part  of  the  Council  not  to 
interfere  unreasonably  with  the  work  already  done,  the 
results  of  which  the  tradespeople  are  already  enjoying.  At 
the  same  time  no  monopoly  will  be  tolerated,  and  it  is  to  be 
hoped  that  the  committee  to  which  the  matter  has  been 
again  referred  will  be  able  to  arrive  at  a  suitable  arrange- 
ment with  the  directors  of  the  present  company  to  safe- 
guard the  interests  of  the  ratepayers  and  consumers. 

Jarman'8  Aoonmiilator. — ^Mr.  Jarman,  whose  electric 
storage  car  we  describe  in  this  number,  is  intending  to  bring 
out  a  new  accumulator.  The  active  material  is  made  of  a 
mixture  of  hyposulphide  of  lead,  acetate  of  lead,  and  a 
small  quantity  of  litharge.  This  is  cast  in  blocks  and  cut 
by  a  saw  into  squares.  The  carrier  is  made  of  an  aluminium- 
lead  alloy,  cast  round  sets  of  suitably  arranged  blocks  of  the 
active  material.  This  accumulator,  he  thinks,  will  be  able 
to  be  made  at  half  the  cost  of  the  present  cells.  The  solu- 
tion for  the  accumulator  is  an  acid  solution  of  alum — the 
double  sulphide  of  alumina  and  potash.  One  of  the  great 
disadvantages  also  of  the  present  type  of  the  cells  is  the 
frequent  burning  out  of  the  connecting  lugs.  Mr.  Jarman 
has  perfected  a  connection  which  will  not  bum  out  For 
this  he  takes  a  thick  solid  piece  of  copper  rod,  tinned  on 
the  exterior  and  tapped  at  both  ends.  This,  when  the  ends 
are  bent  up,  is  cast  round  with  lead  and  thoroughly 
embedded  therein.  The  two  ends  form  a  double  contact, 
on  which  nuts  can  be  screwed  down  on  the  connecting  piece 
with  lead  washer  so  as  to  be  secure  even  if  one  end  fails. 
If  there  is  no  deteriorating  action  of  the  copper  found  in 
practice,  this  ought  to  be  a  considerable  improvement  in 
detail,  as  a  current  of  even  several  hundred  amperes  would 
not  then  destroy  the  lead  lugs,  as  now  not  unfrequently  is 
the  case. 

The  Pnblio  Lighting  of  Lewes.— For  some  time 
past  there  has  been  a  strong  feeling  of  dissatisfaction  at  the 
quality  and  price  of  the  gas  supplied  to  the  public  lamps 
at  Lewes ;  and  the  discontent  found  expression  last  week 
at  a  meeting  of  ratepayers  specially  convened  by  the  Mayor 
(Mr.  Alderman  White),  and  held  under  his  presidency  in 
the  Com  Exchange.  There  were  about  500  persons 
present.  The  principal  speaker  was  Mr.  Alderman  Fam- 
combe,  who  laid  before  the  meeting  four  schemes  in  detail 
for  their  consideration.  The  first  was  that  the  Corporation 
should  take  over  the  lighting  plant  and  manage  it  them- 
selves, paying  for  the  gas  consumed  as  under  the  present 
contract  with  the  gas  company.  This  scheme,  with  gas  at 
3s.  6d.  per  1,000  cubic  feet,  would  entail  an  outlay  of  £900 
per  annum,  as  compared  with  i&SOO  now  paid.    The  next 

'iposition  was  that  the  Corporation  should  make  their 
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own  gas ;  and  it  was  estimated  that  this  would  cost  £1,000 
per  annum.  Then  came  a  scheme  of  electric  lighting,  also 
put  at  £1,000.  Lastly,  water-gas  was  suggested  at  a  cost 
of  £810  or  £1,070,  according  as  kmps  of  16  or  32  c.p. 
were  used.  After  much  talk,  these  four  proposals  were 
narrowed  down  to  two — either  to  come  to  some  difiTerent 
arrangement  with  the  gas  company,  whereby  the  Corpora- 
tion could  put  up  their  own  lamp-posts  and  take  a  supply 
of  gas  from  the  company,  or  adopt  the  electric  light. 
Mr.  De  Castro  explained  to  the  meeting  the  proposals  of 
the  Gulcher  Company.  Eventually  it  was  decided  to 
adjourn  the  meeting  for  a  fortnight,  to  give  the  rate- 
payers time  to  study  the  question. 

Bleotrio  Fog  Signalling, — Our  attention  has  been 
called  to  an  ingenious  and  simple  method  of  electric  signal- 
ling for  railways,  which,  it  is  hoped,  will  eventually  entirely 
do  away  with  the  extraordinary  expense  and  vexatious 
delays  now  too  often  experienced  in  cases  of  fogs  on  rail- 
way lines.  The  system  is  the  invention  of  Mr.  W.  Andrews, 
who  has  had  large  practical  experience  in  railway  work, 
assisted  in  the  electrical  part  of  the  invention  by  Mr. 
Arthur  F.  Guy.  It  consists,  in  effect,  of  a  means  of  working 
a  miniature  semaphore  on  the  engine  itself,  while  yet  some 
distance  in  front  of  the  signal,  that  is,  at  such  distance  as 
a  fog  would  obscure  the  signal  or  signal  lamp.  The  driver 
has  thus  on  his  own  engine  an  effective  means  of  knowing 
whether  the  signal  is  for  or  against  him  some  time  before 
he  arrives  at  the  signaL  This  is  done  by  a  length  of  iron 
contact  rail,  mounted  on  earthenware  insulating  chairs  a 
short  space  outside  one  of  the  rails,  and  contact  is  made  to 
this  by  a  brush  on  the  footplate  of  the  engine.  On  the 
engine  is  a  miniature  semaphore  arm,  working  electrically, 
its  normal  position  being  sloping.  When  a  current  is  sent 
one  way  the  arm  is  put  at  right  angles,  indicating  danger ; 
when  the  current  is  sent  in  the  other  direction  the  arm  is 
drawn  down,  showing  line  clear.  Contacts  in  the  signal- 
box  are  so  arranged  that  the  current  is  sent  or  reversed  by 
the  moving  over  of  the  signal  lever.  The  system  is  being 
tried  on  one  of  the  great  railway  Unes,  and  is  proving  so 
far  very  successful;  and  the  insulation  found  on  this 
arrangement,  even  in  wot  weather,  is  wonderfully  effective. 
An  inspection  by  prominent  railway  officials  is  expected  to 
take  place  shortly. 

Eleotrie  Commnnieation  between  Ships  at  Sea. 

The  great  need  of  all  navies,  says  Lieut  Fiske,  in  his 
paper  on  "  Electricity  in  Warfare,"  is  a  quicker  and  more 
trustworthy  means  of  communication  between  ships  at 
sea.  Doubtless,  most  persons  know  that  many  experi- 
ments have  been  looking  to  the  establishment  of  a  means 
of  communication  by  electricity.  Two  general  lines  of 
experiment  have  been  followed.  In  one,  sound  vibrations 
are  set  in  motion  in  the  water,  and  are  received  on  a 
diaphragm,  usually  on  the  under-water  side  of  a  ship ;  this 
diaphragm  corresponding  to  a  telephone  transmitter,  the 
receiver  being  in  the  pilot-house,  or  other  convenient  place. 
The  other  line  contemplates  sending  electric  signals  through 
the  air  or  the  water,  the  receiver  being  usually  a  telephone 
receiver.  During  about  two  years,  a  great  many  experi- 
ments were  made  at  the  New  York  Navy  Yard  in  the 
latter  line,  signalling  both  through  the  air  and  through 
the  water.  These  experiments  were  on  a  pretty  large 
scale.  A  large  dynamo  was  used  as  a  source  of  power,  and 
in  one  case  the  U.S.  s.  *'  Atlanta  "  was  converted  into  the 
largest  electromagnet  known,  being  wrapped  with  heavy 
wire,  through  which  the  dynamo  current  was  sent^  while 
the  iron  tug  '<  Nina,"  150ft.  long,  was  made  a  receiver,  she 
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THE  LINEFF  ELECTUC  TRAMWAY.* 

BY  GI8BSRT  KAPP,  M.I.KK. 

Enfiineers  and  tramway  managers,  not  less  than  the 
traveuing  public,  are  agreed  as  to  the  desirability  of 
replacing  animal  by  some  sort  of  mechanical  traction,  and 
electrical  engineers  in  particular  are  convinced  that  of  all 
methods  of  applying  mechanical  power  that  involving  the 
use  of  electromotors  is  the  most  convenient  for  the  ordinary 
type  of  tramline.  On  lines  with  exceptionally  steep 
{gradients  the  cable  has  the  advantage  over  the  steam  loco- 
motive and  electromotor  that  the  weight  of  the  car  to  be 
hauled  up  the  grade  is  a  minimum ;  but  on  lines  which  are 
not  too  steep  to  be  worked  by  steam  or  horses  this  advan- 
tage is  on  long  lines  more  than  counterbalanced  by  the  waste 
of  power  involved  in  keeping  the  cable  itself  in  motion,  and 
it  is  in  these  cases  which  form  the  majority  that  the  electro- 
motor has  the  most  promising  field  of  application.  It  may 
be  asked  how  it  comes  that  with  all  these  circumstances  in 
its  favour  electric  traction  on  tramways  has  made  in  this 
country  so  little  progress.  We  have  cheap  coal,  good 
steam  engines,  excellent  dynamos,  and  thoroughly 
reliable  and  efiicisnt  electromotors.  The  transmission 
of  power  from  the  motor  spindle  to  the  axle  of  the 
car,  although  not  so  easy  a  problem  as  it  might  perhaps 
appear  at  first  sight,  aoes  not  present  any  insuper- 
able difficulties,  and  has,  in  fact,  been  very  satisfactorily 
solved  by  more  than  one  engineer.  The  application  of 
electricity  to  traction  should  therefore  be  an  easy  matter. 
Yet  progress  is  slow.  The  explanation  appears  to  be  that 
although  the  generation  of  the  electric  current  taken  by 
itself  is  easy  enough,  and  the  conversion  of  this  current 
into  mechanical  power  taken  by  itself  is  easy  enough,  the  con> 
necting  link  between  the  two  processes — namely,  the  con- 
veyance of  the  current  from  the  dynamo  at  the  tramway 
depot  to  the  car  on  the  line — is  a  matter  of  some  difficulty, 
and  as  yet  we  have  no  system  of  conveyance  which  may  be 
considered  as  satisfactory  in  every  respect.  It  is  in  this 
direction  that  inventors  should  work.  There  is  very  little 
need  for  improved  dynamos,  motors,  switches,  or  other 
gear ;  all  these  appliances,  though  not  absolutely  perfect, 
are  quite  good  enough  for  piactical  work.  There  is, 
however,  great  need  for  improved  methods  of  conveying 
the  electric  current  to  the  car  in  a  manner  which  shall  at 
once  be  economical,  certain^  free  from  danger  to  persons 
and  animals,  offer  no  obstruction  to  the  general  traffic  in  the 
streets,  and  be  acceptable  on  aesthetic  grounds.  All  these  con- 
ditions except  the  first  are  fulfilled  in  those  systems  where  a 
storage  battety  is  used  for  conveying  the  current  from 
the  dynamo  at  the  depot  to  the  motor  on  the  car ;  but 
unfortunately  the  first  condition  is  too  important  to  be 
neglected,  since  the  fundamental  reason  for  substituting 
mechanical  for  horse  traction  is  not  a  humanitarian  or  scien- 
tific one,  but  the  aim  to  save  a  penny  or  two  per  car  mile, 
and  thus  increase  the  financial  prosperity  of  the  company. 
I  do  not  say  that  such  a  saving  may  not  be  effected  by  the 
use  of  battery  cars ;  but  I  say  that  up  to  the  present  we 
have  no  practical  proof  that  such  cars  are  more  economical 
to  work  than  horse  cars ;  and  I  maintain  that  whatever 
saving  may  result  from  the  adoption  of  batteries,  a  greater 
saving  under  the  same  circumstances  must  result  from  direct 
working ;  that  is,  working  under  some  system  of  conveying 
the  current  direct  from  the  dynamo  to  the  motor  by  means 
of  a  conductor.  On  the  other  hand,  there  may  be  reasons 
for  preferring  the  storage  car,  notwithstanding  its  lower 
efficiency ;  but  I  do  not  propose  to  enter  into  this  subject, 
as  it  can  only  be  satisfactorily  discussed  with  reference  to 
the  local  conditions  in  each  particular  case.  My  object  is 
to  bring  before  you  a  new  system  of  direct  supply  for  tram- 
cars,  which  has  recently  come  under  my  notice,  and  which 
seems  to  fulfil  all  the  conditions  stated  above. 

When  we  have  to  convey  current  to  the  car  by  means  of 
a  conductor,  this  conductor  must  run  along  the  line  either 
above  or  below  ground.  In  the  former  case  it  may  be  a 
wire  suspended  along  poles,  or  a  rail  resting  on  insulating 
supports  close  to  the  ground,  or  it  may  be  formed  by  the 
tram  rails  themselves.  All  these  arrangements  have  been 
tried,  but  it  is  needless  to  say  that  they  are  inadmissible 
for  urban  and  suburban  lines  in  this  country.    With  such 
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lines  the  first  condition  must  necessarily  be  to  place  the 
conductor  underground.  As  usually  earned  out  this  syBtem 
involves  the  adoption  of  a  slot  in  the  road  through  which 
passes  a  slipper  or  contact  shoe  attached  to  the  car,  and 
which  establishes  electrical  connection  between  the  con- 
ductor underground  and  the  motor  on  the  car.  The  system 
is,  as  experience  shows,  practically  workable  ;  thougn  the 
slot,  which  must  admit  dirt  and  moisture  into  the  under- 
ground channel  and  may  to  a  certain  extent  inconvenience 
other  traffic,  is  a  disadvantage.  This  disadvantage  may 
perhaps  not  be  very  great  considered  from  a  purely 
technical  point  of  view,  but  such  as  it  is  it  has  to  be  taken 
into  account.  If  we  consider  the  question  from  the  point 
of  view  which  will  naturally  be  taken  by  the  local  autho- 
rities and  the  public  whom  they  represent,  we  shall  come 
to  the  conclusion  that  the  slot  is  a  great  disadvantage  to 
the  general  traffic,  and  that  its  abolition  is  highly  desirable. 
How  to  abolish  the  slot  and  yet  retain  electrical  connec- 
tion between  the  underground  conductor  and  the  motor 
on  the  car  is  the  problem  which  has  been  solved  in  the 
system  of  electric  tramway  I  am  about  to  describe. 

The  conductor  consists  of  bare  copper  strip  or  cable,  and 
of  iron  strip.  The  latter  is  galvanised  so  as  to  protect  it 
from  rusting.  It  lies  on  the  copper  conductor,  and  both 
are  enclosed  in  a  sealed  channel  formed  of  asphalte.  The 
copper  conductor  rests  upon  the  bottom  of  a  trough  made 
of  a  succession  of  glazed  tiles,  and  the  cover  to  this  trough 
is  formed  by  the  lower  flanges  of  iron  rails  arranged  in 
short  sections  so  as  to  be  insulated  from  each  other.  The 
head  of  one  rail  reaches  up  to  the  surface  of  the  road ;  the 
head  of  the  other  is  cut  off*,  and  this  rail  is,  therefore, 
completely  buried  in  the  asphalte.  The  surface  rail,  which 
may  be  arranged  alongside  one  of  the  ordinary  tram  rails, 
or  in  the  centre  of  the  track,  is  in  electric  and  magnetic 
contact  with  an  electromagnet  carried  under  the  car.  Thia 
magnet  runs  upon  the  surface  rail  on  wheels,  which  form 
its  north  and  south  poles.  The  distance  of  the  wheels 
is  greater  than  the  length  of  a  section  of  insulated  rail,  so 
that  successive  sections  become  oppositely  magnetised. 
This  causes  the  iron  strip  immediately  below  the  magnetised 
region  to  be  attracted  upwards  and  thus  come  into  contact 
for  a  length  of  several  feet  with  the  under  side  of  the  two 
sectional  rails.  At  the  same  time  the  iron  strip  to  both 
sides  of  this  region  remains  in  contact  with  the  copper 
conductor,  and  forms  thus  an  electrical  connecting  link 
between  the  copper  conductor  and  a  few  sections  of 
insulated  rail  under  the  car.  The  current  passes 
from  the  surface  rail  through  the  body  of  the  electro- 
magnet (which  is  insulated  from  the  body  of  the  car) 
into  the  motor,  and  finally  into  the  ordinary  tram  rails  and 
earth  in  the  usual  manner.  The  electromagnet  is  energised 
by  a  shunt  current  obtained  from  the  main  conductor,  but 
to  provide  for  the  possibility  of  dropping  the  strip  from 
some  unforeseen  cause,  there  is  placed  on  the  electro- 
magnet a  third  thick  wire  coil,  which  can  at  all  times  be 
energised  by  two  storage  cells  carried  on  the  car,  and  thus 
the  strip  can  be  picked  up  and  the  main  circuit  again 
established  if  it  should  have  been  accidentally  interrupted. 
I  may,  however,  at  once  state  that  during  some  tests  which 
I  made  on  an  experimental  line  of  this  kind,  and  which 
lasted  over  several  days,  there  has  been  no  need  for  the 
picking-up  battery,  as  the  current  was  never  lost  I  shall 
say  a  few  words  about  the  results  of  these  tests  presently ; 
but  before  entering  upon  the  practical  results  I  would  draw 
your  attention  to  a  question  of  both  practical  and  theo- 
retical importance — namely,  the  way  in  which  Mr.  Lineff 
makes  use  of  magnetic  lines  of  force  to  effect  the  attraction 
of  the  iron  strip.  It  might,  perhaps,  be  thought  that  the 
most  direct  and  therefore  the  best  way  of  utilising  the 
lines  of  force  would  be  by  one  single  line  of  sectional 
rail  through  which  there  would  be  longitudinal  magnetic 
flux  corresponding  with  the  fore  and  aft  position  of  the 
poles  and  attraction  of  the  strip  at  every  gap  between 
two  sections.  Experiment  has,  however,  shown  that 
this  apparently  direct  way  is  by  no  means  the  best 
way,  and  that  far  more  satisfactor}*  results  can  be 
obtained  by  arranging  a  more  roundabout  course  for  the 
lines  of  force.  This  is  attained  by  the  employll^nt  of  the 
subsidiary  or  buried  rail,  the  gaps  in  which  do  nd  exactly 
correspond  with  those  in  the  main  or  surface  rait^^t  aiW 


i 


THE  ELECTRICAL  EKGINEER.  OCTOBER  10,  1890. 


309 


shifted  forward  hy  a  certoia  amount.  In  consequonce  of  direction,  vbich  includes  the  atrip.  Tbia  Saw  of  nagnetlo 
thiB  UTangement^  the  buried  rail  acta  as  a  kind  of  magnetic  force  tranaveraely  ia,  therefore,  that  which  effects  the  attrac- 
bridge  to  successive  portions  of  the  surface  rail,  and  this  tion  of  the  atrip,  and  may  be  represented  as  a  aeries  of 
action  takasplace  in  two  ways,  one  direct  and  the  other  i  magnetic  atitches  passing  to  and  fro  between  the  two  seU  of 
indirecL  The  direct  way  ia  loDgitndinal,  and  does  not  rails  and  the  atrip. 
affect  the  atrip  at  all.     The  indirect  way  is  both  longitu-        This    action    will    be  understood  by  reference  to  the 


Fios.  1  AND  2.— M^pietio  Condition  of  B^ls— Unaff  8rft«m. 


Fin.  3.---Llneff  CloMil  CoDdnit— Section. 


Fio.  4.— lineff  QoMd  Conduit— Plan. 


Fie.  5,— Magnetlo  Collector. 


dinal  and  tran  srerae,  the  Utter  passing  several  times  through 
the  strip.  The  Iraried  rail  ia  a  rather  imperfect  bridge  to 
the  lines  of  force  traversing  it  longitudinally,  because  its 
nugnetic  resistance  in  tiat  direction  is  great,  but  this  rail 
forms  a  very  efficient  bridge  for  lines  passing  through  it 
^rauversely,  owing  to  its  lower  magnetic  resistance  in  that 


diagrams  1  and  2,  which  represent  the  magnetic  condition 
of  the  rails  for  two  poaitiona  of  the  electromagnet.  North 
polarity  is  indicated  by  shading.  A  repreaenta  the  surface 
rail,  and  B  the  buried  rail.  The  enei^  provided  to 
attract  the  atrip  is  only  180  watta,  or  equivalent  to  that 
consumed  b^  three  glow  lamps,  and  tbi;  I  have  found 
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sufficient  under  all  ctrcumstaDtes.  Fig.  3  ib  a  cross-section, 
partly  in  perBpective,  Fig.  4  a  plan,  and  Fig.  5  a  longitu- 
diital  sectioQ  of  the  line  and  electromagnet. 

The  experiments  to  which  I  have  referred  were  under- 
taken to  see  whether  the  whole  system  is  practically 
workable.  The  first  question  which  presented  itself  was 
whether  the  wave  in  the  strip  running  along  at  the  speed 


larger.  In  the  first  system  elaborated  by  Mr.  Lineff,  the 
flexible  underground  shoe,  with  its  trailing  rope,  required 
from  201b.  to  481b.  for  its  propulsion.  In  the  series  system 
the  "arrow"  rubbing  through  the  "spring  jacks'  most 
necessarily  also  require  the  application  of  considerable 
force ;  but  I  have  no  figures  on  this  point.  In  the  new 
Lineff  system  the  electromagnet  rolls  on  the  surface  rail, 


Fio.  6.— Path  of  Magoetio  Lines. 


of  the  car  was  likely  to  induce  subsidiary  waves  either  in 
front  or  behind  the  car,  whereby  exposed  eections  of  the 
surface  rail  might  become  charged  and  be  a  danger  to 
ordinary  traffic.  To  investigate  uiis  matter  a  pilot  brush 
was  fitt«d  to  the  car  at  different  distances  from  its  centre, 
and  connected  with  an  electric  belL  The  pilot  brush  was 
so  placed  as  to  slide  over  the  surface  rail,  and  if  on  a 
chaj^ed  section  the  bell  would  sound.    It  was  found  that 


Fid.  7. — Magnetic  Lines,  thin  hoop  iron. 

the  charged  region  was  at  all  speeds  considerably  shorter 
than  the  length  of  an  ordinary  car.  Contact  bests- were 
also  made  over  the  whole  line  at  greater  distances  from  the 
car  than  the  pilot  bruah  could  reach,  and  in  no  case  have  I 
found  an  exposed  section  of  rail  charged.  There  was, 
fOrtber,  the  danger  that  with  a  dry  and  dirty  line  the 
collection  of  current  might  be  accompanied  by  sparking. 


and  the  propelling  energy  is  consequently  small  I  am 
informed  by  Mr.  Lineff  that  he  has  succeeded  in  reducing  it 
to  210  watts  with  the  magnet  energised.  The  whole  power 
spent  in  collection  of  current  is  therefore  about  half  a 
horse-power. 

The  insulation  resistance  of  the  conductor  was  tested 
both  by  the  bridge  method  (48  LeclancU  cells.  Poet  Office 


Fio.  S. — Uagnetic  Lines,  ^tn.  hoop  iron. 

pattern  oridge,  and  mirror  galvanometer),  and  by  passing  the 
leakacte  current  through  a  voltmeter,  and  the  two  methods 
gave  fairly  accordant  results.  The  highest  reading  I 
recorded  by  the  voltmeter  test,  when  the  full  pressure  of 
230  volt«  was  on  the  conductor,  was  5,400  ohms,  and  the 
lowest  3,590  ohms.  From  these  figures  it  appears  that  the 
average  insulation  is  186  ohms  per  mile. 


Fio.  10.— Method  of  Bolting  Rails  adopted  in  praotioe. 


which  would  frighten  horses;  but  this  difficulty  was 
overcome  by  fitting  wire  brushea  to  the  pole  shoes  of  the 
electromagnet. 

An  important  point  in  all  conductor  systems  of  electnc 
tramway  is  the  energy  spent  in  collecting  the  current.  With 
the  overhead  wire  system  this  is  very  small  and  practically 
inappreciable.  With  an  underground  system  it  is  naturally 


To  ascertain  the  surface  leakage  I  also  applied  the  volt- 
meter test,  and  found  the  following  insulation  resistances  of 
three  charged  sections  of  magnetic  rail.  With  the  line 
clear  and  moist,  4,183  ohms  ;  with  the  line  very  wet  and 
covered  with  mud  and  horse  droppings,  980  ohms.  Taking 
2,000  ohms  as  an  averAge,  the  loas  of  power  at  300  volts 
by  surface  leakage  per  car  amounts  to  45  watts. 
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The  mechanical  strength  of  the  line  was  tested  by  runninK 
a  steam  roller  over  it  ia  various  directions,  under  which 
treatment  the  line  suffered  no  damage  whatever. 

Whilst  the  above  paper  was  being  read  several  very 
interesting  magnetic  figures  were  handed  round  to  the 
audience.  We  reproduce  three  of  these  in  Pigs.  6,  7,  and 
8.  Fig.  6  shows  the  paths  of  the  magnetic  lines  in  their 
conrse  from  one  magnet  pole  to  the  other,  backwards  and 
forwards  across  the  air  gap  between  the  bidden  and  surface 
rails.  The  position  of  the  magnet  poles  N  and  S  are  as 
indicated.  It  will  be  observed  that  the  courses  of  the 
magnetic  lines  show  that  the  polarity  is  distributed  as 
shown  diagrammatically  in  Fig.  1,  one  surface  rail  inter- 
vening between  the  magnetic  poles.  Figs.  7  and  8  show 
the  magnetic  lines  on  a  transverse  section.  In  E^.  7  the 
hoop  iron  is  6in.  by  No.  9  RW.O.,  whilst  that  in  ng.  8  is 
iia.  by  ^in. 


dency  is,  if  anytiitng,  in  the  opposite  direction,  and  that 
the  quicker  the  car  travels,  the  shorter  is  the  length  of 
charged  eurface  ruL  In  all  cases  this  length  is  less  than 
that  of  an  ordinary  car. 

With  regard  to  the  coat  of  the  conductor,  we  understand 
that  tbis  does  not  exceed  £1,200  per  mile  of  single  line. 

A  view  cf  the  Lineff  car  in  motion,  being  driven  by  a 
juvenile  daughter  of  Mr.  J.  Seymour  Keay,  M.P.,  ia  given 
in  Fig.  11. 


Mr.  Kapp  for  his  description  of  tKe  aystem. 


uone  wbiob,h6 

, ._,   ..  ...1  had  been  felt 

for  a  long  time,  BSBnming,  of  conrM,  that  nothing  but  ondergroand 
eondacton  would  be  allowed  by  ths  authoritiM.  Several  luigiiieen 
of  the  speaker's  aoqn^tance  oad  been  directing  Iheir  attention 
to  the  meana  of  picking  up  contact  in  a  duct  nndemeatb  the 
Borface,  and  which  oontawea  the  copper  oondnetor,  and  they  had, 


Fio.  II.— View  of  the  LinefT  Qoaed  Conduit  Electric  Car. 


Fig.  9  shows  the  way  in  which  the  surface  and  buried 
i-ajls  have  to  be  bolted  together  in  pairs.  Tbe  breaks  in 
the  buried  rail  are  here  represented  as  being  placed  half 
way  between  those  of  the  surface  rail,  this  arrangement 
being  the  best  from  a  magnetic  point  of  view.  The 
mechanical  disadvantage  of  having  so  much  of  the  rail 
comparatively  unsupported,  has  caused  a  modification  such 
u  that  shown  in  Fig.  10  to  be  adopted  in  practice. 

Most  of  tbe  pointe  raised  in  the  discussion  were  fully 
dealt  with  in  Mr.  Kapp's  report  on  the  system  published  in 
oiiriftsueof  Aug.  1.  Ma jor-General  Webber's  remarks  as 
1«  tbe  pressure  used  in  the  motor  do  not  seem  to  have  been 
clearly  reported.  With  regard  to  the  influence  of  the  spee-l 
on  the  duration  of  the  contact,  he  apparently  considers 
that  the  danger  of  an  active  trail  being  left  behind  the  cir 
would  increase  as  the  speed  was  raised.  Teste  on  this 
point,  however,  for  speeds  up  to  eight  miles  per  hour  (the 
uaiimum  allowed  for  tramway  traffic)  show  Uial  the  ten- 


he  muet  confeu,  fallen  short  of  the  ingenuity  diiplayed  in  the 
sjFtem  suggeetod  by  Mr.  Linoff.  The  descnption  he  had  jnit 
hsard  ahoired  that  they  might  see  daylight  in  that  direction.  He 
should  like  to  draw  the  attention  of  Mr.  Kapp  to  one  or  two 
pointe,  on  which  the  meeting  wu  entitled  to  a  little  furiJier  infor- 
mation. Before  proceeding  fuither,  tbe  speaker  pointed  out  one 
or  two  things,  with  diagrams,  which  were  not  qaito  clear.  In  the 
main,  however,  the  diagruns  eave  a  moat  excellent  and  graphic 
description  of  the  way  m  which  the  magnetic  field  in  the  roQing 
magnot  excited  the  rail.  He  felt,  howovor,  that  there  waa 
absence  of  information  aa  to  the  pressure  which  actuated  the 
motor  in  the  car.  Supposini^  the  pressure  to  be  500  volts,  bo 
failed  te  see  that  it  was  aeoure  in  preventing  the  rail  remaining  in 
□ontact  after  the  passage  of  the  car  travelling  at  the  rate  of  about 
15  miles  an  hour,  not  Miiicularly  on  the  lines,  but  in  tbe  subways. 
Althoogh  the  people  did  not  walk  in  the  subways,  there  was  atiU 
a  liabiUty  to  accident  if  there  resulted  a  permanent  oooliot 
between  the  strip  and  the  iron  rails.  In  the  abeenoe  of  that 
information,  he  would  also  like  W  ask  the  size  of  tbe  copper 
conductor  te  the  work  which  requires  to  be  done.  He  must  confess 
some  doubt  as  te  tbe  insulation  of  the  condnoter  as  shown  on  the 
diagram.     Though  it  might  be  fairly  good,  there  was  the  different 
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oonditioii  of  hiehwaya,  etc.,  and  the  qaeetion  of  weight,  which  at 
some  time  mient  break  the  whole  thing  to  pieces,  m  conclusion, 
the  speaker  referred  to  the  competition  between  the  use  of  cable 
and  electrical  traction,  considering  there  was  a  large  field  for  work. 
Mr.  Preeoe  said  he  had  only  to  add  to  what  Mr.  Kapp  had  said 
by  stating  that  he  had  inspected  the  working  of  the  system  near 
Qiiswick,  and  he  corroborated  every  word  that  the  reader  of  the 
paper  had  said.  His  (the  speaker's)  fears  of  practical  success  of 
the  system  were,  principally,  that  there  mi^ht  be  a  failure  of  con- 
tact ;  but  this  was  got  over,  first,  by  havmg  a  very  broad  strip 
and  very  lengthy  contact,  and  also  by  the  fact  that  the  flexible 
iron  conductor  is  galvanised  and,  therefore,  always  clean.  More- 
over, the  galvanisation  on  the  surface  has  exactly  the  same 
efiedi  as  the  insertion  of  pieces  of  paper  on  the  pole- pieces  of 
electromagnets.     Of  all  systems  produced  this  had   an  air   of 

Sracticability  about  it,  but  it  would  be  quite  impossible  to  give  a 
efinite  opinion  upon  it  until  it  had  received  the  test  of  actual 
practice.  His  impression  was  that  the  tramway  company  which 
served  the  district  about  Kew  would  lay  down  three  or  four 
miles  of  the  system,  and  he  hoped  when  they  met  at  Cardiff  next 
year  that  Mr.  Kapp  would  be  able  to  tell  us  tne  results  of  an  abso- 
lute practical  test. 

FroU  Arnold  Lnpton  made  some  remarks  on  the  insulation  of 
the  rails  and  the  falling  of  the  strips,  but  his  remarks  were  indis- 
tinctly heuxl. 

Mr.  S^UoB  said  there  were  one  or  two  questions  he  would  like 
to  ask.  They  had  not  had  any  detail  as  to  the  cost,  which  was 
naturally  the  first  thing  of  a  tramway  engineer.  Although  Mr. 
Kapp  had  said  the  system  could  only  bo  an  advantageous  system 
in  the  particular  districts,  because  no  other  system  would  be 
allowed  in  the  districts,  he  did  not  see  why  other  electric  systems 
should  be  thrown  out  because  Mr.  Kapp  wished  to  introduce 
lineff's  system.  He  would  have  been  glad  if  Mr.  Lineff  had 
joined  hands  with  them  in  the  late  fights  in  Parliament  against 
telephone  companies.  If  the  telephone  companies  were  gom^  to 
have  their  clauses  introduced  into  their  Bills  for  electric  traction, 
neither  Mr.  Uneff's  system  nor  any  other  system  by  which 
the  return  wire  coming  through  earth  could  be  used.  One 
great  difficulty  he  saw  with  the  system  is  whether  the  contact  is 
always  goiuK  to  drop  directly  the  car  passes  over  at  great  speed. 
He  desired,  before  sitting  down,  to  draw  Mr.  Kapp's  attention  to 
the  telephonic  clauses,  and  he  asked  the  question  as  to  the  cost 
per  mile  and  its  absolute  efficiency  from  its  generating  station  at 
the  car  motor. 

Prof.  iBwiag  said  how  much  one  must  admire  the  exceedingly 
ingenious  method  by  which  Mr.  Line£f  had  solved  the  funda- 
mental mag[netic  difficulty  in  the  problem.  They  had  here  a  strip 
and  a  sufficient  amount  oi  mechanical  force  ;  the  action  upon  the 
iron  strip  occurred  only  when  the  iron  rail  above  it  was  inter- 
rupted, and  if  the  longitudinal  action  had  been  made  use  of  it 
would  have  been  necessary  to  cut  a  longitudinal  rail  into  an 
inconveniently  large  number  of  sections :  but  by  the  exceedingly 
simple  device  of  employing  a  supplementary  rail  cut  into  compara- 
tively long  sections,  Mr.  Lineff  had  succeeded  in  grasping  his 
conductor  not  at  one  or  two  points  only,  but  almost  the  whole 
length  under  the  car.  It  was  mipossible  not  to  admire,  from  the 
magnetic  point  of  view,  the  exceedingly  ingenious  solution  of  the 
difficulty.  Something  after  the  same  system  has  been  before  the 
public  as  a  proposal  for  a  number  of  years — namely,  the  system 
originally  introduced  by  Messrs.  Ayrton  and  Perry,  having  a 
thoroughly  well  insulated  conductor  underground,  wnich  was  to 
be  connected  when  the  car  passed  with  successive  sections  of  a  not 
so  well  insulated  conductor  serving  as  a  service  conductor.  This 
was  exactly  what  Mr.  Lineff  did,  tnough,  of  course,  in  a  very  much 
more  satisfactory  way  than  the  mechanical  methods  practised  by 
Ayrton  and  Perry. 

llr.  Bwlnlnime  wished  to  emphasise  what  Mr.  Sellon  had  said. 
It  was  an  important  question  that  of  the  telephones,  and  one 
hardly  knew  what  would  happen  unless  the  thing  could  be  settled. 
Insulated  returns  were  insisted  on,  which  was  a  tremendous 
drawback  to  electric  traction. 

Mf^or-Oeneral  Weblier  said  that  with  regard  to  the  telephone, 
they  could  next  year  dismiss  this  fear  from  their  minds,  for  he  had 
every  reason  to  believe  that  almost  all  the  telephone  systems  in 
this  country  would  be  served  by  metallic  returns  and  not  by  earth 
returns,  in  which  case  it  would  not  be  necessary  to  insist  on  such 
clauses. 

SSr.  Kapp,  before  entering  into  the  technical  questions,  said  he 
would  reply  to  Mr.  Sellon.  He  wished  it  to  be  clearly  under- 
stood he  had  not  any  interest  whatever  in  bringing  forward 
the  Lineff  system.  He  placed  before  them  the  result  of  careful 
investigations  without  comment.  He  did  not  wish,  as  Mr.  Sellon 
had  said  he  wished,  to  throw  out  any  other  system  of  electric 
traction  ;  for  his  part,  he  would  be  glad  to  see  it  go  iJiead  a  little 
faster.  English  town  councils  (ana  they  must  reckon  with  the 
powers  that  be)  would  not  tolerate  the  overhead  wires,  and,  conse- 
quently, engineers  must  work  with  the  underground  or  some  other 
system,  and  often  the  town  council,  as  was  the  case  in  the 
Hammersmith  Vestry,  had  so  tender  a  regard  for  cyclists,  as  to 
prohibit  the  use  of  the  slot  in  the  street.  The  difficulty  in  dis- 
turbing the  telephone  wires  was  overcome  by  working  tne  tram 
lines  on  the  three-wire  system,  the  down  line  connected  with  the 
positive  and  the  up  with  the  negative,  and  the  third  wire  put  to 
earth,  which  resulted  in  a  differential  current,  which  was  small, 
going  to  earth.  He  was  sorry  that  he  did  not  explain  that  the 
current  went  back  to  the  station  in  the  usual  way  :  but,  of  course, 
they  could  have  a  second  conductor  if  they  wanted  to  work  a  close 
circuit.  The  system  of  duplicating  the  telephone  wires  was  far 
preferable.  They  all  knew  the  bad  telephones  in  London,  and 
they  would  be  better  if  thi^t  were  adopted.    In  regard  to  the 


question  asked  by  General  Webber  about  the  strip  remaining  in 
contact,  he  was  sorry  he  did  not  make  it  quite  clear ;  the  strip  did 
not  remain  in  contact.  He  had  a  fear  that  the  residual  mag- 
netism would  be  enough  to  keep  up  the  strip,  and  anoth^  fear  was 
the  main  wave  under  the  car,  by  some  way  jerking  the  strip  would 
induce  subsidiary  waves  and  make  a  contact ;  but  he  (the  speaker) 
had  tried  in  many^ways  to  make  this  contact,  but  had  not  suc- 
ceeded. General  Webber  evidently  thought  the  contact  would  be 
due  to  the  voltage,  but  the  residual  magnetism  did  not  prolong 
the  contact,  which  was  the  reason  that  galvanised  covering  was 
used.  As  to  the  enquiry  about  insulation,  what  he  had  put  on  the 
blackboard  was  the  line  as  it  was  actually  built,  but  since  the  line 
had  been  finished  Mr.  Lin^,  who  had  a  most  ingenious  mind, 
had  improved  the  general  arrangement  of  the  surface,  and  hoped 
thereby  to  get  a  very  much  higher  insulation.  As  to  failure  of 
contact,  a  part  of  Mr.  Lineff's  work  was  to  provide  means  whereby 
the  strip  could  be  drawn  out  and  a  new  strip  drawn  in,  if  it  were 
found  tne  strip  fell  down.  One  gentleman  had  asked  how  this 
one-car  system  could  be  worked.  The  system  of  working 
tramways  most  in  use  was  known  as  the  parallel  working  system. 
The  conductor  which  brings  the  current  was  tapped  by  each  car, 
which  drew  off  sufficient  current  to  give  motive  power ;  but  there 
was  nothing  to  prevent  the  second  car  tapping  the  said  conductor. 
It  was  a  well-known  system  of  tramways,  which  had  been  nsod  in 
many  cases.  An  ascending  car  would  tap  off  a  little  more  electricity, 
and  a  descending  car  may  tap  off  a  little  less,  or  it  may  give  back  a 
little  if  the  descent  was  strong  enough.  As  to  whether  there  would  be 
any  noise  from  the  strip,  there  would  be  absolutely  none  whatever. 
As  to  the  question  of  cost,  he  knew  what  Mr.  Lineff's  estimate 
was,  although  he  did  not  know  whether  it  was  correct,  the  cost 
would  be  £2,000  a  mile,  which  was  a  little  heavier  than  overhead 
conductor,  but  not  much. 


THE  MIDDLEMAN  IN  ELECTRIC  UGHTINO.* 


Did  the  framers  of  the  Electric  Lighting  Acts,  1882  and  1888, 
contemplate  the  creation  of  a  body  of  middlemen  between  the 
Board  of  Trade  and  the  actual  suppliers  of  electricity?  What 
would  be  the  effect  upon  the  electrical  industry  of  the  institution 
of  such  a  body  ?  Su(m  were  the  questions  which  a  short  time  ago 
greatly  exercised  the  mind  of  the  electrical  world.  They  were 
consequent  upon  the  reported  decision  of  the  Board  of  Trade 
(favourably  discussed  by  a  correspondent  in  the  Times)  to  concede 
to  local  authorities  the  right  to  transfer  to  "  any  company  or 
person "  the  powers,  duties,  and  liabilities  "  incident  to  the 
possession  of  a  provisional  order.  A  deputation  from  metropolitan 
electric  supply  companies  had  an  interview  upon  the  subject  with 
the  T'resident  of  the  Board  of  Trade,  and  placed  before  him  the 
grounds  for  their  belief  that  the  powers  asked  for  by  the  local 
authorities  were  in  contravention  to  the  spirit  of  toe  Electric 
Lighting  Acts,  and  would,  if  granted,  prove  a  bar  to  progress. 

It  was  argued,  inter  alia,  that  although  upon  the  face  of  it  the 
qualifying  words,  "  without  the  consent  of  the  Board  of  Trade," 
added  by  the  Lords  Committee  to  the  eleventh  clause  of  the  BiU 
of  1882,  as  it  left  the  Select  Committee  of  the  House  of  Commons, 
did  seem  to  favour  the  notion  of  a  contemplated  power  of  transfer, 
the  limits  of  that  power  were  pretty  clearly  denned  by  the  fact 
that  it  was  to  be  possessed  equally  by  local  authorities  and  by 
private  undertakers.  "No  local  authority  or  person" — so  the 
prohibition  reads — "  shall  by  any  contract  or  assignment  transfer 
to  any  other  company  or  person  or  divest  theme^ves  of  any  legal 
powers  given  to  tnem,  or  any  legal  liabilities  imposed  on  them 
ny  this  Act,  or  by  any  license,  order,  or  special  Act,  without 
the  consent  of  the  fioara  of  Trade." 

The  most,  apparently,  that  oould  be  said  upon  this  was  that 
circumstances  were  conceived  which,  equally  in  the  case  of  a  cor- 
poration and  of  a  company,  might  justify  or  make  desirable  the 
transfer  of  an  order,  and  that  the  Board  of  Trade  was  thereupon 
authorised,  if  it  saw  fit,  to  sanction  the  transfer.  Evidence 
confirmatory  of  the  correctness  of  this  view  was  to  be 
obtained  by  an  examination  of  the  proceedings  of  tJie 
Select  Committee  of  the  House  of  Commons  on  the  BUI 
Mr.  R.  S.  Wright,  counsel  for  the  Liverpool  and  other 
corporations,  proposed  a  broadly-worded  clause,  ostensibly  to 
empower  local  authorities  under  the  Act  to  contract  with  com- 
panies or  individuals  for  the  construction  and  the  maintenance 
during  a  fiLxed  period  of  electric  lighting  installations.  But  Mr. 
Chamberlain  thought  that  the  terms  of  the  proposed  clause  were 
comprehensive  enough  to  confer  the  very  power  of  delegation  now 
sought,  and  he  objected.  Upon  which  Mr.  Wright  expressly 
disclaimed,  on  behalf  of  the  corporations,  the  wish  for  any  such 
concession,  and  he  suggestea,  with  the  avowed  object 
of  preventing  such  a  use  of  a  provisional  order,  the 
addition  to  his  clause  of  the  qualifying  words  afterwards  adopted 
by  the  Lords.  The  committee,  however,  after  some  full  considera- 
tion of  the  point,  rejected  Mr.  Wright's  clause,  and  substituted 
for  it  one  which  absolutely  and  without  Qualification  prohibited  a 
transfer.  Thus,  neither  from  the  terms  of  tne  eleventh  clause  itself — 
and  this  clause  is  in  no  wise  inconsistent  with  the  general  tenour  of 
the  Act — nor  from  the  evident  intentions  of  its  framers,  as  idiown 
also  in  other  provisions  of  the  Act,  did  it  seem  possible  to  make 
out  a  case  for  the  exceptional  treatment  proposed  to  be  accorded 
by  the  Board  of  Trade  to  local  authorities.  The  President  of  the 
Board  of  Trade  has,  however,  a  child-like  confidence  in  the  wisdom 
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and  the  impeccability  of  mayors  and  corporations  that  is  really 
pathetic.  He  has  since  inserted  ih  a  few  orders  the  clause  asked 
for,  and  it  is  understood  that  a  precedent  has  been  established  for 
all  similar  orders.  The  final  decision  rests,  of  course,  with  Parlia- 
ment, and  the  question  is  still  arguable. 

What  will  be  the  effect  of  this  new  departure  ?    The  immediate 
effect  will,  in  all  probability,  be  a  considerable  increase  in  the 
applications  for  proxisional  orders  by  local  authorities.     Not,  of 
course,  with  the  view  of  supplying  electricity  themselves ;  this 
they  could  have  done,  without  waiting  for  a  transfer,  any  time 
these  years  past.    Not,  either,  as  is  sometimes  alleged,  to  acquire 
more  complete   control  over  the  necessary  mainlaying,  etc.,   in 
their  stieets,   it  being  almost  inconceivable  that  more  effective 
control  could  be  devised  than  that  already  in  force  under  the 
model  order  of  the  Board  of   Trade.      Their  functions  will  be 
those  of  middlemen,  of  prejudicially  interested  middlemen,  in 
many  cases  (as  will  presently  be  shown),  with  the  power  and  the 
motive  to  farm  out  their  ozxler  on  terms  more  onerous  than  those 
conceded  by  the  Electric  Lighting  Act  of  1888 ;  traders  not  in 
electric  lighting — that  would  be  a  legitimate,  if  an  inadvisable, 
policy— but  in  an  Act  of  Parliament.    The  thins  is  an  anomaly, 
and  a  vicious  one.     If,  as  there  is  reason  to  believe,  the  cor- 
respondent in  the   Times  before  referred   to  may  be  accepted 
as  their  spokesman,   the  chief  aim  of  these  newly-constituted 
middlemen    will    be,     as    might    naturally    be    supposed,    to 
considerably    shorteu    the    tenure    of    supply   allowed    by    the 
above-mentioned    Act — to  revert,    in    fact,    as   closely   as  pos- 
sible to  the  21  years'  tenure  of  the  Act  of  1882.    They  would 
rather  not  take  the  risks,  but  the  profits,  should  there  be  any ; 
these  they  would  like  to  pocket  at  an  earlier  date  than  the  Act 
provides    for.     Can    this    be   done    without   checking,    without 
arresting  altogether,  it  may  be,  the  further  development  of  electric 
lighting?      The  precedent  of  1882  would    seem  to    supply  an 
emphatic  negative.     It  would  be  idle,  of  course,  to  deny  that  since 
the  passing  of  that  Act  electrical  engineering  has  made  consider- 
able advance,  especially  in  the  direction  of  an  economical  distribu- 
tion of  electricity  over  large  areas.     But  it  is  equally  futile  to 
attribute  to  electrical  shortcomings,  as  some  interested  people  do, 
the  paralysis  of  electric  lighting  enterprise  which,  following  upon 
the  l^islation  of  1882,  continued  up  to  that  of  1888.    The  whole 
Question  was  exhaustively  dealt  with  by  the  Select  Committee  of 
the  House  of  Lords  in  1886.     It  was  then  shown  (by  Sir  Frederick 
Bramwell  and  Prof.  Forbes)  in  particular  that  on  the  Continent 
and  in   America,   where  confiscatory   purchase  clauses  did  not 
exist,   electric  supply  from  central  stations  had  long  been  an 
established    industry,    and   a   successful   one.      They    declared 
that  electrical  science  was  at  least  as  advanced  in    England 
as  elsewhere;  the  difference  in  the  work  accomplished  was  the 
difference  between  science  unfettered  and  science  fettered    by 
repressive  legislation.    Their  conclusions  were  emphasised  bv  men 
of  the  financial  status  of  Sir  John  Lubbock,  Hdr.  Hucks  Gibbs, 
and  the  late  Mr.  Lionel  Cohen,  who  agreed  that  no  capitalist 
would  look  at  an  electric  lighting  company  with  a  tenure  in  any 
wise  approaching  to  21  years,  to  be  terminated  by  the  compulsory 
sale  of  its  undertaking  for  the  mere  value  of  the  plant,  etc.    From 
the  evidence  given  before  them  the  committee  arrived  at    the 
conclusion  that  to  remove  the  bar  to  progress  that  the  Act  of 
1882  had  imposed,  to  give  elbow-room  to  private  enterprise,  an 
extension   of  tenure  to  42  years  was  absolutely  necessary ;  the 
result  waa  the  Electric  Lighting  Act  of  1888.     Since  then,  at  any 
rate,  no  economising  improvement  has  been  introduced  into  the 
industry,  no   more  lavourable   conditions  exist  to  convert    the 
capitalist  to  the  belief  that  a  tenure  which  he  pronounced,  and 
the  committee  acknowledged,  to  be  impossible  in  1886  would  be 
remunerative  in  1890.     The  inference  is  obvious  and  irrefutable. 

It  will  be  Dlain,  indeed,  from  the  following,  among  other  con- 
siderations, tnat  in  the  very  nature  of  the  case  a  snort  tenure 
would  not  lessen  the  number  of  dividend-earning  vears  ;  it  would 
lessen  the  chances  of  earning  any  dividend  at  all.  The  Electric 
Lighting  Act  of  1888  lb  an  improvement  upon  its  predecessor  only 
in  the  direction  of  a  lengthened  tenure  of  supply  ;  the  conditions 
of  compulsory  purchase  renuiin  practically  the  same.  Now,  as 
then,  the  local  authority  within  whose  area  electricity  is  being: 
supplied  may  require  the  supplying  company,  at  the  expiration  of 
the  statutory  term,  to  sell  to  them  its  undertaking  upon  terms  of 
receiving  "  the  then  value  of  all  lands,  buildings,  works,  materials, 
and  plant  suitable  to  and  used  for  the  purposes  of  the  under- 
taking" ;  all  other  considerations  that  usually  attach  to  the  sale  of 
a  busmeas  (eoodwill,  past  and  prospective  profits,  etc.)  being 
expressly  ex<3uded.  Iiay  wers  are  said  to  have  discovered  in  the 
terms  of  the  section  an  ambiguity  favourable  to  the  seller.  If  it 
exists,  local  authorities,  in  making  terms  with  their  lessees,  may 
he  trusted  to  act  upon  the  suggestion  of  the  TtTnes  correspondent, 
and  to  remove  it. 

Now,  the  amount  that  would  be  refunded  to  the  company  by 
the  sale  of  their  undertaking  on  such  terms  as  these  must  of 
necessity  represent  but  an  infinitesimal  part  of  the  total  capital 
that  would  have  been  spent  in  the  building  up  of  the  business. 
The  deficiency  must  be  provided  for  somehow.  A  sinking  fund, 
laive  in  pro^rtion  to  the  shortness  of  the  tenure,  must  be  set 
asiae  out  of  income  for  the  redemption  of  capital.  The  larger  the 
sinking  fund  the  higher  must  the  charge  be  for  electricity,  the 
more  diaadvantageously  must  electric  light  compete  with  its 
cheaper  rival,  gas,  and  the  more  restricted  in  consequence  must 
be  the  area  of  possible  supply.  The  conclusion  is  inevitable  that 
to  what  extent  soever  you  may  succeed  in  reducing  the  tenure  of 
supply  authorised  bv  the  Act,  to  just  that  extent  you  handicap, 
unfairly  handicap,  the  electric  light  in  it-s  competition  with  gas  ;  to 
just  that  extern t  you  lessen  its  attractiveness  for  the  prudent 
investor.    The  injury  extends  to  the  ratepayer,  whose  *'  interests  " 


are  to  be  jealously  guarded.     He  would  suffer,  too,  by  paying  an 
unnecessarily  high  price  for  the  electricity  he  would  consume. 

There  is  another  consideration  and  a  very  important  one. 
Nobody  suptxMes  that  the  last  word  has  heSn  said  upon  the 
question  of  oynamic  machinery.  Electricalscience  will  probably 
stride  onward  to  discovery,  to  improvement.  Can  it  be  expected 
that  a  company  which,  on  arriving  at  mere  maturity,  has  to  look 
only  for  extinction,  can  it  be  expected  that  such  a  comrany  would 
be  ea^er  to  adopt  improved  methods  of  supply?  Who  would 
subscribe  the  capital  for  the  purchase  ?  It  may  m  answered  that 
an  arbitrator  would  be  bound  to  take  into  his  consideration,  in 
awarding  the  price  of  the  undertaking,  the  greater  suitability  of 
the  new  methods  for  the  purposes  of  the  undertaking.  Possibly ; 
but  would  he  award  anything  at  all  for  the  old  and  discarded 
machinery — ^machinery,  it  must  be  remembered,  which  would  still 
have  served  to  earn  dividends  ?  Here  would  be  a  dead  loss.  Thus 
a  short  tenure  would  have  also  a  tendency  to  discourage  invention. 
The  writer  does  not  profess  to  be  in  the  secrets  of  Capel-court, 
but  he  is  told  that  *'  the  City  "  is  by  no  means  rampant  to  invest 
in  electrical  undertakings,  even  under  a  42  years'  tenure.  Under 
less  favourable  conditions  either  electric  supply  would  not  be 
undertaken  at  all  or  it  would  be  embarked  upon  by  rash  specu- 
lators and  developed  into  a  failure. 

The  foregoing  are  intended  as  reasons  against  the  placing  in  the 
hands  of  any  local  authority  the  power  to  practically  annul  the 
provisions  of  an  Act  of  Parliament  and  to  arrest  the  progress  of 
electrical  enterprise.  Their  force  must,  it  is  evident,  be  immensely 
increased  when  it  is  remembered — it  is  impossible  to  ignore  that 
fact  in  this  connection — that  a  large  number  of  these  local  bodies 
are  owners  of  gas  undertakings.  Upon  the  profitable  working  of 
those  undertakings  depends  the  security  of  vast  sums  of  borrowed 
money.  The  introduction  of  electric  light  might  endanger  that 
security.  It  is  not  necessary  to  impute  corrupt  motives  in  order 
to  appreciate  at  its  proper  value  the  via  inertia^  the  active  opposi- 
tion even,  to  be  naturally  looked  for  in  public  bodies  so  prejudi- 
cially interested.  They  are  guardians  of  the  **  interests  of  the 
ratepayers,"  they  are  ratepayers  themselves,  they  are  mortal  men. 
To  snut  out  all  other  apphcants  they,  too,  will  obtain  provisional 
orders.  They  can  hardly  be  expected  to  cut  their  own  throats  by 
working  them  themselves ;  will  they  do  so  indirectly  by  the  con- 
cession of  favourable  terms  to  lessees  ? 

The  unfairness  to  the  new  industry  of  granting  to  bodies  so 
circumstanced  the  power  to  veto  the  introouction  into  their  town 
of  a  competing  illuminant  was  recognised  by  several  members  of 
the  Lords*  Select  Committee  of  1886.  Lord  Ashford  and  Lord 
Balfour  of  Burle^h  especially  made  several  efforts  to  so  modify 
Clause  1.  of  the  Bill  as  to  exclude  gas-owning  corporations  from 
those  local  authorities  whose  consent  was  to  be  necessary  to  the 
granting  of  a  provisional  order  to  private  undertakers.  Their 
efforts  were,  unhappily,  not  successful.  -And  the  result  hitherto  ? 
The  result  has  been  to  render  the  Act  a  dead  letter  in  the  case  of 
all  towns  so  governed.     Local  authorities  have  ruled  the  roost. 

It  is  in  this  direction  that  a  new  departure  is  desirable,  a  more 
liberal  interpretation,  that  is  to  say,  by  the  Board  of  Trade,  of  those 
special  circumstances  which,  in  view  of  the  framers  of  Section  I. 
of  the  Act  of  1888,  would  justify  the  grant  of  a  provisional  order 
without  the  consent  of  the  local  authority.  It  would  be  a  mere 
beating  of  the  air  to  argue  against  the  policy  of  extending  the 
commeroial  functions  of  municipal  bodies.  For  good  or  for  evil, 
the  tendency  is  in  that  direction ;  communism  is  in  the  ascendant. 
But  it  may  not  be  amiss  to  insist  upon  the  elementary  truth — it  is 
too  often  lost  sight  of — that  private  capital  will  not  take  the  risk 
of  developing,  or  of  failing  to  develop,  a  new  enterprise  for  the 
simple  good  of  the  community.  It  is  very  selfish,  but  then  the 
millennium  has  not  dawned  yet.  Until  it  does,  human  nature 
will  probably  continue  to  be  pretty  much  as  it  has  been,  and  the 
prudent  investor  will  decline  to  have  anything  to  do  with  under- 
taking that  are  to  be  transformed  by  local  authorities  on  the 
principle  of  *' heads  I  win,  tails  you  lose." 

ParUament  might,  perhaps,  do  many  worse  things  than  to 
decline  even  yet  to  sanction  the  delegation  to  such  bodies  of 
powers  which,  it  is  morally  certain,  will  be  used  to  nullify,  at 
least  for  a  long  time,  the  most  generous  provision  of  the  not  too 
generous  Act  of  1888.  The  general  tenaency  of  modern  legisla- 
tion, of  humanitarian  effort,  is  to  depose  the  middleman  and  the 
sweater.  What  has  the  electrical  interest  done,  it  might  be 
asked,  to  deserve  an  invidious  distinction  ? 


Electric  Lamps  as  Speed  Coimters. — A  new  use 

for  electricity  has  been  found  at  the  Cook  publishing  house 
in  Elgin,  says  an  Illinois  paper.  In  the  office  of  the  super- 
intendent 10  electric  lamps  are  arranged  in  separate  com- 
partments of  a  frame  or  box,  somewhat  similar  in  appear- 
ance to  the  annunciitors  seen  in  hotel  offices.  The  lamps 
are  concealed  from  view,  apertures  in  front  of  the  compart- 
ments being  covered  with  coloured  glass,  each  having  its 
distinguishing  colour.  The  lamps  are  connected  by  means 
of  electric  wires  with  the  automatic  counting  machines  on 
thelO  large  printing  presses  located  in  an  adjoining  building. 
When  the  presses  are  in  operation  the  electric  circuit  is 
opened  and  closed  by  the  working  of  the  counting  machines, 
causing  quick  flashes  of  light  in  the  lamps.  Thus  every 
sheet  of  paper  printed  in  the  establishment  telegraphs  its 
record  to  the  office,  where  the  operation  of  each  machine 
can  bo  seen  and  its  speed  or  del.-iys  noted 
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ILBMEN. 

The  Times,  in  an  article  which  we  reprint  in 
another  colunm,  has  given  one  version  of  the  case 
hetween  wonld-be  suppliers  of  electrical  energy  and 
the  Board  of  Trade,  or  rather  the  House  of 
Commons.  Much  of  what  is  stated  in  the  article 
is  perfectly  true,  and  will  be  agreed  to  by  all  engaged 
in  the  industry.  On  the  other  hand,  some  of  the 
points  are  disputed.  There  is  only  one  point  in  the 
article  upon  which  we  shall  at  present  comment 
adversely.  It  is  a  point  which  has  done,  is  doing, 
and  will  do  much  harm.  Referring  to  the  Select 
Committee  of  the  House  of  Lords  in  1886,  we  are 
told  "  It  was  then  shown  (by  Sir  Frederick  Bramwell 
and  Prof.  Forbes)  in  particular  that  on  the  Conti- 
nent and  in  America,  where  confiscatory  purchase 
clauses  did  not  exist,  electric  supply  from  central 
stations  had  long  been  an  established  industry,  and 
a  successful  one.  They  declared  that  electrical 
science  was  at  least  as  advanced  in  England  as  else- 
where, the  difference  in  the  work  accomplished 
was  the  difference  between  science  unfettered  and 
science  fettered  by  repressive  legislation.''  Now, 
while  there  is  a  modicum  of  truth  in  this  argument, 
it  is  really  very  far  from  representing  the  true  facts 
of  the  case.  The  progress  made  in  America  was 
made,  in  the  first  place,  because  electricity  had  not 
to  compete  in  the  majority  of  cases  with  an 
illuminant  in  full  possession ;  in  the  second  place, 
where  it  had  to  compete  with  another  artificial 
illuminant  such  as  gas,  the  cost  of  the  gas  was 
very  much  in  excess  of  what  it  is  in  England ; 
and,  thirdly,  the  Americans  were  quick  to  realise  that 
"  more  light*'  in  the  streets  was  a  paying  game.  In 
a  very  large  number  of  cases  the  American  town 
authorities  had,  as  we  say,  to  decide  what  the  artifi* 
cial  light  of  the  streets  should  be,  there  being  then 
none  existing.  Naturally  they  considered  the  value 
of  the  arc  light,  its  initial  cost,  and  the  cost  of 
maintenance,  as  against  the  cost  of  a  gas  works. 
Moreover,  the  geometrical  plan  of  their  streets  lent 
itself  to  arc  lighting  more  than  the  grown-up-bit-by* 
bit-without-plan  streets  of  English  towns.  The 
result  was  great  activity  in  electric  light  installa- 
tions. Further,  in  America  they  wanted  the  light, 
and  the  towns  being  young  and  vigorous,  with  none 
of  the  effete  sestheticisim  of  the  older  English  towns » 
no  objection  was  raised  to  overhead  wires.  But  not 
one  per  cent,  of  these  installations  can  be  termed 
central  station  installations.  They  were  not  put 
down  for  general  lighting,  only  street  lighting,  and 
if  the  lighting  of  interiors  has  extended  it  has  growu 
up  after  the  success  of  the  external  lighting  was 
proved.  We  contend  that  if  America  had  legislated 
on  the  question  for  artificial  light  during  the  period 
from  1880  to  1890,  all  methods  would  have  been  put 
on  the  same  footing  as  regards  "  confiscatory  pur« 
chase*'  by   the   municipalities.    The   progress   in 
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America,  then,  has  been  largely  due  to  the  diffe- 
rence of  conditions  existing,  and  has  had 
nothing  to  do  with  legislation.  With  regard  to 
the  competition  of  electricity  with  gas  in 
America,  it  must  never  be  forgotten  that 
gas  costs  them  something  more  than  two  or  three 
shillings  a  thousand.  If  in  London,  Liverpool, 
Manchester,  or  any  other  large  town  gas  costs  eight 
or  ten  shillings  per  thousand  cubic  feet,  the  intro- 
duction of  electricity  would  be  viewed  very 
differently  to  what  it  is  now.  Our  remarks  are 
intended  to  refer  simply  to  external  lighting — to  arc 
lighting,  in  £act ;  for  most  of  our  readers  fully  under- 
stand that  we  consistently  refuse  to  admit  that  it  is 
fair  to  argue  for  or  against  electricity  for  interiors 
because  it  is  or  it  is  not  dearer  than  gas.  In  this 
case  indirect  as  well  as  direct  expenditure  must  be 
considered,  as  well  as  certain  properties  of  electric 
lighting  which  are  less  prejudicial  to  health  than  is 
gas  lighting.  The  Americans,  we  say,  realise  the 
necessity  of  '*  more  light"  in  the  streets.  They  are 
a  go  ahead  people,  and  find  business  can  be  trans- 
acted more  quickly  and  better  with  a  good  light 
than  with  a  bad  one.  It  does  not  suit  them  that  a 
horse  shall  take  three  hours  to  go  from  place  to 
place,  or  men  take  three  hours  to  load  a  truck, 
when  with  more  light  the  work  could  comfortably 
be  done  in  half  the  time.  Apply  this  to  London — 
to  its  streets,  its  stores,  its  warehouses.  Double  the 
consumption  of  gas  in  order  to  give  more  light,  and 
men  would  prefer  Aden  or  Suakin  as  towns  in  which 
to  work. 

The  question  of  transfer  has  been  previously  dis- 
cussed   in    these   colunms,  and   we   venture  now 
merely  to  say  a  few  words  in  regard  to  the  com- 
pulsory purchase.    Of  course  this  is  the  nut,  and  a 
bard  one  it  is  to  crack.    The    electrical  industry 
naturally  desires  a  free  hand,  but  surely  it  must 
be  admitted  that  the  local  people  have  also  something 
to  say  in  the  matter.    For  many  reasons  they  may 
desire  to  have  the  lighting  in  their  own  hands,  and 
the  private  adventure  company  may  have  no  objec- 
tion to  that  course.    In  an  ordinary  business  if  such 
a  transfer  were  desired,  technical  valuers  would  be 
engaged  by  each  party  and  independent  valuations 
made.    The  valuers  would  probably  either  agree  or 
approximately  agree,  but  if  necessary  because  of  non- 
agreement  in  the  case  of  electric  light  installations, 
the  Board  of  Trade  might    have  been  appointed 
arbitrators.    Under  the  existing  law  confiscation  is 
possible,  and  to  guard  against  loss  by  such  confisca- 
tion; the  supply  company  during  the  42  years  or 
other  period  of  its  tenure  has  to  make  provision.    If 
at  the  end  of  the  period  a  fair  price  is  given  as  for  a 
{.'oing  concern,  then  possibly  the  provision  made  to 
guard  against  eventualities  is  an  unwarranted  and 
nnnecessary    imposition    upon   purchasers.      The 
Times  puts  all  this  very  fiairly,  but  much  more  might 


be  said,  for  if  the  company  does  throughout  its  period 
of  tenure  charge  a  higher  price  to  make  provision 
against  loss,  its  balance-sheet  viewed  as  a  going  con-* 
cern  is  too  good,  and  price  based  upon  this  balance- 
sheet  would  be  too  high — hence  the  ratepayers  would, 
if  they  bought  the  concern,  pay  very  much  more  than 
if  no  overcharge  had  been  made.  It  would  be  rather 
hard  to  pay  more  because  they  had  already  paid  too 
much.  This,  it  seems,  is  one  of  the  jumbles  bred  of 
confiscation. 

If,  as  seems  likely,  local  companies  are  formed  to 
supply  electricity,  it  is  more  than  probable  that  when 
the  local  authorities  determine  to  buy,  an  attempt 
will  be  made  for  equitable  purchase  on  a  business 
footing  as  a  going  concern,  and  how  then  wiU  the 
purchaser  treat  the  point  just  raised  ?  Valuers  may 
try,  but  it  will  be  no  easy  task  to  give  satisfaction. 
View  the  question  in  any  shape,  there  is  but  one  solu- 
tion. Abolish  the  confiscation  scheme,  and  let  the 
question  of  purchase  be  fought  upon  its  merits 
between  the  two  contracting  parties.  There  may  be 
a  time  stated  after  which  compulsory  purchase  may 
take  place,  but  the  price  to  be  paid  is  not  to  be  cut 
and  dried  beforehand. 


LEEDS. 

Those  who  have  had  negotiations  with  Leeds 
concerning  the  electric  light  have  not  always  been 
satisfied  with  the  result.  However,  there  seems  to 
be  a  tendency  to  go  forward,  not  only  with  lighting 
but  also  with  traction.  Last  week  at  the  meeting 
of  the  Leeds  County  Council  the  report  of  the 
committee,  recommending  the  Council  to  under- 
take the  supply  of  lighting  by  electricity  was  brought 
forward,  the  discussion  being  adjourned  to  Monday 
last,  when  an  amendment  was  moved  and  carried  to 
the  effect  that  it  was  not  desirable  for  the  Corpora- 
tion itself  to  supply  electricity  for  lighting  purposes, 
and  that  it  can  be  more  advantageously  sup- 
plied by  private  enterprise.  The  peculiarity  of  the 
discussion  arises  in  the  fact  that  the  mover 
and  seconder  of  the  motion  to  adopt  the 
report  of  the  committee  voted  for  the 
amendment.  This  too,  after  the  matter  had 
been  three  times  before  the  Council  and  three  times 
referred  back  to  the  committee,  while  the  report 
states  that  ''with  absolute  unanimity  and  strong 
conviction"  they  express  their  opinion  against 
further  delay,  and  recommend,  as  in  the  previous 
report,  the  Corporation  should  undertake  the  work. 
Another  portion  of  the  report  stated  that  for  a  large 
area  the  Corporation  could  supply  the  electric  light 
at  the  rate  of  ^d.  per  10-c.p.  lamp  per  hour, 
equivalent  to  a  charge  of  3s.  5d.  per  1,000ft.  of  gas, 
at  a  rate  about  one-half  the  price  now  charged  by  a 
private  company.  It  is  difficult  to  reconcile  the 
voting  with  these  statements. 
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CORRESPONDENCE. 


AN  ELECTRIC  HAMMER. 

To  THB  Editor  of  The  Elbctrical  Enoinbsr. 

Sir, — ^In  reference  to  your  note  on  Van  Depoele's 
electric  hammer,  p.  280  of  your  last  issue,  permit  me  to 
say  that  Marcel  Deprez,  in  1882,  constructed  a  hammer  on 
apparently  exactly  the  same  method.  Deproz's  hammer 
was  described  ana  illustrated  in  Lo,  Naiwre  (Paris^  about 
the  end  of  July,  1882.  It  consisted  of  a  solenoia  about 
one  jnetre  long,  composed  of  a  series  of  flat  coils,  super- 
imposed on  one  another  and  forming  a  hollow  cylinder, 
within  which  a  core  of  soft  iron,  weighing  about  25  kilo- 
grammes, was  free  to  move.  The  coils  to  the  number  of  80 
were  so  connected  that  the  last  turn  of  wire  of  the  first  was 
joined  to  the  first  turn  of  wire  of  the  second,  and  so  on. 
All  these  coil  connections  were  connected  to  a  circular 
commutator.  The  brushes  were  moved  by  a  double  handle. 
The  connections  before  the  brushes  and  the  source  of 
current  were  so  arranged  that  the  current  entered  by  one 
brush  and  left  by  the  other,  after  having  traversed  10  of 
the  coils,  which  were  in  connection  with  the  10  commuta- 
tor plates  included  between  the  brushes.  Thus  the  current 
could  be  admitted  into  the  higher  or  lower  coils  of  the 
solenoid  by  turning  the  commutator  handle,  and  the  core, 
or  hammer,  could  be  raise<l  and  lowered  accordingly.  It 
was  stated  that  the  blows  could  be  regulated  with  great 
nicety,  and  that  with  a  current  of  43  amperes  and  five  coils 
energised,  the  weight  of  the  blow  struck  was  70  kilogrammes. 
Don't  you  think  that  if  there  had  been  anything  in  Deprez's 
hammer  it  would  have  been  heard  of  practically  before 
now  ?  What's  the  use  of  wasting  energy  in  wires  when 
you  can  utilise  it  so  much  more  directly  by  means  of 
steam  ?  And  where's  the  future  for  the  electric  hammer  ? 
Yours,  etc.,  Wildmoor. 

Hampshire,  4th  Oct.,  1890. 


PRACTICAL  V,  PROFESSIONAL. 
To  THE  Editor  of  The  Electrical  Engineer. 

Sir, — Your  remarks  on  the  insufficiency  of  theory  are  at 
the  present  moment  very  interesting.  Prof.  FitzGerald  is 
perfectly  correct  in  saying  that  those  responsible  will  not 
pay  a  proper  price  for  data  or  other  theoretical  information; 
they  prefer  paying  a  thousand  times  as  much  in  tedious 
experiment.  One  of  my  first  customers  thought  five 
guineas  too  much  to  pay  for  information  about  certain 
worthless  patents,  and  he  refused  to  pay  it.  The  engineer's 
bill  and  the  law  proceedings  cost  him  £7,000,  including 
£2,000  paid  for  the  patents. 

Electricity,  especially  in  its  present  experimental  sta^e, 
calls  for  a  very  great  acquaintance  with  its  mathematics 
and  practice,  and  the  want  of  that  knowledge  has  occa- 
sioned the  waste  of  large  sums  of  money. 

Much  has  been  written  lately  about  the  uselessness  of 
mathematics,  but  one  view  of  the  question  has  not  been 
noticed.  Mathematical  knowledge  is  of  small  direct  use 
compared  with  its  indirect  advantage.  Probably  none  uf  us 
recollect  much  of  Euclid,  especially  the  eleventh  and  twelfth 
books  and  the  Data ;  but  they  have  had  their  effiect  on  our 
minds  in  giving  us  a  power  of  analysis,  although  they  are 
now  forgotten,  just  as  the  sun  and  water  bleach  linen  with- 
out leaving  any  trace  behind  them.  And  so  with  the 
highest  branches  of  the  Calculus,  the  direct  use  of  which 
is  far  greater.  It  is  most  essential  that  theoretical  and 
practicsd  knowledge  be  combined  in  the  same  man. 

We  want  better  books,  and  there  are  indications  that  we 
shall  have  them.  Maxwell  or  Watson  and  Burbury  are 
invaluable  for  the  high  mathematician  ;  but  there  were  few 
books  of  any  real  value  for  the  practical  student  who  had 
Utde  to  spend  imtil  Slingo  and  Brooker's  book  appeared. 
The  majority  of  the  cheap  books  were  paste  and  scissors, 
with  a  few  hastily-contrived  paragraphs  to  modernise  them, 
and  at  the  same  time  make  them  ridiculous.  I  wish 
someone  would  write  such  excellent  modern  treatises  as 
Dr.  Lardner  published  in  1856,  and  the  same  low  price  of 
five  shillings. — ^Yours,  etc.,  C.  Purcell  Taylor. 


JABMAN'S  ELECTRIC  TBAHCAB. 


On  Thursday  last  week  the  Jarman  Electric  Tramcar 
Syndicate  held  a  public  trial  of  their  accumulator  car.  We 
were  not  present  owing  to  this  being  our  press  day,  bat 
we  went  up  on  Tuesday,  when  we  inspected  the  car  and 
works,  but  did  not  see  the  car  run.  We  are  informed  by 
one  who  was  at  the  trial  that,  unfortunately,  an  accident, 
of  a  similar  nature  to  that  which  occurred  to  the  Elieson 
cars,  happened — namely,  that  the  car  would  not  take  the 
points,  and  was  run  at  them  several  times,  and  finally  a 
Lu*pe  piece  of  the  wheel  broke  off.  This  was  doubly 
unK)rtunate  at  a  trial,  and  we  believe  a  further  trial  is  to 
be  carried  out 

The  engine-house  in  use  by  the  Jarman  Syndicate  is 
situated  at  158,  Clapham  High-road,  near  the  Plough  Inn. 
The  premises  belong  to  the  London  Tramways  Company, 
who  have  also  lent  one  of  their  cars  to  be  fitted  electrically. 
A  portable  engine  of  16  h.p.  nominal  drives  a  Westminster 
dynamo  of  Clark,  Muirhead  and  Co.'s  manufacture,  capable 
at  1,000  revolutions  of  giving  160  am^ieres  and  120  volts. 
This  is  used  for  charging  the  accumulators  employed  on 
the  cars. 

The  Jarman  car  is  a  self-contained  storage  battery  car, 
fitted  with  a  strong  mechanical  gearing  of  wrought  iron 
against  vulcanised  fibre  teeth,  and  driven  with  an  arrange- 
ment (which  is  supposed  to  be  the  speciality  and  beauty  of 
the  Jarman  system)  of  two  motors  coupled  together  on  one 
shaft.  We  have  already  commented  upon  the  system, 
judged  principally  from  the  point  of  view  of  asking  the 
public  large  sums  of  money  for  it  as  an  invention,  aad  do 
not  see  any  need  to  change  our  opinion.  We  do  not  say 
that  it  will  not  or  cannot  work,  but  simply  that  wherein 
the  arrangement  of  two  motors  in  one  shaft  is  peculiar,  it  is 
no  improvement  The  svstem  will  work,  and  possibly  work 
both  well  and  cheaply  (a  question  of  cells  rather  than  of 
motors),  and  we  trust  the  Jarman  Syndicate  will  be  able  to 
obtain  and  successfully  exploit  contracts.  But  that  the  use 
of  the  weight  and  expense  of  two  motors  instead  of  one 
double  the  power  isany  improvement  mechanically  we  are  not 
at  all  prepared  to  admit 

We  will,  however,  describe  the  anangement  adopted,  and 
explain  what  Mr.  Jarman  (who  is  indefatigable  in  his 
exertions  for  its  success)  considers  the  benefits.  To  start  a 
car,  double  the  power  is  required  momentarily,  therefore 
Mr.  Jarman  employs  two  motors  which  can  be  worked 
together  at  starting  or  uphill,  while  on  the  level  one  motor 
only  is  worked.  Again,  to  start  a  motor,  resistance  must 
be  put  in  the  fields  to  prevent  the  rush  of  current  burning 
the  armature.  The  energy  of  the  current  sent  through  the 
resistance  is  lost  in  heat  in  the  coils.  Mr.  Jarman  winds 
extra  fine  coils  on  his  field  magnets,  using  this  resistance  to 
reduce  the  rush  ot  current,  and  utilising  the  extra  coils 
to  aid  the  field  magnets  in  initial  torque,  so  that  no 
exterior  resistance  whatever  is  employed.  The  switch 
consists  of  an  upright  stand,  having  connections  which 
successively  put  in  these  extra  coils,  put  the  two  motors  in 
series,  or  in  parallel,  or  cut  one  of  them  out  altogether, 
corresponding  with  full  speed,  normal,  half,  and  slow  speed, 
both  backward  and  forward.  A  strong  railway  block  brake 
controls  the  wheels,  and  the  car,  it  is  stated,  can  be  pulled 
up  within  4ft  at  ordinary  speed.  The  motors  are  compa- 
ratively slow-speed  motors — 650  revolutions — and  are  of 
7  h.p.  each,  making  14  h.p. 

The  arrangement  for  the  cells  is  adopted  for  the  least 
possible  alteration  to  existing  cars.  Openings  are  made  at 
each  end,  and  swing  doors  of  louvre-boards  are  made  to 
open  into  the  space  under  the  carriages.  A  corresponding 
hinged  door  is  made  in  the  exterior  iron  protector  of  the 
car.  The  whole  trayf ul  of  cells  is  then  pushed  in  lenp;th- 
wise.  This  will  be  done  by  mechanical  or  hydraulic  action. 
The  louvre-board  doors  allow  of  free  ventilation  of  the  cells 
as  the  car  moves  along.  The  car  contains  52  double  storage 
cells  (f.e.,  104  small  cells),  ErP.S.  make,  of  19  plates  each, 
weighing  1  ton  18cwt  The  car  and  motor  w^igbs 
5^  tons,  and  the  total  weight  loaded  is  8  tons.  The 
current  drawn  out  averages  about  25  or  30  amperes, 
varying  from  6  amperes  on  lighted  load  up  to  50  amperes 
on  the  heaviest  grade  of  1  in  18  up  Balham-hilL     On 
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gtsrting,  tha  current  shows  60  ampereB  momentarily  for  a 
secand  or  bo.  The  set  of  cells  in  use  have  been  working 
three  yam  with  at  present  only  one  cell  gone  bad,  Expen- 
ments made  by  weighing  fuel  have  shown  Mr.  Jarman  that 
the  cost  of  fuel  only  is  IJd.  per  car  mile.  To 
this  will  be  added  depreciation,  superintendence  and  fixed 
chillies,  and  Mr,  Jarman  is  confident  of  being  able  to  make  a 
[irofit  at  the  price  of  4^,  per  cor  mile,  which  has  been  so  often 
mentioned  tor  storage  cars.  A  second  car  has  been  built 
and  is  practically  ready,  and  12  cars  are  eventually  to 
be  built.  It  is  expected  that  arrangementA  will  be  made 
shortly  for  running  the  electric  cars  amongst  the  horse 
cars  00  schedule  time.  Mr.  Jarman  statra  that  a  complete 
plant  for  and  including  six  cars  with  cells,  motor,  engine, 
dynamo,  and  including  all  fittings,  can  be  supplied  on  his 
system  for  .£5,000. 


THE  ELECTROMAGNET.* 


,    THOKPaON,   D.BC.,    B.A,,  H.I.B.B. 


(Gontinutd  from  page  S89.) 

QBNEBALITIKS  COHCB&NHTG   ELBOTKOMAaNEVS. 

I       MatenaU.—in  aaj  complete  treatise  on   the  electromagnat  it 

I    voald  be  needful  to  euumsrate  and  lo  discuBH  in  detMl  the  Beveral 

constnicUve  features  of  the  apparatus.     Three  cIqbbm  of  material 

.    enter  into  iu  coostruction  ;  first,  the  itoa  which  coDStitntee  the 

'    msterUl  of  the  ma^etic  circuit,  including  the  annatiire  as  well  as 

1    tfie  cores  on  which  the  coils  ore  woaod,  and  the  yolce  Uiat  connects 

\  them ;  secondly,  the  copper  which  is  employed  as  the  material 

which  cooducta  the  electric  currenta,  and  which  is  usually  in  the 

form  of  wire;  thirdly,  theiDenlatingmaterial  employed  to  prevent  the 

'  copper  coils  fromcominj;  into  contact  with  one  another,  or  with  the 

iitiD  core.     There  is  a  fiuther  Bnbjact  for  disonssioD  in  the  bobbing, 

fonners,  or  {ratnes  upon  which  the  coils  are  in  so  many  caeea 

.Kaund,  and  which  may  iu  some  cases  be  made  in  metal,  bnt  often 

ire  not.     The  engineering  of  the  electromagnet  might  well  famish 

mstter  for  a  spooial  chapter. 

TrriOAi.  FouMS. 
h  is  difficult  to  devise  a  satisfactory  or  exhaustive  classification 
of  the  varied  forme  which  the  electroma^et  has  assumed,  but  it 
i>  it  least  possible  to  enumerate  some  of  the  typical  forms, 

J,  Bar  Eleetrmaagatt.—Thjx  coueisU  of  a  single  straight  core 
(vhether  solid,  tubular,  or  laminated],  surrounded  bya  coil.  Fig. 
it  {p.  244)  depicted  Sturgeon's  earliest  example. 

'1  ffortuhoe  Electrvrnagnet. — There  are  two  sub-types  Included 
is  this  name.  The  original  eleotromagnat  of  Sturgeon  (Fig.  1, 
p.  344}  r«al!y  reeembleda  horseshoe  in  form,  being  construct«d  of 
( liagle  piece  of  round  wrought  iron,  about  jin.  In  diameter,  and 
nearly  a  toot  long,  bent  into  an  arch.     In  i-ecenb  years  the  other 


pin.  la— Iron-clad 
Electromagnet, 


s  of  wrought  iron,  the  yoke.  Occasionally,  this  form  is 
modified  by  the  use  of  one  coil  only,  the  second  core  beinr  left 
uncovered.  This  form  has  received  in  France  the  name  of  uinttuU 
fvittax.  Ite  merits  will  be  considered  later.  Sometimes  a  single 
Mil  is  Tonnd  upou  the  yoke,  the  two  limbs  being  uncovered. 

3.  Iron-dad  Eltetromagntl.—ThU  form,  which  has  many  timas 
pecD  reinvented,  differs  from  the  simple  bar  mafcnet  in  having  an 
Iron  abell  or  oamne  external  to  the  ooils,  and  attached  to  the  core 
St  one  end.  Snch  a  magnet  presents,  as  depicted  in  Fig.  12.  a 
central  pole  at  one  end  surrounded  by  an  outer  annular  pole  of  the 
opposite  polarity.  Ibe  appropriate  armature  for  electromagnets 
ol  thit  type  Is  a  turcular  disc  or  lid  of  iron. 

4.  CoU  and  Plttngtr. — A  detached  iron  core  is  attracted  into  a 
hollow  coil,  or  solenoid,  of  copper  wire,  when  a  current  of  electri- 
city HowB  round  the  latter.  This  is  a  special  form,  and  will 
receive  extended  consideration. 


deseed  for  particular  parpoeee.     Tbwe  is  also  a  group  of  forma 
*  Caator  leotnree,  deliverad  beforv  the  Society  of  Arte, 


intermediate  between  the  ordinary  eleotromagnet  and  the  coil  and 
plunger  form. 

POLABITV. 

It  is  a  familiar  fact  that  the  polarity  of  an  electromagnet  depends 
upon  the  sense  in  which  the  current  is  Sowing  around  it.  Various 
rules  for  remembering  the  relation  of  the  electric  flow  and  tJie 
magnetic  force  have  been  given.  One  of  them  that  is  useful  is 
that  when  one  is  looking  at  the  north  pole  of  an  electromagnet, 
the  current  will  be  flowing  around  that  pole  in  the  sense  opposite 
to  that  in  which  the  haniu  of  a  dock  are  seen  to  revolve.  Another 
useful  rule,  suggested  by  Maxwell,  is  illustrated  by  Fig,  13 — 
namely,  that  the  sense  of  the  circulation  of  the  ourrent  {whether 


right  or  left-handed),  and  the  poutlve  direction  of  the  resulting 
masnetic  force  are  related  together  in  the  same  way  as  the  rotation 
ana  the  travel  of  a  right-handed  screw  are  asRociated  together. 
Right-handed  rotation  of  the  screw  Is  associated  with  forward 
travel.     Right-handed  circulation  of  a  current  is  associated  with  a 


>f  the  core. 


USXS    IS    GSHKBAI. 


Regarded  as  a  piece  of  mechanism,  an  eleotromagnet  may  be 
regarded  as  an  apparatus  for  producing  a  mechanical  action  at  a 
place  distant  from  the  operator  who  controls  it ;  the  means  of  com- 
munication from  the  operator  to  the  distant  point  where  the  elec- 
tromagnet is  being  the  electric  wire.     The  uses  of  electromagnets 
may,  however,  be  divided   into  two  main  divisions.     For  certain 
purposes  an  electromagnet  is  required  merely  for  obtaining  tem- 
porary adhesion  or  lif  tmg  power.   It  attaches  itaelf  to  an  armature, 
and  cannot  be  detached  so  long  as  the  exciting  current  is  main- 
tained, except  by  the  application  of  a  superior  oppoeiDg  pull.  The 
force  which  an  electronugnet  thus  exerts  upon  an  armature  of  iron, 
with  which  it  is  in  direct  contact,  is  always  considerably  greater 
than  the  force  with  which  it  can  act  on  an  armature  at  some  dis- 
tance away,  and  the  two  cases  must  be  carefully  distbKuisbed. 
Traction  ot  an  armature  in  contact,  and  attraction  of  an  annature 
at  a  distance,  are  two  difierent  functions.     So  dlfierent.  Indeed, 
that  it  is  no  exaggeration  to  say  that  an  electromagnet  designed  for 
the  one  purpoee  is  unfitted  for  tbeotber.  The  question  of  designing 
electromagnets  for  either  of  theee  purposes  will  occupy  a  large  part 
of  these  lectures.     The  action  which  an  electromagnet  exercises  on    . 
an  armature  in  its  neighbourhood  may  he  of  several  kinds.     If  the    . 
armature  is  of  soft  iron,  placed  nearly  parallel  to  the  polar  sur-    . 
(aces,  the  action  is  one  simply  of  attraction,  producing  a  motion  of 
pure  translation,  irrespective  of  the  polarity  of  the  magnet.    If  the    ' 
annature  lies  oblique  to  the  line  of  the  poles  there  will  be  a  tendency    ', 
to  turn  it  round,  se  well  as  to  attract  it ;  bub,  again,  If  the  arma-    i 
ture  is  of  soft  iron  the  action  will  be  indepeudent  of  the  polarity 
of  the  magnet,  that  is  to  say,  independent  of  the  direction  of  the 
exciting  current.     If,  however,  the  armature  be  itself  a  magnet  of 
steel  permanently  magnetised,  then  the  direction  in  which  it  tends 
to  turn,  and  the  amount,  or  even  the  sign  of  the  force  with  which 
it  Is  attracted,  will  depend  on  the  polarity  of  the  electromagnet,   ' 
that  is  to  say,  will  depend  on  the  direction  in  which  the  exciting  i 
current  circulates.     Hence  there  arises  a  difference  between  the 
operation  of  a  non-polarised  and  that  of  a  polarised  apparatus,  the    i 
latter  term  being  applied  to  those  forms  in  which  there  is  emploved 
a  portion,sayauannature,toyhioh  an  Initial  fixed  magnetisation  has 
been  imparted.  Non-polarised  apparatus  is  in  all  cases  Independent 
of  the  direction  of  the  current.     Another  class  of  uses  served  by 
electromagneta  is  the  [voduotion  of  rapid  vibrations.     These  are 
employed  in  the  mecbanism  of   electric  trembling  belle,  in  the 
automatic  breaks  of  induction  coils,  in  electrically  driven  tuning- 
forks  such  as  are  employed  for  chronographio  purposes,  and  in  the 
used  in  harmonic  tel^rapby.     Special  constructions 


notably  in  the  construction  of  some  forms  of  arc  lamp,  for  which 
it  is  speoially  sought  to  obtain  an  equal,  or  approximately  equal, 

Sull  over  a  definite  range  of  motion.      This  use  necessitates  special 
eslgns. 

The  Pboperties  of  Ikos. 


I  excuse  is  therefore  necessary  for  treating  this 
matter  with  some  fulness.  In  all  modem  treatises  of  magnetism 
the  usual  terms  are  defined  and  explained.  Magnetiam  which  was 
formerly  treated  of  as  though  it  were  something  distributed  over 
the  end  surfaces  of  magnets,  is  now  known  h>  be  a  [^enomanon 
of  internal  structure ;  and  the  appropriate  mode  ol  centering  it 
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18  to  treat  the  ma^etio  materials,  iron  and  the  like,  as  being 
capable  of  acting  as  good  conductors  of  the  inagnetio  lines ;  in 
other  words,  as  possessing  magnetic  permeability.  The  precise 
notion  now  attached  to  this  wora  Is  that  of  a  nnmerical  coemcient. 
Bappose  a  magnetic  foroe^-dne,  let  us  say,  to  the  ciroalation  of  an 
electric  current  in  a  surrounding  coil — were  to  act  on  a  space 
occupied  by  air,  there  would  result  a  certain  number  of  magnetic 
lines  in  that  space.  In  fact,  the  intensity  of  the  magnetic  force, 
sjrmbolised  by  the  letter  H,  is  often  expressed  by  saying  that  it 
would  produce  H  magnetic  lines  per  square  centimetre  in  air. 
Now,  owing  to  the  superior  magnetic  power  of  iron,  if  the  space 
subjected  to  this  magnetic  force  were  filled  with  iron  instead  of 
air,  there  would  be  produced  a  larger  number  of  magnetic  lines 
per  square  centimetre.  This  larger  number  in  the  iron  expresses 
the  degree  of  magnetisation  in  the  iron ;  it  is  symbolised*  oy  the 
letter  B.  The  ratio  of  B  to  H  expresses  the  permeability  of  the 
material.  The  usual  symbol  for  permeability  is  the  Greek  letter  it. 
So  we  may  say  that  B  is  eaual  to  m  times  H.  For  example,  a 
certain  specimen  of  iron,  wnen  subjected  to  a  magnetic  force 
capable  of  creating,  in  air,  50  magnetic  lines  to  the  Bouare  centi- 
metre, was  found  to  be  permeatedl>y  no  fewer  than  16,062  magnetic 
lines  per  squaro  centimetro.  Dividing  the  latter  figuro  by  the 
former,  gives  as  the  value  of  the  permeability  at  this  staee  of  the 
magnetisation  321^  or  the  permeability  of  the  iron  is  321  .times 
that  of  air.  The  permeability  of  such  non-magnetic  materials  as 
silk,  cotton,  and  other  insulators,  also  of  brass,  copper,  and  all  the 
non -magnetic  metals  is  taken  as  1,  being  practically  the  same  as 
that  of  the  air. 

'  This  mode  of  expressing  the  facts  is,  however,  complicated  by 
the  fact  of  the  tendency  in  all  kinds  of  iron  to  magnetic  satura- 
tion. In  eX\  kinds  of  iron  the  magnetisability  of  the  material 
becomes  diminished  as  the  actual  magnetisation  ii  pushed  further. 
In  other  words,  when  a  pieee  of  iron  has  been  magnetised  up  to  a 
certain  degree  it  becomes,  from  that  degree  onward,  less  perme- 
able to  further  magnetisation,  and  though  actual  saturation  is 
never  reached,  there  ia  a  practical  limit  beyond  which  the 
magnetisation  cannot  well  be  pushed.    Joule  was  one  of  the  first 
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to  establish  this  tendency  toward  miignetic  saturation.  Modern 
researehes  have  shown  numerically  hoW  the  permeability  diminishes 
as  the  magnetisation  is  pushed  to.^gher  stages.  The  practical 
limit  of  the  magnetisation,  B,  in  ,good  wrought  iron  is  aboat 
20,000  magnetic  lines  to  the  square  centimetre,  or  about  125,000 
lines  to  the  square  inch  ;  and  in  cast. iron  the  practical  saturation 
limit  is  n^Sf  1)^12,000  lines  per  square  centimetre,  or  about  70,000 
lines  per  square  inch.  In  designing  electromagnets,  before  calcu- 
lations can  oe  made  as  to  the  size  ox  •apiece of  iron  required  for  the 
core  of  a  magnet  for  any  particular  purpose,  it  is  necessary  to  know 
the  magnetic  properties  of  that  piece  of  iron  ;  for  it  is  obvious  that 

the  iron  be  of  inferior  magnetic  permeability,  a  larger  piece  of  it 
will  be  required  in  order  to  produce  the  same  magnetic  effect  as 
might  be  produced  with  a  smaller  piece  of  higher  permeability. 
Or,  again,  the  piece  having  inferior  permeability  will  require  to  have 
more  copper  wire  wound  on  it ;  for  in  order  to  bring  up  its  mag- 
netisation to  the  required  point,  it  must  be  subjected  to  higher 
magnetising  forces  than  would  be  necessary  if  a  piece  of  higher 
permeability  had  been  selected. 

A  convenient  mode  of  studying  the  magnetic  facts  respecting 
any  particular  brand  of  iron  \b  to  plot  on  a  diagram  the  curve  of 
magnetisation— f.e.,  the  curve  in  which  the  values,  plotted  hori- 
zontally, represent  the  magnetic  force,  H,  and  the  values  plotted 
vertically  those  that  correspond  to  the  respective  magnetisation,  B. 
In  Fi^.  14,  which  is  modified  from  the  researehes  ei  Prof.  Ewing, 
are  given  five  curves  relating  to  soft  iron,  hardened  iron,  annealM 
steel,  hard-drawn  steel,  and  glass-hard  steeL  It  will  be  noticed 
that  all  these  curves  have  the  same  general  form.  For  small  values 
of  H  the  values  of  B  are  small,  and  as  H  is  increased  B  increases 

*  The  following  are  the  various  ways  of  expressing  the  three 
quantities  under  consideration : 

B. — The  internal  magnetisation.  The  magnetic  induction. 
The  induction.  The  intensity  of  the  induction.  The  permeation. 
The  number  of  linos  per  square  centimetre  in  the  material. 

H. — ^The  magnetising  force  at  a  point.  The  magnetic  force  at  a 
point.  The  intensity  of  the  magnetic  force.  The  number  of  lines 
per  square  centimetre  that  there  would  be  in  air. 

/i. — The  magnetic  permeability.  The  permeability.  The 
specific  oonductivity  for  magnetic  Unes.  The  magnetic  multiply- 
ing power  of  tho  material, 


also.  Further,  the  curve  rises  very  suddenly,  at  least  with  all  the 
softer  sorts  of  iron,  and  then  bends  over  and  becomes  nearly 
horizontal.  When  the  magnetisation  is  in  the  stage  below  the 
bend  of  the  curve,  the  iron  is  said  to  be  &r  from  tiie  state  of 
saturation.  But  when  the  magnetisation  has  been  pushed  beyond 
the  bend  of  the  curve,  the  iron  is  said  to  be  in  the  stage  approach- 
ing  saturation  ;  because  at  this  stage  of  magnetisation  it  requires 
a  large  increase  in  the  magnetising  foree  to  produce  even  a  Tery 
small  increase  in  the  (pagnetisation.  It  will  be  noted  that  for 
soft  wrought  iron  the  stage  of  approaching  saturation  sets  in  vhen 
B  has  attained  the  value  of  about  16,000  lines  per  square  oenti 
metre,  or  when  H  has  been  raised  to  the  value  of  about  50.  As  we 
shall  see,  it  is  not  economical  to  push  B  beyond  this  limit ;  or,  in 
other  words,  it  does  not  pay  to  use  stronger  magnetic  forces  than 
those  of  about  H  =  60. 

Mbthods  or  Mbasubino  Pehmeabiltty. 

There  are  four,  sorts  of  experimental  methods  of  measorifig 
permeability. 

1.  McLgnttometric  Methods.  — ^Theee  are  due  to  Mfiller,  and  consist 
in  surrounding  a  bar  of  the  iron  in  question 'by  a  ma^etising  ooil, 
and  observing  the  deflection  ite  magnetisation  produces  in  a 
magnetometer. 

2.  Balanu  Met?iods.^TheBe  methods  are  a  variety  of  the  yn- 
ceding,  a  compensating  magnet  bein^  employed  to  balance  th« 
effect  produced  by  the  maffneUsed  iron  on  the  ma^netometric 
needle.  Von  Feilitzsch  used  this  method,  and  it  has  receiTeda 
more  definite  application  in  the  magnetic  balance  of  Prof.  Hughes. 
The  actual  balance  1^  exhibited  to-night  upon  the  table,  iwd  I 
have  beside  me  a  large  number  of  observations  made  by  studenu 
of  the  Technical  College  by  its  means,  upon  sundry  samples  of 
iron  and  steel.  None  of  these  methoda  are,  however,  to  be 
compared  with  those  that  follow. 

3.  Inductive  Method8.-^TheTe  are  several  varieties  of  these,  but 
all  depend  on  the  generation  of  a  transient  induction-current  is  an 
exploring  coil  whieh  surrounds  the  specimen  of  iron,  the  integral 
current  being  proportional  to  the  number  of  maffnetio  lines  intro- 
duced into,  or  witndrawn  from,  the  cireuit  of  &e  deploring  coil. 
Three  varieties  may  be  mentioned. 


Fia.  15. —Ring  Method  of  Measuring  Permeability   (Rowland' 

Arrangement). 

{A)  Ring  Method, — ^In  this  method,  due  to  Kirebhoff,  the  iron 
under  examination  is  made  up  into  a  ring,  which  is  wound  with  a 

Brimary,  or  excitine  coil,  and  with  a  secondary,  or  exploring  coil 
>eterminations  on  tnis  plan  have  been  made  oy  Stowletow,  Row- 
land, Bosanquet,  and  Kwing  ;  ^so  by  Hopkinson.  Rowland'; 
arrangement  of  the  experiment  is  nM>wn  in  Fig.  15,  in  which  B  i^ 
the  exciting  battery,  S  the  switch  for  turning  on  or  reversiDg  the 
current,  R  an  adjustable  resistance,  A  an  ampere-meter,  and  B6 
the  ballistic  galvanometer,  the  first  swing  of  which  measures  the 
integral  induced  current*  R  G  is  an  earth  inductor  or  reverBiQcr 
coil  wherewith  to  calibrate  the  readings  of  the  galvanometer,  and 
above  is  an  arrangement  of  a  coU  and  a  magnet  to  assist  in  bring- 
ing the  swinging  needle  to  rest  between  the  observations.  The 
exciting  coil  and  the  exploring  coil  are  both  wound  upon  the  ring ; 
the  former  is  distinguished  by  being  drawn  with  a  thicker  line. 
The  usual  mode  of  procedure  is  to  begin  with  a  feeble  exciting 
current,  which  is  suddenly  reversed,  and  then  reversed  back.  The 
current  is  then  increasea,  reversed,  and  re-reversed,  and  so  on, 
until  the  strongest  available  points  are  reach.  The  values  of  the 
magnetising  force,  H,  are  calculated  from  the  observed  value  of 
the  current  by  the  following  rule.  If  the  strength  of  the  current, 
as  measured  b^  the  ampere-meter,  be  t,  the  number  of  s{)Lre8  of 
the  exciting  coil  S,  and  the  length  in  centimetres  of  the  coil— »-^i 
the  mean  (mcumference  of  the  ring — ^be  I,  then  H  is  given  by  the 
formula 


10 


^=  1-2566  x^ 


Bosanquet,  applying  this  method  to  a  number  of  iron  rings, 
obtained  some  important  results.  In  Fig.  16  are  plotted  oat 
the  values  of  H  and  B  for  seven  rings.  One  of  these,  marked 
J,  was  of  cast  steel,  and  was  examined  ooth  when  soft  and  after- 
wards when  hardened.  Another,  marked  I,  was  of  the  best  Low- 
moor  iron.  Five  were  of  Crown  iron  of  different  sizes.  They  were 
marked  for  distinction  with  the  letters  G,  E,  F,  H,  K.  In  the 
accompanying  Table  A  are  set  down  the  values  of  B  at  different 
stages  of  the  magnetisation. 

1  have  the  means  here  of  illustrating  the  induction  method  of 
measuring  permeability.  Here  is  an  iron  ring,  having  a  crot^- 
section  ofalmost  exactly  one  square  centimetre.  It  is  wound  with 
pxi  exciting  coil  supplied  with  current  by  two  accumulator  oell^ ; 
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Ta»ij{  a.— VALima  of  B  n. 

Five  Crowm  Ikoh  Rinos. 

Name. 

G. 

E. 

F. 

K 

K. 

Meandiam 

21  5  cm. 

10-035COI. 

22-1  cm. 

10735  om. 

22,725  cm. 

Barthldm'B 

2'53S 

1-208 

1-2U2 

0'7137 

07544 

Mag.  force 

73 

82 

85 

0-3 

377 

270 

224 

208 

214 

1 

1,449 

],293 

840 

675 

885 

2 

3,952 

3.533 

2,777 

2,417 

5 

9:990 

9,147 

8,293 

8.479 

8,884 

10 

13,357 

12,640 

11.388 

20 

14,911 

14,653 

14,710 

14.086 

00 

16,217 

15,704 

16,062 

15,174 

13,890 

100 

17,148 

1«,677 

17,900 

16,134 

14,837 

over  it  U  tlto  wound  an  exploring  coil  of  100  turns  coooecled  in 
ciicuit  (as  in  Rowland's  arrangement)  with  a  ballistic  galvano' 
meter  which  reBects  a  spot  of  light  apon  yonder  soreen,  In  the 
circuit  of  the  galvanometer  is  also  iDoluded  a  reversial^  earth- 
coil.  Ab  a  matter  of  fact,  this  earth-coil  is  of  such  a  size,  and 
wound  with  ao  many  convolutiona  of  wira,  that  when  it  in  turned 
over,  the  amount  of  cotting  of  magnetia  lines  is  equal  to  840,000, 
or  ie  the  same  as  if  S4OXI0O  magnetic  lines  had  bean  cut  once.  By 
adjiuting  the  resistant^  of  the  galvanometer  circuit,  it  is  arranged 
ttiat  the  first  swing  <xie  to  the  indnoed  cnrreat  when  I  suddenly 
turn  over  the  eorth-col  is  8'4  scale  divisions.     Then,  seeing  that 


The  ap[)Bratus  consists  ef  a  block  of  annealed  wrought  iron 
about  ISin.  long,  e^in.  wide.  Kn.  deep,  out  of  the  middle  of  which 
is  cat  out  a  rect«Dgnlar  space  to  receive  the  magnetising  coils. 


■KD^ 


The  test  aamples  of  iron  ooniiet  of  two  rods,  eaeh  12-66  milli- 
metres in  diameter,  tamed  oarefuUy  true,  u>d  slide  in  throngh 
holes  bored  in  the  ends,  of  the  iron  oiocks.  These  two  rods  maet 
in  the  middle,  thrir  ends  being  faced  true  so  as  to  make  a  good 
contact.      One  of  them  is  secured  firmly,  sod  the  other  luis  a 


Fia.  16.— Boeanquet's  Data  of  MagneCia  Properties  of  Iron  and  Steel  Rings. 


our  eiploHng  d^  1 


I  100.  turns,  it  follo'ws  that  when  in  our 
HQbBcquent  McpermiMit  with  the  ring  we  get  an  induced  current 
from  iCreaoh  divition  of  the  Male  over  which  the  spot  swings  will 
mean  l.OOO  lines  in  the  iron.  I  turn  on  my  exciting  current, 
See :  it  swings  about  11  divisions.  On  brewing  the  circuit  it 
twingi  nearly  11  divisiond  th^  other  Way.  That  means  that  the 
maLgnetiBing  foree  carries  the  magnetisation  of  the  iron  up  to 
H.OOO  liu^;  or,  as  the  cross-section  is  about  one  square  centi- 
metre, B  -  11, MO.  Now,  how  much  is  H  !  The  eiciting  coil 
bis  ISO  windingB,  and  the  exciting  current  through  the  ampere- 
ineler  is  just  one  ampere.  The  total  eiCitation  is  just  180 
"ampare-tumB."  We  must,  according  to  our  rule  given  above, 
multmly  this  by  1-2506  and  diride  by  the  mean  circumferential 
leneth  of  the  coil,  which  is  afaont  32  centimetres.  This  makes 
H  =  7.  So  if  B  =  11,000  and  H  -  7,  the  permeability  (which  is 
the  ratiooltbam)  is  about  1,570.  It  is  a  rough  and  hasty  esperi- 
meat,  bnc  it  illustTatea  the  metbod. 

Bosanquet's  experimenta  settle  the  debated  question  whether 
the  outer  Uyers  of  an  iron  core  shield  the  inner  layers  from  the 
inBuenoe  of  magnetising  foroes.  Were  this  the  case,  the  rinzs 
made  from  thin  Ear  iron  should  exhibit  higher  values  of  B  than  do 
the  thicker  rings.  This  is  not  so  ;  for  the  thickeet  ring,  G,  shows 
throughont  the  faigheet  ms.gnetisations. 

(fi)  £ar  jr«(Ao<i.— This  method  congiate  in  employing  a  long 
bur  d!  iron  instead  of  a  ring.  It  is  covered  from  end  to  end  with 
l)ie  exciting  coil,  but  the  exploring  coil  consixts  of  but  a  few  turns 
of  wire  sitaated  just  over  the  mudle  part  of  the  bar.  Rowland, 
Boeanquet,  and  Ewing  have  all  employed  this  variety  of  method  ; 
and  Swing  specially  lued  bars  the  length  of  which  was  more  than 
100  timee  their  diameter,  in  order  to  get  rid  of  errors  arising  from 

[C]  Dicidtd  Bar  JWefAod.— Ibis  method,  due  to  Dr.  Uopkinson, 
isiUustiated  by  Fig.  17. 


handle  fixed  to  it,  by  means  of  which.  iLoon  be  withdrawn. .  The 
two  large  magnetising  boils  do  not  meet,  a  space  being  left 
between  them.  Into  this  space  is  introduced  the  little  explorinK 
coil,  wound  upon  an  ivory  bobbin,  through  the  eye  of  which 
passes  the  end  of  the  movable  rod.  The  exploring  coil  Is  con. 
neoted  to  the  ballistic  galvanometer,  B'G,  and  ia  attached  to'nn 


V 


FiQ.  18. — Curves  of  Mt^netisation  of  Iron. 

indiarubber  spring  (not  shown  in  the  figure),  which,  when  the  rod 
is  suddenly  pulled  back,  causes  it  to  le<^  entirely  out  of  the 
magnetic  oeld.  The  exploring  coil  bad  3^  turns  of  fine  wire ; 
the  two  magnetising  ooils  haa  2,008  effective  tuna.  The  mag- 
netising current,  generat«d  by  a  battery,  B,  of  eight  Grove 
colls,  was  regulated  by  a  variable  liauid  resistance,  R,  and  by  a 
shunt  resistance.  A  reversing  switch  and  an  ampere-meter.  A, 
were  included  in  the  magnetising  circuit.     By  means  of  this  appa- 
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ratus  the  sample  rods  to  be  experimented  upon  oould  be  submitted 
to  any  magnetising  forces,  small  or  large,  and  the  actual  magnetic 
condition  could  be  examined  at  any  time  by  breaking  ^e  circuit 
and  simultaneously  withdrawing  the  movable  rod.  This  apparatus, 
therefore,  permitted  the  observation  separately  of  a  series  of 
increasing  (or  decreasing)  magnetisations  without  any  intermediate 
reversals  of  the  the  entire  current.  Thirty-five  samples  (|f  various 
irons  of  known  chemical  composition  were  examined  by  Hopklnson, 
the  two  most  important  for  present  purposes  being  an  annealed 
wrought  iron  ana  a  grey  cast  iron,  such  as  are  used  by  Messrs. 
Mather  and  Piatt  in  the  construction  of  dynamo  machines.  Hop- 
klnson embodied  his  resitlts  in  curves,  from  which  it  is  possible  to 
construct,  for  purposes  of  reference,  numerical  tables  oi  safficient 
accuracy  to  serve  for  future  calculations.  The  curves  of  these 
two  samples  of  iron  are  reproduced  in  Fig.  18,  but  with  one  simple 
modification.  British  engmeers  who  unfortunately  are  condenmed 
by  local  circumstances  to  use  inch  measures  instead  of  the  inter- 
national metric  system,  prefer  to  have  the  magnetic  facts  also 
stated  in  terms  of  square  inch  unite  instead  of  square  centimetre 
units.  This  change  has  been  made* in  Fig.  18,  and  the  symbols 
B,^  and  H,^  are  chosen  to  indicate  the  numbers  of  magnetic  lines 
to  the  square  inch  in  iron  and  in  air  respectively.  The  per- 
meability or  multiplying  power  of  the  iron  is  the  same,  of  course, 
in  either  measure.  In  Table  IL  are  given  the  corresponding  data 
in  square  inch  measure;  and  in  Table  IIL  the  data  in  square 
centimetre  measure  for  the  specimens  of  iron. 

Table  II. — Square  Inch  Units. 


CABLE  v.  ELBCTBICITT. 


Annealed  Wroughl 

ilron. 

Grey  Cast  Iron. 

B. 

/* 

H. 

B 

M 

H. 

30,000 

4,650 

6-5 

25,000 

763 

327 

40,000 

3,877 

10-3 

30,000 

756 

39-7 

50,000 

3,031 

16-5 

40,000 

258 

155 

60,000 

2,159 

27-8 

50,000 

114 

439 

70,000 

1,921 

36-4 

60,000 

74 

807 

80,000 

1,409 

66*8 

70,000 

40 

1480 

90,000 

907 

99-2 

— 

—> 

100,000 

408 

245 

— 

-^ 

110,000 

166 

664    . 

— 

— . 

— . 

120,000 

76 

1581 

— 

.. 

— 

130,000 

35 

3714 

— 

— . 

— 

140,000 

27 

5185 

■^■^ 

^^^ 

mm^^ 

Table  m.— Square  Centimetre  Units. 


Annealed  Wrought  Iron. 

Grey  Cast . 

[ron. 

B 

/* 

H 

B 

A* 

H 

5,000 

3,000 

1-66 

4,000 

800 

5 

9,000 

2,250 

4 

5,000 

500 

10 

10,000 

2,000 

5 

6,000 

279 

21*5 

11,000 

1,692 

6*5 

7,000 

133 

42 

12,000 

1,412 

8*5 

8,000 

100 

80 

13,000 

1,063 

12 

9,000 

71 

127 

14,000 

823 

17 

10,000 

63 

188 

15,000 

526 

28-5 

11,000 

37 

.292 

16,000 

320 

50 

— 

— 

— 

17,000 

161 

105 

— 

— 

— 

18,000 

90 

200 

— > 

— 

^ 

19.000 

54 

350 

i— 

— 

■~~- 

20,000 

30 

666 

"^ 

^^ 

-■"* 

It  will  be  noted  that  Hopkinson's  curves  are  double,  there  being 
one  curve  for  the  ascending  magnetisations,  and  a  separate  one,  a 
little  above  the  former,  for  descending  magnetisations.  This  is  a 
point*  of  liltle  importance  in  designing  electromagnets.  Iron,  and 
particularly  hard  sorts  of  iron,  anoTsteel,  after  having  been  subjected 
to  a  high  degree  of  magnetising  force,  are  subsequently  to  a  lesser 
magnetising  force  found  to  retain  a  higher  degree  of  magnetisa- 
tion than  if  the  lower  magnetising  force  bad  been  simply  applied. 
For  example,  reference  to  Fi^.  18  shows  that  the  wrought  iron, 
where  subjected  to  a  niagnetising  force  gradually  rising  from 
zero  to  H^  =  200,  exhibits  a  magnetisation  of  B^  =  95,0S) ;  but 
after  H^  has  been  carried  up  to  over  1,000,  and  then  reduced  again 
to  200,  B^  does  not  come  down  a^ain  to  95,000,  but  only  to 
98,000.  Any  sample  of  iron  which  showed  great  retentive 
qualities,  or  in  whicn  the  descending  curve  dififers  widely  from  the 
ascending  curve,  would  be  unsuitable  for  constructing  electro- 
magnets, for  it  is  important  that  there  should  be  as  little  residual 
magnetism  as  possiole  in  the  cores.  It  will  be  noted  that  the 
curves  for  cast-iron  show  more  of  this  residual  effect  than  do  those 
for  wrought  iron.  The  numerical  data  in  Tables  11.  and  IIL  are 
means  between  the  ascending  and  descending  values. 

As  an  example  of  the  use  of  the  tables  we  may  take  the  follow- 
ing :  How  strong  must  the  magnetising  force  be  in  order  to 
produce  in  wrought  iron  a  magnetisation  of  110,000  lines  to  the 
square  inch  T  Reference  to  Table  II.  or  to  Fig.  18  shows  that  a 
magnetising  field  of  664  will  be  required,  and  that  at  this  stage  of 
the  magnetisation  the  permeability  of  the  iron  is  only  166.  As 
there  are  6*45  square  centimetree  to  the  square  inch,  110,000  lines 
to  the  square  inch  correspond  very  nearly  to  17,000  lines  to  the 
square  centimetre ;  and  H^= 664  corresponds  very  nearly  to  H  =:  100. 

(To  he  c<mlinutd.J 


In  a  discuBsion  on  tramway  working,  Mr.  Holroyd  Smith 
writes : 

The  direct  system  of  working  street  tramways  by  undeiground 
electric  conductors  is  in  appearance  similar  to  a  cable  line,  with 
the  following  differences : 

The  slit  or  opening  in  the  road -surface  does  not  exceed  {in., 
whilst  for  cables  it  is  frequently  l^in  wide. 

The  electric  channel  or  conduit  only  needs  to  be  half  the  depth 
of  a  cable  channel,  and  therefore  does  not  interfere  with  gas  and 
water-pipes,  as  is  frequently  the  case  with  the  cable  system. 

Instead  of  a  running  rope  rattling  over  pulleys  there  is  a 
stationary  conductor. 

Insteaa  of  a  gripper,  attached  to  the  car  and  made  to  grasp  or 
release  the  running  cable,  and  liable  to  derangement,  canung 
serious  accidents  and  loss  of  life,  there  is  a  contact-making 
"  plough  "  passing  through  the  slit,  lightly  touching  the  endosea 
electric  conductor,  and  passing  the  current  to  the  motor  on  the 
car.  If  any  derangement  occurs,  the  only  consequence  is  the 
stoppage  of  the  car. 

The  cable  car  can  on(y  go  in  one  direction,  at  one  speed,  and 
starts  with  a  sudden  impulse. 

The  electric  car  can  go  in  either  direction,  and  starts  with  a 
gradual  silent  movement,  and  the  rate  of  travel  may  be  increased 
to  any  desired  speed,  thus  enabling  the  cars  to  "catch  up"  if 
delayed  through  any  cause,  instead  of  blocking  en  nuustf  as  is  U^ 
case  with  the  cable  system. 

A  strong  man  is  required  to  operate  the  gripping  lever  of  the 
cable  car  ;  a  boy  can  easilv  drive  the  electric  car,  and  oauee  it  to 
move  forward  or  backward  quickly  or  slowly  at  wilL 

The  electric  car  can  move  slowly  round  a  street  comery  whereas 
the  cable  car  is  whirled  round  at  the  maximum  speed — ^a  most 
dangerous  practice. 

The  electric  car,  being  only  lOcwt.  heavier  than  an  ordinary 
tramcar,  can  be  easily  removed  from  the  track  in  case  of  need,  the 
''  collector,"  or  "  plough,"  bein^  instantly  detachable,  not  a  per- 
manent fixture  like  the  cable  gnp. 

The  one  advantage  the  cable  car  has  over  the  electric  oar  is  that 
it  can  deal  with  huls,  however  steep— straight  up,  if  need.  The 
electric  car  can,  however,  mount  any  hill  suitable  for  ordinary 
street  traffia 

An  electric  car  could  easily  mount  a  zigzag  gradient  that 
would  be  practically  impossible  with  a  cable. 

When  once  the  conductors  are  laid,  electricity  has  the  same 

gracticfd  efficiency  as  the  cable   in  dealing  with  exoeptionally 
eavy  traffic,  at  a  trifling  increase  to   the   ordinary  working 
expenses. 

The  electric  conduit  system  is  much  cheaper  to  construct  and 
equip  than  the  cable,  much  easier  and  cheaper  to  work,  less 
costly  in  maintenance  and  repairs,  and  gives  a  percentage  of 
efficiency  for  the  power  expended  at  the  depot  of  more  t^n  three 
times  that  obtainable  by  cable  haulage. 


SIR  WILUAH  THOMSON'S  NEW  ELEGTBICITT 

METER.* 


This  instrument  forms  at  once  an  indicator  by  which  the 
strength  of  a  current  passing  at  any  given  instant  can  be  read 
off  on  a  scale,  and  a  suppw  meter  by  which  the  amount  of 
current  which  has  passed  through  the  meter  during  any  given 
time  is  recorded  on  a  train  of  counting  wheels.  The  indicator 
consist  of  a  light  aluminium  frame,  free  to  turn  about  a 
horizontal  axis,  having  at  its  top  end  a  ooU  of  fine  copper  wire,  c, 
and  at  its  lower  extremity  a  train  of  counting  wheels,  w.  The 
frame  is  supported  on  knife-edges,  and  a  current  is  oondacted  into 
and  out  of  the  fine  wire  coil  by  two  spirals  of  fine  oopper  wire,  H. 
The  resistance  of  this  coil  is  about  30  ohms,  and  it  isioined  in  series 
with  an  anti-inductive  platinoid  resistance,  R,  of  070  ohms.  When 
the  meter  is  in  action  a  small  current  is  kept  passing  through 
the  circuit.  The  whole  current  to  be  measured  is  oondusted 
through  a  fixed  coil,  0,  of  copper  ribbon,  which  is  placed  with 
its  plane  parallel  to  the  plane  of  the  fine  wire  coil  when  the 
latter  is  in  its  zero  position.  A  scale,  S,  divided  to  give  read- 
ings in  amperes,  is  attached  to  the  indicator,  on  which  the 
strength  of  the  current  passing  through  the  fixed  coil  can  be  read 
off  by  means  of  an  index  fixed  to  the  case  of  the  instrument. 

The  recording  apparatus  consists  of  the  train  of  counting 
wheels,  W,  mentioned  above,  and  a  revolving  cam,  K,  driven  by 
clockwork,  which  is  kept  in  motion  by  a  weight,  W.  The  cam 
is  kept  revolving  at  a  uniform  rate,  and,  when  a  current  is 
passing  through  the  instrument,  comes  in  contact  at  each  revo- 
lution with  a  trailing  wheel  attached  to  the  counting  train,  which 
it  causes  to  turn  round,  and  so  makes  a  record. 

The  action  of  the  meter  may  be  shortly  stated  as  follows : 
When  no  current  is  passing  the  indicator  stands  at  0  on  the 
scale,  S  ;  the  movable  coil  is  about  one  millimetre  from  the  fixed 
one,  and  the  trailing  wheel  of  the  counter  train  is  quite  dear  of 
the  cam,  so  that  no  record  can  possibly  be  made.  When  a 
current  is  passing  through  the  fixed  coil  the  top  end  of  the  indi- 
cator is  repelled  outwards^  and  the  counting  train  pf  wheels  is 

*  Paper  read  before  the  British  Aseociatiofi, 
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brought  intoards  towards  the  cam  to  a  position  depending  upon 
the  strength  of  current  which  can  be  read  off  on  the  scale.  In 
this  position,  at  the  proper  position  of  the  revolution,  the  trail- 
ing wheel  is  lifted  by  the  cam,  and  runs  over  a  shorter  or  longer 
path  in  proportion  t3  the  strength  of  current.  Thus,  if  the 
current  passing  through  the  fixed  coil  be  five  amperes,  the 
counting  wheels  might  record  20  for  every  revolution  of  the 
cam  ;  wnereas,  were  the  current  10  amperes,  the  trailing  wheel 
would  roll  over  twice  as  long  a  path,  and  the  record  would 
be  40. 

Two  screwed  rods  are  so  attached  to  the  indicator  that  one,  se, 
is  vertical,  and  the  other,  y,  is  horizontal  when  the  beam  is  in 
its  zero  position.  These  rods  are  provided  with  adjustable  nubs, 
those  on  the  vertical  bcine  to  adjust  the  sensibility  of  the 
instrument,  while  those  on  uie  horizontal  rod  are  for  the  adjust* 
ment  of  the  zero.    By  means  of  the  former  the  constant  of  the 
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meter  can  be  quickly  varied  if  found  convenient.  Thus  a  meter 
which  is  suitable  for  measurement  from  one  to  20  lamps  can  be 
sltered  in  a  few  minutes  to  suit  ranges  of  from  one  to  50  or  from 
one  to  100  lamps.  This  adjustment  can  be  made  by  an  inspector 
without  tiie  use  of  any  auxiliary  instrument.  All  that  has 
to  be  done  is  to  hang  on  a  weight  of  a  given  amount  on  the 
Imife-edge  stirrup  at  the  end  of  the  horizontal  arm,  and  raise 
or  lower  the  nuts  on  the  vertical  arm  till  the  indicator  shows  a 
given  reading  on  its  scale.  By  this  means  also  the  constant  of 
the  meter  can  be  checked  at  any  time. 

As  at  present  arranged,  the  driving  weight  requires  to  be 
wound  up  periodically  by  means  of  a  revolving  disc  on  the 
ttont  of  the  case.  It  is  intended  that  this  should  be  done  by 
the  consumer,  and  an  arrangement  is  nuide  by  which  the  current 
is  automatically  cut  off  from  the  house  when  the  weight  is 
allowed  to  run  down.  Precautions  are  also  taken  to  prevent  any 
frsudulent  tampering  with  the  instrument. 


ON  THE  SPECIFIC  RESISTANCE  OF  COPPER.'' 

BY  T.    C.    FITZPATBICK. 

All  the  values  exven  in  tables  for  the  specific  resistance  of  the 
metals  are  directly  or  indirectly  obtained  from  the  values  given  by 
Matthiessen  in  his  series  of  papers  published  in  the  Transactiatvs  of 
the  Hoyal  Society  for  the  years  1860-64,  and  in  the  reports  of  the 
British  Association  for  the  same  years. 

In  the  Tran*(ict%onit\  for  the  year  1860  is  a  p&per  by  Matthiessen 
on  the  conductivity  of  pure  copper  and  on  the  effects  of  impurities. 
No  alloy  of  copper  has  ets  high  a  conductivity  as  the  pure  metal. 
HIb  results  are  expressed  in  terms  of  the  oonductivity  of  a  hajxl- 
draMm  silver  wire  (100  at  Odeg.).  He  eives  the  following  values 
for  samples  of  copper  carefully  prepared  by  himself : 


(1) 
(2) 
(3) 
(4) 
(5) 


»300  at  18-6deg.  ^  f^i^^„  ^  „^„  ^,.,„^ 
93-46  at  20-2d^.  ^^^^^  *  ™®*°  ^**'*® 
9302  at  18-4deg.  V 


92-76  at  19*3deg. 
92-99  at  17'5deg. 


of93-08atl8-9deg. 
as  theconductivity 
of  pure  copper. 


Numbers  are  given  showing  the  effect  on  the  oonductivity  of 
small  quantities  of  oxide,  and  he  states  that  he  found  it  necessary 
to  pass  hydrogen  through  the  molten  metal  for  some  time  for 
entire  reduction.  In  the  TransactioM  for  1862  Dr.  Matthiessen 
has  a  paper  on  the  influence  of  temperature  on  the  conductivity  of 
metfds.  He  again  expresses  his  results  in  terms  of  a  hard-drawn 
silver  wire. 

On  page  8  will  be  found  the  results  of  his  experiments  on  copper ; 
the  lowest  temperature  at  which  measurements  were  made  was 
12deg.  or  16deg. ;  he  there  shows  how  the  results  for  pure  copper 
measured  at  18deg.  may  be  reduced  to  Odeg.  C;  but  no  measure- 
ment was  actually  made  at  Odeg.  for  any  of  the  metals  experi- 
mented with. 

He  expresses  the  influence  of  temperature  on  a  hard-drawn 
copper  wire ;  the  mean  result  of  a  number  of  determinations  by  the 
ea  uation  X = 100  -  38701 1  -i-  -0009009  <« 

wnere  100  is  the  conductivity  of  copper  at  Odeg.  C,  so  that  a 
hard-drawn  silver  and  copper  wire  have  the  same  oonductivity  at 
Odeg.  C. 

The  values  obtained  by  comparison  with  a  hard-drawn  silver 
wire  are  then  largely  the  source  of  the  tables  of  specific  resist- 
ances ;  but  at  the  end  of  his  appendix  to  the  report  of  the  Electrical 
Standards  Committee  for  18o4  Matthiessen  gives  values  for  hard- 
drawn  silver  and  copper  wires  in  terms  of  the  new  B.A.  unit; 
expressed  as  the  resistance  of  a  wire  one  metre  long,  weighing  one 
firramme. 
^  These  values  are  : 

Copper -1469 

saver   -1682 

The  same  table  of  values  is  given  in  the  Philosophical  Magazine 
for  1865,  where  also  is  given  a  table  of  specific  resistances  for  wires 
one  metre  lone  and  one  millimetre  diameter  expressed  in  terms 
of  the  B.A.  units,  calculated  from  the  value  of  the  known  conduct- 
ing power  of  the  gold-silver  allo^  in  terms  of  hard-dravm  silver, 
and  also  in  terms  of  the  B.A.  unit. 

The  values  thus  obtained  do  not  agree  at  all  with  the  results 
calculated  for  the  resistances  of  the  gram-memetre  by  the  specific 
gravities  of  the  elements  furnished  by  tables. 

Thus 

saver -02048    "02603 

Copper    -02090    -02104 

He  states  that  he  omitted  to  determine  the  specific  gravity  of 
the  copper  used  in  his  experiments ;  he  probably  would  not  liave 
obtained  any  very  adequate  results,  and  the  weight  of  copper  he 
used  varied  from  1  -5  to  4  ^ammes. 

The  accuracy  of  Matthiessen 's  results  seems  to  depend,  there- 
fore, on  the  accuracy  of  his  determination  of  the  resistance  in 
terms  of  the  B.A.  unit  of  a  hard-drawn  saver  wire ;  in  considering, 
therefore,  the  question  of  the  preparation  of  samples  of  copper  of 
higher  conductivities  than  Matthiessen  obtained,  it  may  be  sug- 

gested  that  the  cause  of  the  difference  is  not  the  fact  that 
[atthiessen  did  not  f^jpare  pure  copper,  but  by  the  error  in  the 
value  of  the  standard   nth  which  the  comparison  was  made. 

I  have,  therefore,  made  a  series  of  experiments  on  the  resistance 
of  pure  silver  wires ;  and,  as  a  general  result,  have  obtained  a 
value  identical  with  that  of  Matthiessen ;  the  differenoe  is  not 
due,  therefore,  to  an  error  in  the  standard  employed,  as  far  as  my 
experiments  go. 

Matthiessen  does  not  give  anywhere  the  details  of  his  measure- 
ments of  the  specific  resistances  of  the  metals  in  terms  of  the 
B.A.  unit ;  in  the  B.A.  report  he  simply  mentions  that  an  approxi- 
mate table  is  subjoined,  not  even  stating  the  fact  that  the  values 
are  for  a  temperature  of  Odeg.  C.  I  conclude,  therefore,  that 
these  values  are  calculated  out  from  the  former,  of  which  an 
account  is  given  in  the  same  B.A.  report,  and  which  were  per- 
formed at  a  temperature  of  20deg.  C. 

I  have,  therefore,  on  this  account,  as  well  as  for  other  reasons 
stated  later,  made  my  measurements  at  the  temperature  of  the  air, 
and  believe  that  as  his  values  were  reduced  by  a  temperature 
ooefiScient  to  values  at  Odeg.  C,  I  shall,  by  using  the  same  tem- 
perature coefficient,  and  raising  his  value  to  near  that  for  20deg. 
C.,  obtain  results  directly  comparable  with  Matthiessen's  direct 
measurements. 

For  the  measurement  of  the  resistance  of  the  specimens  of  wire 
a  Wheatstone's  bridge  arrangement  was  employea,  two  of  the  arms 

*  Paper  presented  to  the  British  Association  by  the  Committee 
on  Electrical  Standards. 
t  Pha.  Tranmctionaj  1860,  p.  85. 
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of  the  bridge  were  formed  by  a  10  and  1  standard  B.A.  unit — 
namely  (66  and  G).  These  were  so  nearly  10  to  1  that  they  were 
taken  to  be  in  that  ratio. 

The  third  arm  was  one-third  of  a  B.A.  unit,  and  in  the  fourth 
arm  was  the  wire  to  be  measured.  This  was  stretched  on  a  flat 
board,  and  soldered  at  the  ends  to  copper  plates,  to  which  connect- 
ing wires  were  also  soldered.  The  length  of  wir3  used  was  generally 
a  Uttle  less  than  two  metres,  and  the  wires  were,  approximately. 
No.  18  B.W.G.  The  board  had  scales  screwed  to  it  at  the  two 
ends.  The  board  and  wire  were  placed  in  a  Ions  bath  made  of  zinc 
and  filled  with  paraffin.  Wires  which  were  left  in  the  bath  for 
some  days,  and  in  vnrt^n  f^o**  on**  pj»oe  ppvernl  wcoka,  were  not 
found  to  have  been  at  all  acted  on  by  the  oil. 


Fio.  1. 

One  end  of  the  wire,  P^,  Q^,  was  connected  by  a  binding  screw 
through  on  adjustable  resistance,  r  (^  metre  of  copper  wire)  to 
the  mercury  cup,  Qi,  in  which  was  one  of  the  legs  of  the  one-third 
coil,  and  also  to  a  reversing  key  in  the  battery  circuit. 

The  one-third  and  the  10  were  connected  up  together  through 
an  adjustable  resistance,  Pi,  Mi,  one  leg  of  each  of  the  coils,  10 
and  1,  were  in  iAne  same  mercury  cup,  L,  and  the  other  end  of  the 
1  B.A.  unit  was  oo&tiected  with  the  other  end  of  the  wire,  P],  Q^. 

A  single  Leclanch^  cell  was  connected  up  with  the  reversing 
key,  and  the  fourth  point  of  this  ke^  was  connected  with  the 
mercury  cup,  L,  into  which  the  legs  ox  10  and  1  dipped.  In  this 
circuit  there  was  also  a  touch  key.  The  galvanometer  circuit  was 
always  made,  and  thus  there  was  no  thermo-electric  effect  on 
meeting  the  galvanometer  circuit.  To  each  of  the  mercury  cups, 
Qi,  Pi,  Ml,  i^,  were  connected  with  separate  binding  screws  two 
thick  wires,  one  of  which  was  welded  to  the  copper  plate  at  the 
bottom  of  the  mercury  cup.  Each  of  these  latter  wires  were  con- 
nected with  two  way-keys,  those  in  Pi  and  Qi  to  the  key  ku 
those  in  Ml  to  the  key  Ki,  those  in  M.  to  the  key  Kj. 

The  base  points  of  the  keys  Ki  ana  K^  were  connected  with  a 
delicate  reflecting  galvanometer,  that  employed    for   the    com- 

E arisen  of  the  standards  on  the  Fleming  bridge.  The  base  of  the 
ey  ki  was  connected  with  the  third  point  on  the  key  K^,  and  the 
third  point,  on  the  key  Ki  was  connected  to  the  base  point  of  a 
fourth  key,  k^,  the  two  other  points  on  the  key  being  connected 
with  riders,  with  which  contact  can  be  made  with  two  points  on 
the  wire,  Pj,  Qg ;  the  riders  had  straight  edges,  and  tnus  their 
positions  on  the  scales  could  be  easily  determined.  In  performing 
an  experiment  the  keys  Ki  Kj,  and  were  so  connecteid  that  the 
mercury  cups,  and  so  the  ends  of  the  coils,  10  and  1,  were  in 
circuit  with  the  galvanometer.  The  resistance,  R,  Pi,  M^,  was 
then  varied  till,  on  making  the  battery  circuit,  no  deflection 
resulted.  The  ends  of  the  10  and  1  were  then  at  the  same 
potential,  and  as  the  other  ends  of  these  coils  were  connected  with 
the  same' pole  of  the  battery,  there  was  the  same  fall  of  potential 
on  the  two  lines. 

The  keys  Ki  and  K^  were  then  reversed,  and  by  the  keys  il*i 
and  ki  one  end  of  one-tnird  coil  and  one  point  on  the  wire  Pj,  Qat 
were  connected  through  the  galvanometer,  and  afterwards  the  two 
other  ends.  The  riders  were  adjusted  till  there  was  no  deflection 
of  the  galvanometer.  The  length  of  wire  between  the  two  riders 
had  a  resistance  of  one-tenth  that  of  the  one- third  B.A.  unit  coil. 

By  means  of  the  series  of  keys  it  was  easy  to  repeat  the  observa- 
tions and  to  connect  the  ends  of  one-third  coil  with  the  wire.  The 
resistance,  R,  did  not  often  change  during  the  experiments,  as  the 
room  was  at  a  constcmt  temperature,  any  change  in  R  only  caused 
a  shifting  of  the  position  of  the  riders.  In  each  experiment,  after 
all  the  aajustments,  the  bath  was  well  stirred  and  everything  left 
for  half  an  hour.  It  was  generally  found  that  the  riders  did  not 
require  any  adjustment.  The  battery  was  reversed  and  all  the 
cous  moved.  The  U&bter  never  caused  any  efiect ;  sometimes  the 
reversal  of  the  battery  caused  a  shifting  of  the  two  riders  a  milli- 
metre or  two  in  the  same  direction. 

Another  reading  was  taken  three  or  four  hours  after.  The  colls 
one-third,  10,  and  one,  were  in  water  baths,  and  their  temperature 
remained  the  same  for  hours  together.  The  temperature  of  the 
paraffin  bath,  of  course,  was  not  so  constant,  it  was  kept  well 
stirred  in,  and  a  thermometer  reading  to  '2deg.  never  showed  any 
differenoQ  in  the  temperature  at  the  (afferent  ^nds  of  th^  bath  when 


the  readings  were  taken.  The  thermometer  employed  waa  Kew 
corrected  ;  and  the  corrections  given  were  verified  by  recent  com- 
parison with  a  platinum  thermometer  by  Mr.  Griffiths. 

Since  the  two  standard  coils  employed  were  accurately  in  the 
ratio  of  10  to  1,  the  accuracy  in  the  resistance  measurement 
depended  entirely  on  the  value  of  the  1/3  B.A.  unit.  This  was  first 
ms^e  as  nearly  as  possible  1/3,  but  it  was  found  that  for  the  size  of 
the  wires  measured  (18  B.W.G.)  this  was  too  high  a  resistance.  It 
had,  therefore,  to  be  reduced.  For  the  determination  of  ita  value 
there  was  cut  out  in  a  block  of  paraffin  wax  a  lar^  central  mercury 
cup,  and  outside  this  a  circular  channel.  Thick  copper  plates 
were  cut  to  fit  them,  and  both  were  well  amalgamated.  By  means 
of  this  cup  arrangement  the  three  B.A.  units  (H,  G,  and  Flat)  w<^ 
connected  up  in  multiple  arc,  and  by  means  of  stout  copper  rods 
the  multiple  arc  arrangement  was  connected  with  the  mercury 
cups  with  the  Fleming's  bridge,  and  so  compared  with  the  1/3 
B.A.  unit,  the  temperature  ofthe  1/3  being  given.  The  following 
observations  were  taken : 
July  12, 1889:  1/3,  (18-4')  +  986-6  (b.w.d.)=M.A-l-24'fl  (b.w.d.) 
July  22,  1889:  1/3,  (17  0-f-966  (b.w.d.)=B.A.+24  1  (b.w.d.) 
Aug.  26,  1890:  1/3  (16  8') -I- 986-1  (b.w.d.)=M.A.+23-9  (b.w.d.) 
The  value  of  a  bridge  wire  division  (b.w.d.)  is  -0000498  B.A. 
units  at  15deg.,  and  the  wire  has  a  temperature  ooefficient  of 
•00143. 

It  is  evident  from  these  series  of  values  that  the  1/3  haa  not 
changed  in  resistance  during  the  period  of  the  experiments. 

This  comparison,  however,  introduced  a  possible  error,  aa  the 
temperature  of  the  bridse  wire  at  the  time  of  experiment  was  not 
accurately  known,  and  this  is  important  when  nearly  the  whctle  of 
the  bridge  wire  is  employed.    To  eliminate  this  possible  error  the 
1/3  was  compared  with  four  B.A.  unite  in  multiple  arc.     In  this 
case  a  large  number  of  bridge  wire  divisions  had  to  be  subtracted 
from  the  value  of  the  1/3,  and  the  whole  number  of  bridge  wire 
divisions  entering  into  the  calculation  for  the  values  of  the  1/3  was 
largely  reduced.    The  four  coils  in  multiple  arc  were  (F,  G,  H,  and 
FUt): 
Aug.  26,  1890:  1/3,  168° -I- 157  (b.w.d.)=i:M. A. +852-03  (b.w.d.) 
Aug.  26,  1890:  1/3,  16-8° -H 167-5  (b.w.d.)=B.A.  -t-SSl-O  (b.w.d.) 
All  the  four  coils  were  at  the  same  temperature  (16*8).     These 
values  are  taken  from  the  B.A.  Report,  1888. 

Flat 1-00O448 

F 1-000028 

G -99956 

H -99969 

These  give  for  the  two  multiple  arc  arrangements  the  values 
-33330  and  '24998.  The  connecting  rods  had  a  resistance  of  '00042, 
and  these  gave  for  the  value  of  the  1/3  at  16-8deg.  '28537.  The 
temperature  coefficient  for  the  coil  is  -0001  per  Ideg.  C. 

To  measure  the  lengths  of  the  wires  two  microscopes  with  scales 
and  verniers  reading  to  *]  of  a  millimetre  were  set  up  and  firmly 
clamped  in  position  ;  the  distance  between  them  was  determined 
by  means  of  the  beam  compass  and  the  aid  of  a  third  microscope  ; 
the  distance  between  this  and  the  other  two  being  diractly  read 
off  on  the  beam  compass  for  set  positions  of  the  verniers.  ^  The 
wires  were  cut  with  a  fine  fret  saw  at  the  points  corresponding  to 
the  position  of  the  riders  in  the  resistance  measurements.  Before 
weighing  the  wires  were  carefully  cleaned  with  methylated  spirits, 
the  oalance  employed  was  the  one  used  by  Mr.  Glazebrook  for  our 
determination  of  the  specific  resistance  of  mercury,  the  weights 
were  balanced  against  one  another,  and  in  all  cases  double  weigh- 
ings were  taken. 

The  specific  gravity  of  most  of  the  wires  was  measured.  For 
this  purpose  distilled  water  was  boiled  and  cooled  rapidly,  the  coil 
of  wire  immersed,  and  the  beaker  and  its  contents  placed  under 
the  receiver  of  an  air  pump,  which  was  connected  up  with  a  water 

Cump.  This  was  left  running  for  two  or  three  hours  till  all  air 
ubbles  had  disappeared,  the  weight  of  the  wire  in  water  was 
determined,  and  a  second  reading  taken  some  hours  later.  As  the 
weight  of  wire  used  was  from  16  to  20  grammes,  fairly  accurate 
values  for  the  specific  gravity  of  the  several  wires  ougnt  to  have 
been  obtained,  and  thus  the  value  for  each  wire  in  terms  of  the 
B.A.  unit  for  the  resistance  to  conduction  between  the  opposite 
faces  of  a  cube  of  the  material  was  found. 

The  first  object  of  these  experiments  was  to  test  directly  in 
comparison  with  the  B.A.  standards  samples  of  copper  wire  of 
high  conduct!  v^ities,  with  the  view  of  comparing  them  with 
Matthiessen's  standard.  Application  was  therefore  made  to  several 
lirms  for  high -conductivity  copper  wires,  for  which  my  thanks  are 
due  to  those  who  sent  samples. 

A  table  of  results  is  subjoined,  the  results  for  all  the  specimens 
tested  are  given,  and  they  show  the  variation  in  resistance  of  iiigh- 
conductivity  wires.     {See  Table  A.) 

IV.  and  IV.  are  the  same  copper,  but  IV.  is  hard  drawn,  IV'. 
is  annealed  ;  they  were  measured  just  as  they  were  sent  from  the 
manufacturers  ;  the  same  is  true  of  V.  and  V'.,  VI.  and  VI'. 

It  will  be  noticed  that  VI.  and  VI'.,  which  are  of  considerably 
less  resistance  than  the  other  wires,  are  of  higher  specific  erarity ; 
the  firm  that  sent  them  thus  wrote  of  them:  "It  is  omy  occa- 
sionally we  come  across  copper  as  high  as  this  or  high  enough  to 
be  called  the  highest  (in  conductivity)  we  can  produce.  This  copper 
has  been  produced  electrolytically  by  our  ordma^  process."  How 
this  copper  was  treated  after  electro-deposition  I  do  not  know.  I 
am  inclined  to  thmk,  from  my  own  experience,  that  this  difference 
in  density  is  due  rather  to  the  condition  of  the  copper  than  to  its 
relative  purity.  Matthiessen  found  that  very  small  quantities  of 
impurities  reauced  the  conductivity  20  or  30  per  cent,  and  a  suffi- 
cient amount  of  impurities  to  cause  this  decrease  in  density  from 
8*94  to  8-90,  must  make  a  larger  increase  in  the  resistance  of  the 
copper. 
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In  hiB  paper  in  the  Philoaophical  Magazine  above  referred  to 
Matthiessen  gives  ub  the  value  for  hard-drawn  copper  in  these 
terms  as  -02104  B.A. 

From  his  value  for  the  gramme-metre,  nsin^  the  sp.  gravity 
S'96  given  by  tables,  the  same  quantity  was  caTculatea  but  gave 
the  result  "0209 ;  in  a  note  added,  he  states  that  he  had  used  the 
sp.  gravity  8 '91,  his  results  would  have  been  more  nearly  alike  ; 
but  a  sp.  gravity  8*90,  I  find,  would  give  an  almost  identical 
value. 

This  would  show,  then,  that  Matthiessen's  own  table  calculated 
for  values  obtained  b^  comparison  with  hard-drawn  silver  is  accu- 
rate. I  have  tested  silver  vrires,  but  have  not  had  time  to  draw  up 
the  results  in  tabular  form ;  and  I  obtained  an  almost  identical 
value  for  hard-drawn  silver  wire,  as  supplied  me  from  Messrs. 
Johnson  and  Matthey,  as  is  given  by  Matthiessen  for  the  resistance 
of  a  gramme  per  metre. 

It  will  be  observed  that  wires  IX.  have  the  specific  gravity  8*90, 
and  g^ve  a  value  in  terms  of  B.A.  units  for  a  cubic  centimetre  of 
the  material  identical  with  Matthiessen's  value ;  this  value  is  not 

flven  directly  by  Matthiessen,  but  is  calculated  from  his  results  by 
leming  Jenkin  and  ^ven  in  his  table  in  his  book  "Electricity 
and  Magnetism  "  ;  it  is  1,652.  I  have  calculated  it  from  Matthies- 
sen's  value  given  in  the  PhUomphieal  Magazine,  and  get  the 
number  1,653.  Using  the  same  temperature  coefficient  as  before, 
the  resistance  of  a  cubic  centimetre  of  hard-drawn  copper  is 
1766-6. 

On  comparing  the  values  for  wires  IX.,  X.,  and  XI.  in  these 
terms,  the  results  do  not  agree  so  well  together  as  when  expressed 
in  terms  of  the  gramme-metre.  There  is  a  corresponding  difference 
in  the  values  of  the  specific  gravities  ;  these  latter  have  been  very 
carefully  determined,  repeated  with  the  results  given. 

Wires,  therefore,  of  the  same  resistance  expressed  for  grammes 
per  metre  may  give  a  very  different  result  when  expressM  as  pet 
cubic  centimetre.  M.  Roux,  of  Paris,  in  a  letter,  gives  the  follow- 
ing table  for  high-conductivity  wire  from  a  paper  of  M.  Hospitalier 
in  UElectridU,  1887 ;  this  paper  I  have,  unfortunately,  not  been 
been  able  to  see. 

Density   8897        932        9*6 

Conductivity  equal  volume 102-4        1067      1108 

Conductivity  equal  weight 101  7        101  '2      101  -6 

What  is  100  in  the  conductivity  units  is  not  expressed.  M.  Roux 
thinks  that  the  former  is  the  more  rational  method  of  expressing 
the  result, ».«.,  for  one  of  equal  volume. 

Matthiessen  expressed  all  his  results  in  terms  of  equal  weight, 
justifying  it  by  the  ereater  accuracy  obtainable  when  working 
with  smtol  weights  of  wire.  Small  errors  in  the  value  of  the 
specific  gravity  are  easily  made,  and  cause  a  similar  error  in  the 
result  for  equal  volumes  of  different  wires  ;  unless  working  with 
long  lengths  of  thick  wire  the  weight  of  the  wire  is  small,  and  the 
weight  of  the  water  displaced  cannot  be  determined  within  '5  to  1 
milligramme,  and  that  only  with  care ;  this  error  in  '5  of  a  gramme 
means  only  an  accuracy  of  1  in  500.  The  values  given  in  my  table 
are  probably  correct  to  1  in  1,500  or  1  in  2,000,  as  the  weight  of 
water  displaced  was  in  all  cases  over  two  grammes.  Results, 
therefore,  for  resistances  of  wires  of  equal  weight  are  the  most 
trustworthy  and,  I  think,  also  the  most  satisfactory  if  used  to 
express  the  resistance  of  a  material  and  not  of  any  given  wire. 

Wires  X.  (1)  and  X.  (2)  are  of  the  same  copper,  but  drawn  down 
separately  X.  (1)  was  beeinuing  to  frav,  ana  another  specimen  of 
the  same  copper  drawn  down  still  further  had  on  this  account  to 
be  rejected ;  this  has  affected  the  resistance  value  expressed  in 
both  ways.     Thus 

X.  (1)  -1573    1767 

X.  (2)   1569    1751 

but  much  more  so  when  expressed  for  equal  volumes.    Inboth  the 
copper  is  of  the  same  quality. 

It  will  be  noticed  that  with  increase  of  specific  gravity  there  is 
a  decrease  of  resistance,  even  when  the  results  are  expressed  for 
wires  of  equal  weight ;  the  resistance  diminishes,  therefore,  more 
rapidly  than  the  density  increases.     Wires,  therefore,  of  the  same 

auality  may,  in  consequence  of  a  difference  in  drawing,  have  a 
ifferent  density,  and  so  the  results  expressed  in  terms  of  equal 
volume  will  differ  considerably  ;  while  those  for  equal  weight  are 
the  same,  or  approximately  so. 

The  values  obtained  for  IX.,  X., and  XI.  are  so  nearly  identical, 
that  it  LB  not  unfair  to  conclude  that  they  are  samples  of  pure 
copper ;  their  value  is  identical  with  that  obtained  by  Matthiessen 
at,  I  believe,  the  same  temperature.  The  greater  difference 
obtained  at  Odeg.  C.  between  Matthiessen's  value  and  samples  of 
copper  tested  now  at  that  temperature,  is  probably  due  to  the  fact 
that  Matthiessen's  value  was  not  determined  at  Odeg.,  but  reduced 
in  value  for  that  temperature  from  observations,  as  stated  above, 
at  about  20deg.  C. 

The  higher  conductivity  or  less  resistance  for  the  two  samples 
given  in  tne  table  is  duo  not  to  increased  purity  in  the  preparation 
of  the  copper,  but  in  the  difference  in  the  process  of  preparation, 
whereby  a  sample  of  greater  density  is  obtained  than  results  from 
the  working  up  of  small  quantities  of  copper  in  the  laboratory. 

A  sample  ot  copper  has  been  prepared  by  chemical  means  with 
the  help  of  my  friend,  Mr.  Skinner,  but  has  not  yet  been  measured. 


COMPANIES'  REPORTS. 


BrailllAii  Snbmarlne  Telegraph  Compuiy. — The  Directors  of 
this  Company  recommend  a  final  dividend  of  3d.  per  share  and  a 
bonus  of  OS.  per  share,  making  a  total  distribution  of  H  per  cent, 
for  the  year  ended  June  30.  The  reserve  fund  is  to  be  increased 
by  £40,000,  carrying  forward  £2,416.  The  receipts  for  the  week 
ended  October  3  amounted  to  £5,323, 


WOODHOUSE  AND  RAWSON  UNITED,  LIMITED. 

Directors  :  The  Right  Hon.  Lord  Aberdare,  P.C.,  6.C.B.,  chair- 
man ;  Sir  Rawson  W.  Rawson,  K.C.M.6.,  C.B.,  vice-chairmaQ ; 
Sir  John  Stokes,  K.C.B. ;  Sir  F.  Leopold  McQintock,  F.R.S.; 
Samuel  Pope,  Esq.,  Q.C. ;  Frederick  L.  Rawson,  Esq.,  msnaging 
director. 

Annual  report  of  the  Directors  to  be  presented  to  the  share- 
holders at  the  general  meeting  to  be  held  at  Winchester  House, 
Old  Broad-street,  E.C.  on  the  10th  inst.,  at  12  o'clock. 

Of  the  original  capital  all  the  ordinary  and  preference  shares  have 
now  been  issued.     Of  the  ordinary  shares  one-half  of  their  value 
remains  uncalled.     The  premiums  from  the  second  issue,  amount- 
ing to  £4,050.  5s.,  have  been  placed  to  a  reserve  fund.     From  the 
biOance-sheet  it  will  be  seen  that  after  payment  of  all  ezpeiiseB 
and  writing  off  £7,421.  16s.  9d.  in  reduction  of  the  sum  standing 
to  patent  account,  the  balance  to  the  credit  of  the  Company 
amounts  to  £61,085.  Is.  9d.    Out  of  this  sum  the  Directors  propose 
to  pay  a  dividend  at  the  rate  of  15  per  cent,  per  annum  on  the 
ordinary  shares  and  of  8  per  cent,  per  annum  on  the  preference 
shares,  which  together  witn  the  interim  dividend  for  the  half-year 
already  paid  at  these  rates,  amounts  to  £18,749.  6s.  fid.     Of  the 
balance,  amounting  to  £42,335.  15s.  3d.,  the  Directors  propose  to 
place  to  reserve  £25,000,  of  which  £10,000  will  be  set  aside  to  a 
goodwill  reserve  fund  and  £15,000  to  a  general  reserve  fund,  and 
to  apply  £1,000  to  the  formation  of  an  employ te'  pension  fund, 
leaving  £16,335.  15s.  3d.  to  be  carried  forward  to  next  year's 
account.    The  Directors  do  not  propose  to  increase  the  dividend 
anticipated  in  the  prospectus,  as  the  prudence  of  building  up 
reserve  funds  of  a  considerable  amount  will  be  evident  to  the  snare- 
holders.    The  Directors  think  it  well  on  this  occasion  to  give  more 
information  than  is  usually  contained  in  an  annual  report,  in  order 
to  enable  the  shareholders  to  realise  the  scope  and  extent  of  the 
operations  in  which  the  Companv  is  engaged.   Their  efforts  daring 
the  past  year  have  been  directed  to  consolidating  and  extending 
the  several  branches  of  business  which  have  been  taken  over  by  the 
Company.     These  are  of  a  very  comprehensive   character,    and 
include  the  manufacture  of  all  articles  connected  with  electricity 
and  engineering,  so  far  as  they  come  reasonably  within  the  technicaJ 
and  financial  resources  of  the  Company  ;  the  supply  of  aU  articles 
connected  with  electricity  .and  electrical  engineering ;  the  execution 
of  all  works  of  installation  coming  within  ^e  provmoe  of  electrical 
engineers  and  contractors  ;    the    testing  and  proving  of    new 
patents  and  inventions  connected  with  electrical  and  engineering 
science,  and  their  introduction  to  the  public,  either  by  arrange- 
ments for  working  such  inventions  by  this  Company  or  by  assist- 
ing the  owners  in  forming  separate  companies  for  working  them. 
The  experience  of  the  past  year  leaves  no  doubt  that  great  services 
may  be  rendered  to  the  shareholders  and  to  the  public  by  develop- 
ing this  latter  branch  of  the  business,  with  prudence  and  energy ; 
and  the  knowledge  acquired  from  an  extensive  range  of  manu- 
factures, and  a  thorough  acquaintance  with   the  oemand  and 
channels  of  supply  of  electrical  plant  and  apparatus,  place  this 
Company  in  an   exceptional  position  to  invite  and  secure  the 
confidence    of     inventors,    and     to    assist    them   in    bringing 
their    inventions    before   the   public       With    this    object   it  is 
necessary  to   command  the  ready  means  of  practicallv  testing 
every  kind  of  electrical  and  mechanical  invention  whidb  may  be 
offered,  and  to  maintain  an  extensive  business  and  correspondence 
in  all  parts  of  the  world.     The  following  are  the  factories  owned 
by  the  Company  and  the  character  of  the  work  done :  (a.)  West 
Kensington  Hall  Works,  Hammersmith -road,  W.     These  works, 
over  an  acre  in  extent,  are  the  Company's  freehold.    Here  are 
manufactured  ligh^  goods,  such  as  switches,  lamps,  measuring  and 
other  electrical  instruments,  primary  and  secondarv  batteries,  and 
every  class  of  small  automatic  machinery.     Here  also  is  carried  on 
the  electroplating  business  and  manufacture  of  plating  plant.    At 
these  works  most  processes  offered  to  the  Company  are  tested,  and 
only  when  they  have  thoroughly  passed  the  examination  of  the 
Company's  experts  is  the  purchase  or  introduction  to  the  public 
entertained.     At  the  present  moment  four  important  electrical 
inventions  of  exceptional  merit  are  undergoing  tne  process  of  final 
testing.     (6.)  Union  Foundry,   Kidsgrove,  near  Crewe.     These 
works,  which  are  also  freehold,  have  been  recently  acquired  on 
advantageous  terms,  and  are  well  situated  in  the  heart  of  theooal  and 
iron  district,  having  both  a  railway  siding  and  a  canal  adjoining. 
They  are  fitted  up  with  every  class  of  heavy  machinery  to  enable 
the  Company  to  construct  engines  and  boilers  of  almost  any  sixe 
or  power,  water  and  cpas  works  plant,  steam  and  hydraulic  cranes, 
tanks,  pumps,  large  dynamos  and  other  machinery,  whilst  further 
special  plant    is  now  being  erected  to  keep  abreast  of  recent 
improvements,      (c.)  Cornbrook  Telegraph    Works,  Manchester. 
These  works  are  leasehold,  and  are  lully  engaeed  in  the  manu- 
facture of  telegraphic  instruments  ;  there  are  use  manufactured 
small  dynamos  and  motors,  as  well  as  light  lathes  and  drilling, 
shaping,  milling  and  screwing  machines,  specially  designed  for 
electrical  work.     Practically  the  whole  of  the  contracts  for  tele- 
graphic instruments,  etc.,  for  the  London  and   North- Western 
Railway   for   a    period   of   two   years,  together  with  contracts 
for   the  Caledonian    and    Great   Eastern    Railway    Companies, 
have     been     placed    with     the    Company    at    these    works. 
(d,)   The   supply   department   is    rapidly   increasing^   its   turn- 
over.   Its    catalogue    of   electrical   goods  and   appliances  con- 
nected   therewith    is   recognised    as    the    most   complete    and 
comprehensive  of  its  kind,  and  forms  a  standard  text-book  in  the 
trade.  The  acquisition  of  the  new  warehouse,  with  entrance  at  30, 
Cannon-street,  and  n^ore  recently  of  the  lease  pf  the  nei^hbooxing 
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Propoced  diTidend  for  the  second  half-year  at  the  £     8.  d. 

rate  of  8  per  cent,  per  annum  on  the  preference 
shares  and  15  per  cent,  per  annum  on  the  ordinary 

shares  .^ 12,676    0  11 

To  general  reserve  fund   £15,000    0    0 

To  goodwill  reserve  fund    10,000    0    0 

26,000    0    0 

To  employ^' pension  fund     1,000    0    0 

Carried  forward  to  new  profit  and  loss  account    ...      16,336  15    3 

£61,065    1    9 
Net  profit  as  per  profit  and  loss  account    61,085    1    0 

__^_^_^^^^^^^       £61.086    1    0 

NEW  COMPANIES  REGISTERED. 


Xtoetro-atetaUiirgloAl  Company,  lAmffA  —Registered  by 
T.  H.  Philpots,  Rolls-chambers,  89,  Chancery-lMie,  with  a  capital 
of  £2,500  in  £5  shares.  Object :  to  acquire  the  business  oi  the 
Electro-metallurgical  Company,  now  carried  on  at  23,  Newhall- 
hill,  Birmingham,  and  the  Victoria  Plating  Company,  carried  on 
at  9  and  10,  Sherboume-road,  Bolsall-heath,  Birmingham.  The 
regulations  of  Table  A  mainly  apply. 

Iieeda  and  London  Klaotiienl  Xnglnaerlng  Compnny.  Limited. 

Registered  by  Wilson,  Bristows,  and  Carpmael,  1,  Copthall-build- 
ings,  E.C.,  with  a  capital  of  £100,000  in  £5  shares.  Object :  to 
form  centres  in  any  towns  and  districts  in  the  United  Kingdom  or 
elsewhere,  at  which  electrical  energy  may  be  generated  and 
accumulated,  and  from  which  the  same  maybe  distributed.  The 
first  subscribers  are : 

Shares. 

H.  Linklater,  5,  Benthal-road,  N 

T.  B.  Arundell,  1,  Devonshire-street,  Portland-place,  W. 

P.  H.  Clark,  51,  Norroy-road,  Putney    

J.  Whitehead,  Heycot,  Crouch  End  

J.  A.  Roxburgh,  77,  Queen 's-road,  Finsbury  Park 

G.  K.  Chambers,  10,  Richmond- villas,  HoUoway 

G.  W.  S.  Hawes,  25,  Colebrook-row,  N 

There  shall  not  be  less  than  three  nor  more  than  seven  Directors ; 
the  first  to  be  appointed  by  the  subscribers  to  the  memorandum 
of  association.  Qualification :  £500.  Remuneration  :  One-tenth 
of  net  profits  after  7  per  cent,  dividend,  with  the  proviso  that  the 
same  shall  not  exceed  £1,500  divisible. 


PROVISIONAL  PATENTS,  1890. 


SXFTBMBJBK  29. 

15401.  Improvementa  In  aleoftrioal  ewitobe*.  Alfred  Louis  Sax 
and  Charles  William  Sax,  47,  Lincoln's-inn-fields,  London. 

15413.  An  nre  electiio  Uunp.  Thomas  Barnet  Grant,  28,  South- 
ampton-buildings, London. 

Skftbmbkb  30. 

15455.  Improrementa  In  or  nppertnlnlng  to  welding  motels 
eleotrloally.  William  Phillips  Thompson,  6,  Lord-street, 
Liverpool.  (Charles  L.  Coffin,  Unitea  States.  (Complete 
iq[>ecincation. ) 

15456.  Improrementa  in  or  appertaining  to  w«ldlng  motala 
eleotrioAlly.  William  PhiUips  Thompson,  6,  Lord-street, 
Liverjpool.  (Charles  L.  Coffin,  United  States.)  (Complete 
specincation. ) 

15464.  Apparatna  for  governing  eleoCric  Ui^t  engines,  marine 
enginee,  and  otber  engines.  Timothy  Sullivan,  John 
William  Hughes,  Victor  WilUam  Chemery,  and  Arthur 
Henry  Spence  Browne,  77)  Chancery-lane,  iJondon. 

15469.  Improved  method  of;  and  apparatos  for,  administering 
eleotrlelty  to  the  hnman  body.  Oliver  Imray,  28,  South- 
ampton-buildings, London.  (The  Bethel  Electric  Medical 
Baths  Company,  Limited,  Austndia.)  (Complete  specifica- 
tion) 

15482.  Improvements   In  and  relating  to  eleetrlo  hatterles. 

Henrv  Harris  Lake,  45,  Southampton-buildings,  London. 
(Crosby  Electric  Company,  United  States.)  (Complete 
specification.) 

OOTOBES  1. 

15547.  Improvements  In  looked  switches  ftur  eleetrlo  onrrent 
olronlts.  John  Abbott  Iliffe  and  Francis  Teague,  433, 
Strand,  London. 

Ogtobxb2. 

15573.  An  Improved  method  and  means  of  attaehlng  and 
snspendlng  eleotrlo  and  other  fittings.  Frederick 
Jonathan  Down,  82a,  New  Bond-street,  London. 

15629.  Improvements  In  telephone  transmitters  and  ladmotlon 
ooUs  to  be  need  therewith,  and  f6r  other  pnrpeses. 
William  Wheatley  and  Joseph  Lewis,  53,  Chanoery-lane, 
London. 

15634.  Improvemente  In  Instmmente  for  measuring  eleotrlo 
energy.  Jasper  Wetter,  433,  Strand,  London.  (Anne 
Marie  Bemara  de  Montessus  de  Ballose,  Franoe.) 

15635.  Improvements  In  or  relating  to  the  method  and  means 
employed  Ibr  oommnting  alternating  oorrents  of  eleo* 
trlolty,and  dlstrlbntlng  or  storing  the  eleetrloal  energy  so 
obialaed.    Charles  James  Hall,  433,  Strand,  London. 


16640.  improvements    In    eieetHe    or  seeondary  hsttvlti. 

Emmanuel  Hancock  and  Augustus  John   Marqnand,  24, 
Southampton-buildings,  London. 

15643.  improvements  In  and  oonneeted  with  ^leetrletnuBwayi 
or  railways,  and  for  working  eieetrtoaUy  prepeDad 
v^hieies  thereon.  Edward  Hopkinson,  47,  lincoln's-iim. 
fields,  London. 

15644.  Ittiprovements  In  «leotrle  doek-elrenlt-deslag  ap- 
paratns.  William  Brown,  Silcote,  COaremont-road,  High- 
gate,  London. 

OOTOBSB  3. 

15654.  improvements  In  pnU-down  switehss  fsr  walls  or 
sellings  for  Sleetrle  light.  Charles  Walter  Cox  and 
Frederick  Robinson,  8,  Strand-street,  LiverpooL 

15673.  m^rovements  In  tdephonle  swttehlng  and  sIgnalllBg 
apparatns.  Harry  Thomas  Ogilvie  Fraser,  47,  Lincob'B- 
inn-fields,  London. 

SPECIFICATIONS  PUBLISHED. 

1886. 

2470.  Beotrloal  loeometlOB,  ete.    Jnlien.    (Second  edition.)  2b. 

1889. 

14867.  Sleotrloal  oondnetom.    Imray  (Walton),    lid. 

17124.  Sleotrlo  olrenlts.    Thompson  (The  Westinghoose  Electric 

Company).    8d. 
17274.  Sleotrlo  swltoh.    Qrimston  (Jacob).    6d. 

17694.  Beetrleal  wattBMter.    Wilson.    M. 

1890. 

6156.  Xleetrtoal  swltdi.     Schults.    6d. 

8892.  Seotrleal  eendneters,  ete.    Muirhead  and  Wright.    6d. 

10076.  Xleetrleal  eondnetors.    Gk>uld  and  Gottschalk.    6d. 

10668.  Beotrlelty  meters.    De  Pass  (Mar^).    8d. 

11017.  neetrle  raUways,  ete.    Thompson  (Lynch).     8d. 

11699.  Obtaining  ehlorlne,  ete.,  Ixy  ^leotrtalty.    Nahnsen.    4d. 

12247.  Slsetrlo  lamps.    Lake  (Pyle).    8d. 


CITT   NOTES. 


Direet  BpanUOi  Telegra^  Compaay.— The  receipts  for  Sep- 
tember were  £2,526,  against  £2,139. 

West  Ckiast  of  Amerlea  Telegraph  Company. — ^The  receipt! 
for  the  month  of  September  amounted  to  £5,050. 

West  India  and  Panama  Telegraph  Company, — ^The  estimated 
receipts  for  the  half -month  ended  Sept.  30  were  £2,406,  against 
£2,218. 

lastem  Bxtenslon  TSIegraph  Company.— The  receipts  of 
this  Company  for  September  amounted  to  £43,938,  against 
£40,418. 

Great  Northern  Telegraph  Company. — ^The  receipts  for 
September  were  £25,800,  making,  from  January  1,  a  total  of 
£206,800,  against  £203,200  and  £202,600. 

■astern  Ttfegraph  Company. — The  traffic  receipts  of  this 
0)mpany  for  September  were  £55,346,  as  against  £51,881  for  the 
same  period  of  1889,  or  an  increase  of  £3,465. 

WoodhoQse  and  Bawson  United,  Limited. — The  Direclon 
recommend  a  diTidend  at  the  rate  of  15  per  cent,  per  annum, 
carrying  £25,000  to  reserre,  leaving  £16^000  undivided. 

Banter's  Telegram  Company,  Mmlted. — ^The  Directors  have 
declared  an  interim  dividend  at  the  rate  of  5  per  cent,  per  annum 
for  the  half-year  ended  June  30,  payable  on  the  11th  instant. 

Cnha  Snhmartne  Telegraph  Gompaay. — ^The  estimated  receipts 
of  this  Company  for  the  month  were  £3,000,  as  conipared  with 
£2,372.  The  receipts  for  June,  estimated  at  £3,300,  realised 
£3,324. 

Ttflephens  Gompaay  of  Aostrla,  Limited. — ^This  Company  have 
declared  the  usual  half-yearly  dividend  to  the  30th  mt^  on  the 
preference  shares  at  the  rate  of  6  per  cent,  per  annum,  payable, 
tax  free,  at  an  early  date* 

Western  and  BrasUlaa  Telegraph  Company,  Umltsd.— The 
receipts  for  the  week  ended  October  3,  after  deducting  the 
fifth  of  the  gross  receipts  payable  to  the  London  Platino-BrazUiaD 
Telegraph  Company,  were  £4,163. 
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NOTES. 


XdUpon  Motor. — ^The  Edison  Oompany  are  bringing 
out  a  new  series  of  electric  motors,  in  which  the  Eickemeyer 
armature  is  adopted. 

Broalan. — ^The  central  station  for  Breslau  is  so  rapidly 
progressing,  that  hopes  are  entertained  to  inaugurate  the 
plant  in  February,  1891. 

Chancre  of  Addreas.— Prof .  Ayrton  has  left  his  house 
in  Upper  PhiUimore-gardens,  and  his  present  address  is 
7,  Horbury-crescent,  Notting  Hill,  W. 

PmessbttTir* — ^We  are  informed  that  a  syndicate  is  being 
formed  in  this  town  for  the  purpose  of  lighting  by  elec* 
tricity  public  and  private  ofiSces,  the  subscription  list  now 
being  in  circulation. 

Liyrio  Tboatre. — ^Mr.  Horace  Sedger  has  contracted 
with  the  St  James  and  Pall  Mall  Electric  Light  Company, 
Limited,  for  the  supply  of  all  the  current  required  for  light- 
ing the  Lyric  Theatre. 

Paisley, — ^The  Town  Council  have,  on  the  motion  of 
Provost  Johnston,  seconded  by  Bailie  Andrews,  agreed  to 
apply  to  the  Board  of  Trade  for  a  provisional  order  to 
supply  electric  lighting  for  private  and  public  purposes 
within  the  burgh. 

Old  StudentB'  Dinner.— It  is  hoped  that  all  good  Old 
Students  will  remember  the  annual  dinner  to-night.  We 
understand  the  attendance  is  likely  to  be  very  good,  and  a 
capital  musical  programme  has  also  been  arranged.  The 
time  is  7  p.m.,  shaip ;  and  place,  the  Holbom  Restaurant. 

WestlnKhonse  Noiaeless  Car. — ^The  electric  car  put 
in  operation  at  Allegheny,  Pennsylvania,  by  the  Westing- 
house  Company,  and  significantly  named  by  them  the 
'*  Noiseless,"  is  said  to  be  earning  golden  opinions — and 
ordera — ^by  its  ease  of  manipulation  and  comparative  silence 
in  working. 

Hanover  Square. — ^Before  the  St  George's,  Hanover- 
square,  Vestry,  the  surveyor  said  that  in  view  of  the  fact 
that  the  electric  lighting  companies  were  tearing  the  foot 
and  road  ways  up  all  over  the  parish,  he  should  advise  the 
Vestry  not  to  proceed  with  any  paving  work  during  the 
present  year. 

Cologne. — ^The  municipal,  gas,  water  and  electric  com- 
mittee of  Cologne  have  decided  to  introduce  electric  light 
to  a  part  of  this  town.  The  system  adopted  is  that  of 
Messrs.  Ganz  and  Co.,  with  alternate  currents  at  2,000 
volts ;  the  Calles  mains,  on  Berthoud-Borel  system,  have 
been  ordered  of  the  works  at  CortaiUod,  Switzerland. 

Bleetrio  Tog  Signals. — ^We  see  it  stated  that  Messrs. 
Child  and  Emery  we  trjdng  a  system  of  electric  fog  signals 
somewhat  similar  to  that  we  mentioned  last  week  on  the 
South-Eastern  Bailway  shunting  lines  at  Erith.  An  electric 
bell  and  a  movable  disc  on  the  locomotive  are  worked  by 
contact  with  an  auxiliary  contact  rail  when  approaching 
the  distance  signals. 

Teleiftlioaie  Bonnets. — ^A  new  application  of  the  tele- 
phone for  military  purposes  is  shortly  to  be  introduced 
into  the  Italian  fortress  artillery ;  it  consists  of  a  so-called 
telephonic  bonnet,  to  be  worn  by  each  officer  being  in 
charge  of  a  gun,  which  will  enable  him  to  receive  the  in- 
structions of  the  commander-in-chief  or  other,  in  the 
quickest  possible  time. 

Iiodi.— A  small  central  station  will  be  erected  at  Lodi, 
near  Mailand,  Germany,  for  the  electric  lighting  of  this 
town ;  the  motive  power  is  obtained  by  a  Benallio  turbine 


driving  a  Tecnomasio  dynamo  of  65  amperes  and  160  volts. 
A  separate  accumulator  sub-station  with  dO  cells  it  charged 
during  the  day,  and  this,  together  with  the  dynamo  men- 
tioned, supplies  the  current  at  night. 

Personal. — Mr.  Oswald  Haes,  who  is  an  old  student 
and  assistant  of  Profs.  Ajrrton  and  Perry's,  and  has 
been  on  the  engineering  staff  of  the  Brush  Electrical  Engi- 
neering Co.  and  its  predecessor  for  three  years,  has  been 
appointed  to  the  management  of  the  engineering  department 
of  the  Company's  branch  in  Australia,  and  is  shorUy 
proceeding  to  Sydney,  N.S.W.,  to  take  up  his  position. 

Nelson  (Lanos.)« — ^The  Nelson  Local  Board  have 
decided  to  lay  an  underground  cable  sufficient  for  an  instal- 
lation of  600  lights.  Already  shopkeepers  have  applied 
for  200  lights,  and  no  difficulty  is  expected  in  obtaining 
applications  for  the  remainder.  The  cost  of  gas  in  Nelson 
is  2s.  6d.  per  1,000ft.,  and  it  is  announced  that  the  price  of 
the  electric  light,  with  the  same  illuminating  power  as 
1,000ft  of  gas,  will  be  equal  to  gas  at  4s.  6d. 

Sterilistng  Idqnlds. — ^M.  de  Meritens  has  patented 
two  processes  for  sterilising  liquids  to  prevent  fermentation. 
This  he  does  in  one  process  by  constituting  the  contain- 
ing vessel  as  a  Leyden  jar,  the  liquid  being  the  inner 
coating,  the  electrical  effect  being  produced  by  means 
of  condensers.  Another  and  apparently  less  reasonable 
method  consists  in  placing  the  vessel  and  its  liquid  to  be 
sterilised  in  the  field  of  a  permanent  or  electro  magnet 

HeUbronn. — ^The  Gferman  Government  has  consented 
to  the  establishment  of  cable  communication  between 
Heilbronn  and  Lauffen  for  the  transmission  of  light  and 
power,  under  the  conditions  that  the  minimum  height  of  the 
wires  above  ground  be  eight  yards,  the  smallest  diameter 
of  the  wire  being  0-26in.,  and,  further,  that  the  wires  be 
laid  underground  through  the  town,  and  the  high  tension 
be  transformed  in  a  special  building  into  the  usual  low 
tension  before  entering  the  town. 

Okonlte.— The  Okonite  Company  have  taken  perma* 
nent  offices  at  the  corner  of  Queen  Victoria-street  and 
Bread-street  Mr.  H.  B.  Bourne,  lately  assistant  with 
Prof.  Ayrton,  has  been  appointed  technical  adviser.  The 
company  are,  we  are  told,  building  other  premises  along- 
side the  present  works  of  Messrs.  Shaw  and  Conolly,  which 
they  have  acquired,  and  new  and  special  machinery  for  manu- 
facture of  okonite  cable  is  coming  over  from  their  American 
works  in  Passaic,  New  Jersey. 

FerrantI  Mains. — ^The  London  Electric  Supply  Cor- 
poration have  informed  the  Newington  Vestry  of  their 
intention  to  commence  the  laying  of  electrical  mains  in 
Blackman-street,  Newington-causeway,  Newington-butts, 
and  the  Walworth-road.  They  have  also  informed  the  St 
George's  Vestry  of  their  intention  to  lay  mains  in  West- 
minster Bridge-road,  Waterloo-road,  and  Borough  High- 
street.  The  surveyor  complained  that  a  sewer  had  been 
damaged  in  one  place,  and  the  Vestry  decided  to  claim 
damages. 

City  Windmills. — ^An  innovation  has  been  started  in 
that  dull  thoroughfare,  the  City-road,  which  has  the  advan- 
tage both  of  picturesqueness  and  usefulness.  This  is  a  sky 
sign  of  a  noyel  nature,  consisting  of  a  large  American  wind- 
mill, upon  the  premises  of  Messrs.  Carwadine  and  Co.,  who 
by  this  means  grind  their  oatoieal,  pump  their  own  water, 
and  will  probably  supply  motive  power  for  their  own  elec^ 
trie  light  Electrical  engineers  who  wish  to  see  what  can 
be  done  with  tlus  type  of  motive  power,  could  not  do  better 
than  call  here  to  investigate  its  capabilities* 
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Private  Ceatnd  Station  In  the  Olty.— The 
lai^eBt  private  central  installation  yet  erected  will  shortly 
be  installed  at  the  Billiter-street  offices  in  the  City.  These 
buildings  extend  over  a  surface  of  four  acres,  and  the 
installation  will  be  of  a  capacity  for  4,000  lights,  with 
duplicate  plant.  The  contract  is  being  carried  out  by 
Messrs.  Verity  and  Sons,  Covent  Garden.  The  plant  will 
consist  of  compound  engines  and  boilers  with  accumulators 
as  reserve,  and  the  orders  for  plant  are  already  placed. 
The  installation  is  to  be  ready  for  the  coming  winter  season. 

Eleetro-Depoeltlon  ef  Wreuffht  Iron. — The  New 

York  Engineering  News  in  a  note  states  that  the  electro- 
deposition  of  wrought  iron  is  a  scheme  on  which  Stephen 
H.  Emmons,  a  Pittsburgh  inventor,  is  engaged.  The  pig 
iron  is  placed  in  vats  filled  with  a  chemical  solution  and 
forms  the  negative  pole.  Thin  sheet-iron  plates  suspended 
in  the  bath  form  the  positive  pole.  The  current  of 
electricity  is  furnished  by  a  dynamo,  and  it  is  stated  that 
iron  of  chemical  purity  and  remarkable  toughness  is 
deposited  on  the  positive  plates.  Whether  the  invention 
can  be  made  a  commercial  success  does  not  yet  appear. 

Rival  Bfannfaotnrers. — We  are  informed  that  some 
people  are  not  quite  certain  as  to  who's  who  in  regard 
to  ''  The  Telegraph  Manufacturing  Company  "  and  "  The 
Birmingham  Telegraph  Factory."  The  former  \a  the  older 
company,  the  latter  being  the  works  of  Mr.  Slater  Lewis, 
who  was  formerly  manager  to  the  Telegraph  Manufacturing 
Company.  It  is  said  that  all  is  "  fair  in  love  and  war," 
and  as  business  competition  savours  somewhat  of  warfare, 
the  old  saying  may  by  some  be  held  to  apply ;  but  we  think 
it  would  be  more  in  the  interest  of  a  new  firm,  be  it  or  be 
it  not  the  result  of  a  split  with  an  older  one,  to  make  mis- 
takes impossible. 

Electric  Idght  fer  Monmouth* — A  special  meeting 
of  the  Monmouth  Town  Council  was  held  last  Friday 
morning,  when  the  deputation,  consisting  of  the  Mayor, 
Mr.  Alderman  Hyam,  and  the  town  clerk,  reported  that 
they  had  visited  Fareham  and  inspected  the  recent  installa- 
tion of  the  electric  light  in  that  town,  and  were  of  opinion 
that  the  same  was  highly  satisfactory,  the  town  being 
lighted  by  20  arc  and  85  incandescent  lamps  at  a  consider- 
able saving  per  annum  as  compared  with  gas  supplied  by 
meter.  It  was  determined  to  at  once  draw  up  specifications 
for  laying  down  an  installation  in  this  town,  and  to  adver- 
tise for  tenders. 

Petrolenm  Snglnes  for  Uffhtlng. — We  have  been 
expecting  to  hear  of  applications  in  country  places  of 
Priestman's  petroleum  engine,  and  it  now  appears  that  these 
prime  motors  are  beginning  to  be  somewhat  extensively 
employed  in  places  where  gas  or  steam  are  out  of  the 
question.  Messrs.  Verity  and  Sons,  we  hear,  are  installing 
some  four  or  five  of  these  oil  engines  with  great  success. 
One  of  these,  in  the  West  of  England,  is  a  typical  instance. 
A5-h.p.  nominal  petroleum  engine  is  used,  driving  a  dynamo 
used,  with  accumulators,  to  supply  a  mansion  with  120 
incandescent  lamps.  We  may  expect  to  see  more  use  made 
of  this  simple  and  ingenious  engine. 

Sale  of  Plant. — To  those  who  wish  to  acquire  some 
good  second-hand  plant  for  electric  lighting,  the  chance 
arises  from  the  intended  sale  of  the  machinery  until 
now  employed  by  the  Westminster  Electric  Supply  Corpo- 
ration at  their  temporary  station,  Victoria-mansions,  used 
for  the  lighting  of  the  House  of  Commons.  The  machinery 
is  of  a  modern  type  and  nearly  new.  It  is  to  be  sold 
shortly  by  auction  by  Messrs.  Wheatley  Kirk,  Price,  and 


Goulty.  The  catalogue  includes  2,00avolt  alternators, 
compound-wound  and  shunt-wound  dynamos,  all  by 
Gk>olden  and  Co.,  besides  16-h.p.  Marshall's  horizontal 
engines,  shafting,  instruments,  and  other  efiTects. 

Thomson-Honeton  Can  at  Bremen.— The  electric 
tram  line  on  the  Thomson-Houston  overhead  system  in- 
stalled at  Bremen,  has  been  so  successful  that  a  second  line 
will  be  shortly  carried  out,  having  a  length  three  times  as 
great  as  the  first.  The  work  upon  the  present  line  was 
commenced  on  22nd  June,  1889.  Since  this  time  until  the 
25th  September  last,  453,491  pa3ring  passengers  have  been 
transported,  and  the  cars  have  run  a  distance  of  48,450 
kilometres.  There  has  been  no  interruption  of  service,  due 
either  to  overhead  construction  or  the  electrical  apparatus, 
and  the  telephone  and  telegraph  service  have  not  been 
found  to  suffer.  The  director  of  police  in  Bremen  has 
given  the  company  a  certificate  of  its  efficiency,  good  work- 
ing, and  safety  to  life  and  property  in  the  crowded  streets 
along  which  it  runs. 

City  UflThtlng. — ^The  third  or  western  district  of  the 
City  is  not  to  be  left  without  its  electric  lighting.  The 
Commissioners  of  Sewers  decided  at  their  last  meeting, 
without  discussion,  to  agree  to  a  report  of  the  Streets 
Committee  recommending  that  advertisements  should  be 
issued  inviting  tenders  for  lighting  the  western  district  of 
the  City  by  electricity,  on  similar  conditions  to  those  arranged 
for  the  east  and  central  districts,  but  intimating  that 
should  any  deviation  from  such  conditions,  favourable  to 
the  Commissioners,  be  desired  by  the  companies  tendering, 
such  deviations  must  be  specifically  set  forth.  It  is  almost 
unnecessary  to  remind  our  readers  that  the  two  latter  dis- 
tricts are  to  be  lighted  respectively  by  Brush  and  by 
Thomson-Houston  arc  lamps,  and  the  price  to  be  obtained 
for  each  of  these  is  £26  per  arc  lamp  per  annum. 

Eleotiio  Lighting  for  Tramoars. — ^The  experiment 
was  tried  last  week  of  lighting  a  car  belonging  to  the 
Bradford  Tramways  and  Omnibus  Company  by  electricity. 
The  car  selected  was  one  of  the  one-horse  cars  running 
from  Eawson-square  to  Manningham  Park,  and  was  illumi- 
nated with  three  incandescent  lamps  of  five  candle-power 
each.  The  light  obtained  was  just  about  equivalent  to 
that  obtained  under  the  best  conditions  by  the  oil  lamps 
at  present  in  use,  but,  of  course,  possessed  the  advantages 
of  not  giving  off  any  smell  or  requiring  to  be  trimmed. 
The  lamps  were  fed  from  three  E.P.S.  accumulators  placed 
beneath  the  seats,  capable  of  supplying  the  current  con- 
tinuously for  six  hours.  The  experiment  was  carried  out 
by  Woodhouse  and  Rawson  United,  Limited,  and  it  will  be 
repeated  as  a  trial  during  the  fi^eek  under  the  inspection  of 
directors  of  the  tramway  company. 

Bath. — The  Electric  Light  Committee  at  the  meeting 
of  the  Bath  Surveying  Committee  last  week,  made  a  report 
(presented  by  Mr.  Sturges)  as  to  the  progress  of  the  light 
since  its  inauguration  last  June.  The  report  stated  it  was 
for  the  Council  to  decide  whether  a  specialist  should  now 
be  appointed  to  examine  the  whole  system,  as  was 
mentioned  at  the  time  of  Major  Cardew's  visit.  It  also 
mentioned  that  there  was  some  difference  between  the 
Board  of  Trade  and  the  Authority  as  to  the  terms  upon 
which  the  latter  should  have  the  right  of  purchase  at  the 
expiration  of  the  contract.  Mr.  Sturges  moved  that  the 
documents  be  printed  for  circulation  among  the  members 
of  the  Authority.  Mr.  Bartrum  seconded,  and  expressed 
regret  that  Mr.  Massingham  could  not  see  his  way  to  con- 
tinue reflectors  to  the  lamps,  which  in  other  places  effected 
great  improvement.    The  motion  was  carried. 
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Verity  and  Sons. — ^The  rash  of  business  in  electrical 
work  which  has  been  felt  during  this  autumn  in  England 
has  greatly  alfected  manufacturing  interests,  and  amongst 
others  Messrs.  Verity  and  Sons  have  been  obliged  to  extend 
their  works.  The  two  well-known  firms  bearing  the 
name  of  Verity — ^B.  Verity  and  Sons,  of  Covent  Garden, 
and  Verity  Bros.,  of  Begent-street — have  amalgamated, 
though  still  for  the  present  carrying  on  their  businesses  as 
before.  The  name,  we  suppose,  may  possibly  be  also  amal- 
gamated into  Verity  Bros,  and  Sons.  Messrs.  Verity  have 
been  so  pressed  in  their  London  works  that  they  have  now 
taken  large  premises  in  Birmingham  capable  of  providing 
work  for  700  men,  and  Mr.  J.  B.  Verity  and  Mr.  Coles  are 
at  present  organising  the  works,  which  are  practically 
ready,  and  orders  are  already  received,  we  understand, 
almost  sufficient  to  keep  it  going.  These  facts  speak  well 
for  the  progress  of  electrical  work  for  the  coming  season. 

Edinbnrgh     Intematioiial     Ezhibitloii.  —  The 

Boyal  Scottish  Society  of  Arts  held  a  special  session  at  the 
exhibition  on  October  13th,  under  the  presidency  of  Lord 
Kingsburgh.  Five  papers  were  read,  three  of  which  were 
electrical — viz. :  "  On  the  Telegraphic  Exhibits,"  by  Prof. 
Grant-Ogilvie ;  "Telpherage  and  Electric  Railways "  (which 
appears  in  this  issue),  by  Mr.  E.  Manville ;  and  "  Elec- 
trical Navigation,"  by  Mr.  A.  B.  Bennett.  There  was  a 
large  attendance  of  members.  Li  moving  a  vote  of  thanks 
to  the  authors.  Lord  Kingsburgh  regretted  that  the  elec- 
trical industries  had,  so  far,  met  with  scant  recognition  in 
Scotland,  and  expressed  a  hope  that  the  abundant  water 
supplies  in  the  Highlands  would  soon  be  turned  to  useful 
account  in  providing  light  and  power  to  the  various  cities 
and  towns.  The  members  afterwards  took  trips  on  the 
telpherway  and  electric  tramway  and  in  the  electric 
launches,  and  a  special  vote  of  thanks  was  accorded  to  Mr. 
Bennett^  to  whose  initiation  the  meeting  had  been  due. 

neotrlo  CoiiBtraotion  Catalogue, — ^A  handsome 
catalogue  beautifully  printed  on  superfine  paper  is  issued 
by  the  Electric  Construction  Corporation  to  illustrate  the 
combined  KP.S.  and  Elwell- Parker  manufactures.  Illus- 
trations appear  of  the  Elwell-Parker  continuous  and  alter- 
nating current  dynamos,  and  it  seems  rather  a  pity  that 
some  of  these  illustrations  should  appear  to  be  inserted 
upside  down.  This  is  apparently  due  to  the  form  of  leaf 
adopted  for  distribution  as  separate  sheets.  The  company 
make  a  speciality  of  electro-depositing  machines,  and  lists 
are  given  of  the  numerous  firms  now  using  them.  Switches 
of  a  strong  and  ample  pattern  are  illustrated,  and  special 
notice  is  called  to  the  fact  that  the  KP.S.  ring  contact 
switches  and  switchboards  are  reduced  in  price.  We  sup- 
pose most  consumers  would  prefer  to  see  such  a  statement 
made  about  E.P.S.  cells,  which  of  course  come  in  promi- 
nently in  the  catalogue,  but  this  does  not  seem  to  be 
considered  their  best  policy  just  at  present.  Cell  testers 
and  automatic  apparatus  of  the  KP.S.  type  are  duly 
iUustiated,  and  full  and  specific  price  lists  are  given  of  all 
the  company's  manufactures.  These  are  all  of  such  a 
standard  nature  that  every  electrical  engineer  should  at 
once  possess  a  copy  of  the  new  catalogue. 

ShiiAey* — A  deputation  from  the  Shipley  Tradesmen's 
Association  waited  upon  the  Shipley  Local  Board  at  their 
last  meeting  to  urge  the  authority  to  take  steps  to  secure 
better  lighting  of  the  principal  streets,  and  to  enquire  into 
the  possibility  of  adopting  the  electric  light  in  the  business 
thoroughfares.  Mr.  H.  Smith  pointed  that  Shipley  was  not 
so  well  lighted  even  as  Biugley  or  OUey,  while  the 
price  paid  for  gas  was   much    higher    in   Shipley  than 


in  many  other  towns.  Their  association  thought  that 
the  Board  would  not  wish  to  be  behind  other  towns. 
The  chairman  said  he  expected  the  cost  of  the  electric 
light  would  be  two  or  three  times  that  of  gas,  while 
Bray's  lamps,  an  extended  use  of  which  had  been 
suggested,  entailed  a  much  greater  outlay  than  ordinary 
lamps.  The  Board,  however,  was  prepared  to  do 
all  that  was  possible  to  improve  the  lighting  of  the  town, 
but  the  deputation  must  bear  in  that  they  would  have  to 
help  to  pay  any  extra  expense  incurred.  They  could  not 
expect  Shipley  to  be  like  Bradford  or  Leeds.  After  some 
further  remarks  the  deputation  withdrew.  No  doubt  better 
light  will  be  the  outcome  of  the  deputation,  and  if  electrical 
engineers  wish  it  to  be  electric,  they  had  better  see  that 
the  Board  are  supplied  with  full  particulars. 

Annihilatioii  of  Smoke. — We  recently  described  a 
smoke-annihilating  apparatus,  the  invention  of  Mr.  Samuel 
Elliott,  of  Newbury,  by  which  the  iBsuing  smoke  was 
washed  into  a  dirty  froth  by  the  impact  of  dashing  water. 
Mr.  Wigham  Richardson,  the  well-known  shipbuilder,  and 
president  of  the  Northern  Institution  of  Engineers,  has 
introduced  to  the  notice  of  that  institution  a  similar 
discovery  of  a  German  blast-furnace  maker,  who  constructs 
a  chamber  where  water-spray  deposits  the  issuing  smoke 
and  soot.  From  the  resultant  froth  the  ammonia  and 
sulphur  can  be  condensed  and  recovered,  and  is  found,  it  is 
stated,  to  yield  a  handsome  profit  It  is  really  not  too 
much  to  prophecy  that  future  electric  light  companies 
can  emulate  the  gas  companies'  example  in  the  matter  of 
by-products,  and  can  have  better  burning  fuel,  absence  of 
the  smoke  nuisance,  and  valuable  products  in  chemicals, 
which  shall  even  recoup  them  for  the  actual  cost  of  fuel. 
As  the  present  is  the  time  that  central  stations  are  being 
designed  which  are  to  be  erected  throughout  this  already 
far  too  smoky  land,  we  wish  to  impress  upon  station 
designers  their  duty  at  least  to  investigate  the  claims  of 
smoke-annihilating  arrangements,  of  which  the  two  we 
have  mentioned  are,  so  far  as  can  be  judged,  the  most 
rational  and  economical  yet  promulgated. 

UnderflToiind  Telephoiie  Cables  in  Berlin, — ^The 
underground  telephone  communications  begun  last  year 
have  just  been  completed.  This  telephone  plant,  the  largest 
till  now  existing,  has  been  so  periected  that  for  many  years 
to  come  an  unlimited  development  of  this  important  medium 
of  communication  may  safely  be  expected.  The  different 
sections  of  cast-iron  pipes,  each  containing  28  wires,  branch 
off  the  numerous  exchanges,  and  lead  to  several  connection- 
boxes,  where  they  are  joined  to  the  overhead  lines. 
The  total  length  of  these  tubes  is  about  34,000  yards, 
10,000  yards  of  which  are  laid  down  as  double  set; 
43,000  yards  cast-iron  pipes  of  fin.  to  l^in.  diameter 
have  been  supplied  for  them,  the  biggest  pipes  being 
spacious  enough  for  90  cables.  The  total  weight  of  the 
pipes  is  4,500  tons,  and  522  cable  surface  boxes  in  masonry 
are  provided  for  testing  and  repairing  purposes ;  besides  there 
are  100  yards  wrought-iron  boxes  and  135  trenches  at  the 
street  crossings,  and  215  yards  of  cable-boxes  to  cross  the 
Biver  Spree  and  the  junction  canals.  Within  one  year 
6,384  wires  of  about  3,700,000  yards  length  have  been 
drawn  into  the  pipes,  3,823  of  which  are  now  in  constant 
working.  We  are  told  that  the  Imperial  Post  Office,  after 
this  success,  intends  carrying  out  the  underground  system 
for  telephones  in  several  other  important  towns. 

Matrionlation  and  SoliolarBliipB.— Of  the  100  odd 
candidates  who  entered  at  the  end  of  September  for  the 
matriculation  examination  at  the  City  and  Guilds  Central 
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iDBtitatioii,  60  passed  and  16  did  sufficiently  well  to  be 
allowed  to  enter  the  college  as  unmatriculated  students.  In 
addition  to  the  regular  students  in  their  second  and  third 
years,  and  the  76  above  referred  to,  who  are  admitted  to 
attend  courses  in  all  the  four  departments  of  mathematics 
and  mechanics,  engineering,  physics,  and  chemistry,  some 
20  special  students  have  entered  for  portions  of  the  advanced 
courses  in  one  or  more  of  these  departments.  On  the  result 
of  the  entrance  examination,  the  Clothworkers'  Scholarship 
of  £60  a  year,  with  free  education,  tenable  for  two  years 
and  renewable  for  a  third,  was  gained  by  0.  E.  Stamp, 
from  St  Paul's  School ;  and  the  three  Institute's  Scholar- 
ships, each  of  sufficient  value  to  cover  the  student's  fees  for 
three  years  at  the  Central  Institution,  were  gained  by  O. 
H.  Baillie,  from  Winchester  House  School,  0.  V.  Drysdale, 
from  the  Finsbury  Technical  College,  and  A.  K  Sonneborn, 
from  Tottenham  College.  At  the  end  of  last  session  the 
John  Samuel  Scholarship,  granted  to  a  meritorious  student 
of  the  Central  Institution  at  the  close  of  his  second  year's 
course,  and  consisting  of  £30  and  free  education  for  the 
thirdyear.wasawardedtoC.  W.Clinton ;  the  Siemens  Medal, 
given  to  the  student  of  greatest  merit  in  the  department  of 
electrical  engineering,  was  taken  by  R.  Wightman. 

The  British  Museum. — It  seems  to  be  admitted  that 
the  experiment  which  the  Government  were  persuaded  to 
make  of  opening  the  British  Museum  on  week-day  evenings, 
so  as  to  enable  the  "  workers  "  to  save  their  Sunday  after- 
noons for  better  uses,  is  a  total  failure,  though  some 
thousands  of  pounds  have  been  spent  in  installing  electric 
light  in  the  galleries.  But  the  fact  that  nobody  goes  lends 
a  charm  to  the  place,  in  the  opinion  of  a  weekly  reviewer. 
As  he  says,  the  light  shines  alone  on  the  placid  mummy, 
and  the  still  more  placid  policeman.  Here  and  there  a 
maiden  aunt  conducts  a  nephew  by  the  hand  as  his  last 
treat  for  the  holidays,  and  what  he  fails  to  enjoy  in  the 
archfldology  he  tries  to  make  good  by  the  reflection  that  he 
is  sitting  up  late.  (The  entertainment  is  from  eight  to 
ten).  The  only  other  figure  is  the  superior  official  in  charge, 
who  has  seen  it  all  before,  and  who  longs  to  get  away  to 
the  evening  papers.  While  waiting  for  them,  he  takes  the 
BosettaStoneasthelatestintelligencetohand.  Nowis thetime 
for  the  harvest  of  the  quiet  eye  and  the  quiet  mind.  The 
long  galleries  are  as  silent  as  any  passage  in  a  rock  temple. 
Forty  centuries  blink  down  upon  us  in  the  ray  of  the  arc 
light ;  and  the  intense  brightness  renders  the  soUtude  visible. 
You  are  alone  with  Sesostris ;  and,  if  he  had  such  a  thing 
about  him,  you  might  button-hole  Amenophis  III.  This 
illumination  ought  to  make  the  Museum  a  resort  of  fashion. 
Someone  in  society  should  be  seen  there,  and  take  care  to 
have  it  known;  then  all  who  are  not  in  society  would 
follow,  and  London  would  learn  more  of  a  priceless  posses- 
sion.— The  Metropolitan, 

Leeds. — A  meeting  of  the  Tramways  Sub-committee  of 
the  Leeds  Corporation  was  held  on  Tuesday,  Alderman 
Firth,  the  chairman,  presiding,  to  consider  the  question  of 
running  the  Boundhay-road  tramways  by  electricity.  Mr. 
Holroyd  Smith  waited  upon  the  committee  and  explained  his 
system  of  working  electric  railways,  and  made  an  offer  to 
the  committee  to  work  the  Roundhay-road  tramways.  After 
consideration,  the  committee  decided  to  recommend  the 
Greneral  Committee  to  continue  the  negotiations  with  the 
Thomson-Houston  Electric  Company,  with  the  view  of  leas- 
ing the  Boundhay-road  lines  to  that  company,  if  the  com- 
mittee think  satisfactory  arrangements  can  be  made,  so  that 
the  matter  may  be  brought  before  the  Council  at  an  early 
date.    At  the  meeting  of   the  Highways  Committee  on 
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Wednesday,  it  was  unanimously  decided  to  adopt  the 
recommendation  of  the  Tramways  Sub-committee.  In 
accordance  with  this  decision,  the  chairman  (Aldermin 
Firth)  and  the  town  clerk  (Sir  Goorge  Morrison) 
were  desired  to  get  a  provisional  agreement  drawn  ap, 
so  that  it  might  be  submitted  to  the  Town  Council 
at  an  early  a  date  as  possible.  We  understand  that  thii 
particular  system  of  electric  tramcara  has  recommended 
itself  to  the  committee  from  the  circumstance  that  the 
company  have  stated  that  they  would  undertake  not  to 
charge  more  than  Id.  per  journey  from  Sheepscar  police 
station  to  Boundhay  Park,  and  tiiat  they  would  be  pre- 
pared to  erect  plant  and  work  the  cars  for  two  years,  at  the 
end  of  which  experimental  period  they  would  be  open  to 
agree  to  terms,  i^  desired,  for  the  transfer  of  the  property 
to  the  Corporation. 

Mansfield  Closed  Conduit  System.  —  Another 
closed  conduit  is  on  the  scene — an  apparent  cross  between 
Gordon's  new  system,  which  we  have  several  times  alluded 
to,  and  the  usual  third-rail  bare  contact  This  is  the  inven- 
tion of  Mr.  Frank  Mansfield,  of  New  York.  It  is  not  wij 
to  understand  the  exact  nature  of  the  arrangement  of  the 
rail  contacts,  but  the  invention  is  thus  described :  A  con- 
tinuous well-insulated  conductor  is  buried  in  the  ground, 
and  short  branch  conductors  are  run  from  there  to  the  road- 
bed at  short  intervals  along  the  tracks,  but  contact  is  open 
at  all  times,  except  when  a  car  is  passing  over  any 
particular  spot.  An  electromagnet  is  used  to  lift  a 
pivoted  arm  in  a  box  in  which  these  contacts  are  arrangedi 
which  not  only  closes  the  connection  between  the  supply 
conductor  and  branch,  but  establishes  abo  a  sliding  contact 
with  a  rail  mounted  on  the  underside  of  the  car.  The 
current  returns  through  the  motor  and  raik  to  the  supply 
station.  As  the  car  passes  along  over  the  track  it  cuta 
its  motor  into  circuit  first  at  one  contact  spot  and  then, 
before  breaking  connection  with  that  spot,  establishing  oon« 
nection  with  another.  Nothing  is  to  be  seen  along  the  track 
except  occasionalspot  boxes  where  the  connectionis  to  bemade. 
We  must  say  it  is  difficult  to  see  how  such  an  arrangement 
could  possibly  work  with  a  continuous  insulator ;  it  is 
possible,  however,  that  this  word  is  inadvertently  used  for 
«  discontinuous.''  Closed  conduits  now  form  an  active  field 
of  experiment,  and  the  simplest  and  best  will  win  great 
rewards.  From  what  we  have  already  said,  it  will  be  seen 
that  questions  of  priority  will  enter  into  this  as  into  nearly 
all  other  practical  electrical  inventions. 

Belgimn. — ^The  town  of  Ninove  is  the  first  Belgian  town 
to  renounce  gas  for  the  electric  light  A  30  years'  contract 
has  been  made  with  a  Brussels  firm  for  the  public  and  private 
distribution  of  electricity.  The  installation  now  opened 
is  at  first  sufficient  to  supply  at  any  one  time  1,000  IS-cp. 
lamps,  and  comprises  two  Siemens  dynamos  of  16,800  watt« 
and  two  batteries  of  Tudor  accumuUitors,the  latter  being  able 
to  supply  600  lamps  for  a  period  uf  6  hours.  These  batteries 
serve  both  for  regulation  and  reserve,  and  are  arranged  so  ai 
to  automatically  supply  at  1 10  volts  in  case  of  any  stoppage. 
Overhead  conductors  are  used,  of  bare  bronze  wire  3(  mm. 
diameter,  run  on  porcelain  insulators  mounted  on  bmckets 
along  the  street.  The  mains  are  supplied  by  five  feeders, 
connecting  the  principal  points  of  consumption.  Tbeie 
feeders  are  composed  of  several  wires  run  cm  iron  chain 
and  insulators  upon  the  roofs  of  the  housetr^^.^^  radios  oi 
listribution  is  half  a  mile.  The  public  UghtingVione  bjf 
means  of  120  lamps  of  25  c.p.  mounted  with  en^''^^ 
reflectors,  placed  above  the  now  extinguished  gas  la! 
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The  present  lighting  is  iar  Buperior  to  the  old,  and  coets  no 
more  to  the  authorities.  A  portion  of  the  bmps  are  put 
out  late  at  night  by  the  use  of  a  special  switch  and  circuit, 
again  being  lighted  at  six  o'clock  in  the  winter  months  for 
the  sake  of  the  workmen  proceeding  to  their  work,  Ninove 
being  a  manufacturing  town  of  2,000  operatives  out  of 
7,000  inhabitants.  For  private  lighting  the  current  is 
supplied  at  -9d.  per  100  watt-hours  (9d.  per  unit)  at  110 
volts.  This  price  makes  a  slight  reduction  as  compared  with 
gis,  which  at  Ninove  was  about  5s.  a  1,000  cubic  feet,  after 
having  been  reduced  from  6s.  6d.  and  8s.  in  previous  years. 
The  public  buildings,  station,  and  hospital  enjoy  consider- 
able reductions.  The  price  includes  the  renewal  of  lamps. 
The  gas  concession  expired  on  the  30th  September,  and 
the  electric  light  commenced  on  1st  October,  though  not 
officially  inaugurated  tiU  the  5th  October.  Ninove,  it  may 
be  remarked,  was  the  first  town  in  Belgium  to  introduce 

Beetrto  Ttamwaya  for  OUusgow.— The  Glasgow 
Town  Council,  at  its  monthly  meeting  last  week,  took  a 
decided  preliminary  step  towards  the  adoption  of  electric 
traction  on  their  tramways.    The  minutes  of  the  Tramvmy 
Committee    contained    a  report   by  the    sub-committee 
appointed  to  consider  the  question  of  the  future  work- 
ing of    the    tramwaysL     The    committee    had    visited 
London     and     Birmingham,     where     they     had     seen 
electric   tramways   in    operation,    and    they    concluded 
by  recommending  that  application  be  made  in  the  ensuing 
session  of  Parliament  for  power  to  work  the  Glasgow  Cor 
poradon  tramways  by  electric  and  other  mechanical  power, 
the  present  right  of  working   by  animal  power   being 
retained.    Bailie    Paton,    in    moving    the    adoption    of 
the  minute,  said  that  the  sulnsommittee  had  satisfied  them- 
selves that  the  working  of  the  tramways  by  electricity  was 
perfectly  practicable.    Tramways  had  been  working  by 
electricity  in  London  for  16  months,  and  for  three  months  in 
Birmingham;  and  those  in  Birmingham  were,  he  considered, 
an  improvement  on  those  in  London.    Indeed,  the  electric 
tnunways  in  Birmingham  were  the  finest  in  the  country. 
They  were  lighted  by  electricity,  and  altogether  were  worth 
going  a  long  way  to  see.  All  the  indications  were  that  if  such  a 
system  could  be  adopted  in  Glasgow  it  would  be  a  great 
success.    They  did  not  know  the  exact  cost  of  working  by 
electricity  aa  compared  with  working  by  horses.    They  had 
good  reason  to  believe  that  electricity  would  be  cheaper, 
but  before  they  would  require  to  consider  the  subject  there 
was  no  doubt  the  question  would  be  decided.    They  did 
not  propose  to  decide  who   should  have  the  power  of 
working  the  tramways  if  they  got  this  Act    It  would  be 
wise  for  the  Council  to  reserve  consideration  of  that 
question  in  the  meantime.    Mr.  Gray  expressed  satisfaction 
with  the  speedy  manner  in  which  the  committee  had  dia- 
charged  their  duties  in  connection  with  this  matter.    Mr. 
Dicbon  stated  that  he  had  received  a  communication  from 
a  well-known  citizen,  Mr.  Alex.  Allan,  who  was  travelling 
in  America  at  the  present  time,  and  he  said  that  nothing 
had  Borprised  him  more  than  the  manner  in  which  the 
tramway  system  was  worked  there,  and  the  extent  to  which 
electricity  was  taken  advantage  of.    The  Town  Council 
ought  to  be  in  a  position  to  adopt  electricity  as  early  as 
possible.     The  Lord  Dean  of  Guild  endorsed  what  had 
been  said  by  Bailie  Paton.    He  was  perfectly  satisfied  that 
the  Council  were  doing  the  right  thing  in  making  this 
application  to  Parliament     Mr.  M'Kellar  believed  that 
the  eost  ol  electricity  would  be  even  less  than  under  the 
Fttent  s^steu).    Tho   minute   was   approved,  and   the 


Corporation    will   therefore   take    steps   to   obtain   the 
necessary  powers. 

Slaotrioal  Looalitles.— What  a  hive  of  electrical 
industry  the  locality  at  Victoria  and  Princea-mansiona  is 
becoming.  Any  provincial  man  passing  here  would  see 
quite  a  galaxy  of  names  well  known  in  electrical  fields. 
Messrs.  Drake  and  Gk>rham  were  amongst  the  earliest  dis- 
coverers of  this  highly  professional  situation.  The  Electrical 
Accessories  have  the  same  offices,  Mr.  Campbell  Swinton  is 
dose  by,  and  Messrs.  Johnson  and  Phillips  have  recently 
added  a  further  West  End  office  at  this  plaee.  Next  door 
is  the  Electrical  Engineering  Corporation  Impersonal 
afiairs  these  generalities  are — ^it  is  usual  necessary  to  think 
of  the  enterprising  directors,  Messrs.  Manville,  Madgen,  and 
Statter,  and  their  specialities  of  dynamos,  telpher  uid  tram 
lines,  to  remember  and  discriminate.  We  now  notice  that  last 
week  Messrs.  Paterson  and  Cooper,  who  have  contentedly 
done  good  work  in  the  wilds  of  Hoxton  and  Dalston,  have 
just  taken  offices  in  this  same  electrical  spot,  Princes- 
mansions,  Westminster.  All  the  way  down  Yictoriaretreet 
is  rich  in  electrical  firms,  from  the  Edison-Swan  Company 
near  Victoria-station,  in  Albert-mansions,  and  Mather  and 
Piatt's,  at  one  end,  to  Mr.  Gisbert  Eapp  near  tb^  West- 
minster Bridge  in  Pftrliament-street.  Victoria-mansions 
itself  seems  filled  with  electrical  people— the  Westminster 
Electric  Supply  Company,  and  the  English  Westinghouse 
Company ;  the  Planet  Arc  Lamp  can  be  found  here,  various 
other  electrical  names  are  continually  being  added  in 
addition  at  intervals ;  away  at  the  back  Mr.  Weymersch  is 
still  occupied  with  his  battery.  Across  the  road  was  the 
ill-fated  Maxim-Weston,  in  a  delightfully  artistic  set 
of  rooms — now  a  chance  for  an  intending  settler ;  and  the 
Bernstein  Lamp  has  a  local  habitation  just  here.  Nearing 
the  Houses  of  Parliament  there  is  the  Institute  itself,  and 
its  meeting  place,  the  civil  engineers'  theatre,  close  by ; 
Woodhouse  and  Bawson,  ubiquitous  as  usual,  must  also 
have  their  office.  Edmundson's  have  been  an  electrical  show 
place  opposite  Parliament  for  years,  and  a  rising  firm, 
Messrs.  A.  B.  Gill  and  Co.,  are  at  present  fitting  up  offices 
at  another  comer.  In  the  City,  near  the  Mansion  House 
Station,  is  another  favourite  electrical  locality.  Here  elec- 
tric supplies  seem  to  flourish.  The  General  Electric  Com- 
pany's offices  rear  their  pile  one  side  of  the  way,  Messrs. 
Woodhouse  and  Bawson  have  the  position  opposite  for  their 
central  offices,  and  now  further  have  secured  each  end  of 
the  block  in  that  central  position,  one  of  which  has  just 
been  passed  over  to  the  Okonite  Company — a  late  froAgi^ 
now  fully  fledged,  and  we  are  informed,  having  no  conneo- 
tion  with  the  parent  company.  Messrs.  Poole  and  White 
in  Bread-street,  a  minute's  walk  away,  are  making  a  great 
show  in  the  same  field,  and  Mr.  Wilson  Hartnell  has  his 
London  office  at  the  same  address.  Near  the  Mansion  House 
itself,  11,  Queen  Victoriarstreet  was  once  a  greater  centre 
of  activities — now  has  the  Series  Traction  Syndicate  and 
the  Linefi  system — two  companies  as  yet  in  embryo— each 
expected,  by  their  supporters,  to  revolutionise  the  world  of 
traction.  Bound  the  comer,  in  Walbrook,  the  Electric 
Construction  Corporation  continue  the  work  of  E.P.S.  and 
Elwell-Parker.  Messrs.  Crompton  are  singular  in  their 
situation  by  being  almost  alone,  and  not,  like  the  others,  a 
nucleus  for  various  satellites — ^perhaps  this  will  come. 
Bound  Broad-street  Station  cluster  the  telegraph  companies 
Messrs.  Johnson  and  Phillips  are  up  the  court  to  the  right, 
and  the  General  Electric  Power  and  Traction,  of  Immisch 
and  Bartdng-road  fame,  direct  operations  from  opposite  iii 
New  Broad- street 
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THE  EDINBUB6H  EXHIBITION.— XIX. 

The  electrostatic  voltmeters  have  the  great  advantage  of 
being  available  aa  accurate  meaaurers  of  potential  on  direct 
and  altarnatiDg  syBtenu,  and,  being  electroetatic,  they  uee 
no  current,  and  consequoDtly  require  no  temperature  cor- 
rection. They  are  therefore  free  from  the  causes  of  error 
■0  prevalent  in  instruments  of  the  electromagnetic  type, 
whose  accuracy  is  impaired  by  variations  of  temperature, 
and  which  when  used  on  alternating  systems  are  affected  by 
errors  due  to  self-induction  varying  with  the  period  of 
alternation.  The  chain  of  electrostatic  yoltmetere  measures 
from  40  to  60,000  volts,  and  is  composed  of  three  distinct 
types — vis.,  the  multicellular  electrostatic  voltmeters,  the 
vertical  electrostatic  voltmeters,  and  the  electrostatic 
balance.  The  ranges  of  the  separate  instrument,  as  usually 
made,  are : 
Hnltloetliikr    eleotroctetlo    volt-/         range  40  to      160 


beat  of  "range 

60  to 

100 

raoge 

60  to 

best  of  range 

70  to 

range 

80  to 

400 

beat  of   range 

100  to 

240 

range 

200to 

800 

best  of  range 

range 

500to 

700  to 

1.300 

range 

400to 

8,000 

SOOto 

12,000 

„ 

2,500  to 

60,000 

Vettind 

Bleotrostatio  balanoe 

The  instnimentfl  are  made  on  the  principle  of  an  air 
condenser,  having  one    of   its   parts  movable  about  an 


Fio.  1. 

azie,  K  aa  to  increase'  or  diminish  the  capacity.  The 
condenser  is  enclosed  in  a  metal  case,  for  the  double 
purpose  of  profowting  the  movable  part  from  air  currents, 
and  from  the  disturbing  influence  of  any  electrified  body, 
other  than  the  fixed  portion,  differing  from  it  in  potential. 
In  all  the  instruments,  except  the  electrostatic  balance,  the 
fixed  portions  consist  of  two  sete  of  quadrant-shaped  cells 
in  metallic  connection  with  each  other,  and  formed  by  a 
number  of  parallel  brass  plates.  These  cells  are  fixed  by 
an  insulating  support  to  the  case  of  the  instrument,  and  a 
terminal  passes  from  them  to  an  insulated  binding  screw 
on  the  outside  of  the  case. 

The  movable  portion  in  all  the  instruments  is  in  metallic 
connection  with  the  surrounding  case.  In  the  multicellular 
voltmeters  this  connection  is  made  through  the  suspending 
wire,  and  in  the  vertical  scale  voltmeter  and  electrostatic 
balance  through  the  knife  edges  which  support  the  movable 
part  The  movable  portion  carries  the  pointer  which  indi- 
cates by  direct  readings  tJie  difference  of  potential  between 
the  two  parts  of  the  condenser. 

The  action  of  the  instrument,  shortly  stated,  is  as  follows: 
When  the  fixed  and  movable  plates  are  connected  respec- 
tively to  two  points  of  an  electric  circuit,  between  which 
there  exists  a  difference  of  potential,  the  movaUe  plate 


tends  to  move  ao  aa  to  augment  the  electrostatic  capacity 
of  the  instrument,  and  the  magnitude  of  the  force  con- 
cerned in  any  case  is  proportional  to  the  square  of  the 
difference  of  potential  by  which  it  is  produced.  In  the 
use  of  the  vertical  and  electrostatic  balance  instruments 
this  force  of  attraction  is  balanced  by  the  horizontal  com- 

Knent  of  a  weight  of  any  convenient  amount  hung  on  the 
ife  edge  in  connection  with  the  movable  part,  while  in 
the  case  of  the  multicellular  it  is  balanced  by  the  torsion 
of  the  suspending  wire. 

The  arrangement  of  the  parts  of  the  multicellular  elec- 
trostatic voltmeter  is  shown  in  Figa.  1  and  2.  These  figures 
apply  to  an  early  form  of  the  instrument,  and  differ  in  two 
matters  of  detail  from  the  voltmeter  as  now  made.  For 
simplicity  in  manufacture  the  cells  are  now  made  with 
straight  backs,  and  the  plates  looked  at  in  plan  are,  there- 
fore, triangular.  A  coach  spring  has  now  been  interposed 
between  the  suspending  wire  and  the  spindle  carrying  the 

The  insulated  cells  are  formed  of  triangular  brass  plates 
fixed  into  saw  cuts  in  a  brass  back  piece  so  as  to  be  equal 
distances  apart  and  accurately  parallel  to  each  other.  Two 
sets  of  these  cells,  C,  are  fixed  relatively  to  each  other,  as 
shown  in  Fig.  2,  by  a  vulcanite  support  to  the  aola-plate, 


Fio.  2. 

SO  that  their  plates  are  horizontal,  and  are  completely 
enclosed  within  the  brass  cylindrical  cose  of  the  instru 
ment. 

On  the  top  of  this  cylinder  is  a  shallow  horizontal  circular 
scale-box  containing  the  scale  of  the  instrument,  and  having 
a  glass  cover,  which  serves  to  protect  from  currents  of  air 
the  movable  indicator,  I,  and  the  scale  and  interior  parts 
from  dust. 

For  the  movable  part  a.  number  of  vanes,  Y,  similar  in 
form  to  those  of  the  quadrant  electrometer  are  used.  These 
vanes  are  placed  parallel  to  each  other  on  a  spindle  with 
distance  pieces  between  them.  The  top  end  of  this  spindle 
passes  through  a  small  bole  in  the  sole-plate  of  the  instru- 
ment, which  fornis  the  bottom  of  the  scale-box,  and  is 
attached  to  a  small  codch  spring,  which  in  turn  is  secured 
to  one  end  of  a  fine  iridio-platinum  wire  suspended  from  a 
torsion  head  at  the  top  of  a  vertical  brass  tube.  The 
torsion  head  may  be  turned  by  means  of  a  forked  key 
provided  for  the  purpose,  and  is  clamped  to  protect  it  from 
accidental  displacement  by  a  cap  which  screws  on  to  the 
end  of  the  tube.  The  coach  spring  has  sufficient  resilience 
to  allow  the  spindle  to  touch  a  guard  stop,  and  so  saves 
the  suspension  from  injury  in  event  of  the  inatrumwt 
being  roughly  set  down,  / 
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Two  vertical  brasa  repelting  plates,  which  also  act  as 
guard- plates  to  prevent  the  movable  part  from  turning 
beyond  its  prescribed  limits,  are  fixed  to  the  bottom  of  the 
Kif&plate.  These  two  plates  carry  a  gaide-plate,  O,  with 
a  circular  opening  ia  it,  through  which  the  lower  end  of 
the  spindle  passes.  A  little  brass  disc,  or  head,  D,  is 
attached  to  the  end  of  the  spindle,  sufficiently  large  to 
prevent  ita  passing  back  through  the  hole  in  the  guide- 
plate.  Thus  the  movable  part  is  efiectually  secured  from 
swinging  about  so  aa  to  be  injured,  and  by  no  possibility 
can  it  come  into  contact  with  the  insulated  quadrants. 
When  the  instrument  is  level  the  spindle  hangs  free  by  the 
suspending  wire,  so  that  the  vanes  are  horizontal,  and  each 
ia  in  a  plane  exactly  midway  between  those  of  two  con- 
tiguous condenaer-pktea. 

A  small  thumbscrew  is  placed  in  the  centre  of  the  basiv- 
pkte  below  the  instrument,  which  can  be  screwed  in  so  as 
to  lift  the  weight  of  the  spindle  and  vanes  from  tho  sus- 
pending wire  and  clamp  the  disc  on  the  end  of  the  spindle 
^inst  the  guide-plato.  A  lifter  or  checker  is  also  provided 
similar  to  that  used  in  the  magneto-static  instruments. 

An  aluminium  needle  attached  to  the  top  of  the  spindle 
indicates,  on  the  horizontal  circular  scale  fixed  to  the  upper 
side  of  the  sole-plate,  the  difference  of  potential  between 


Via.  3— Vertical  Electrostatio  Toltmatw 

the  movable  and  fixed  portions  of  the  condenser  by  direct 
readings  in  volt£. 

To  enable  this  multicellular  to  be  used  as  on  inspectional 
instniment  capable  of  being  read  from  a  distance,  aa  across 
SD  engine-room,  a  mirror,  supported  in  a  frame  which 
puses  over  the  vertical  brass  tube  and  reat«  upon  the  glass 
cover  of  the  instrument,  is  supplied.  When  this  mirror  is 
ID  position  it  is  at  an  angle  of  ISdeg.  with  the  plane  of  the 
■ole-plate,  and  by  reflecting  the  scale  and  pointer  gives  the 
inatniment  all  the  advantages  of  a  vertical  scale.  The  in- 
BtniTQsnt  ia  shown  in  Fig.  1  with  its  mirror  in  position. 

The  vertical  electrostatic  voltmeter  ia  shown  in  Fig.  3, 
and  as  will  be  seen  the  insulated  quadrants  are  supported 
vith  their  plates  vertical,  and  only  one  large  vane  is  used. 
This  movable  plate  is  supported  in  a  vertical  position  on 
^ife  edges,  so  that  the  plane  of  its  motion  is  parallel  to 
the  two  fixed  plates  which  form  the  insulated  quadrants. 
Itinpper  end  has  a  fine  prolongation  which  serves  as  a 
poinUr  for  indicating  the  deSections  on  the  scale  of  the 
inatrument,  and  at  its  lower  end  ia  fixed  the  knife  edge  for 
the  weights,  having  its  length  perpendicular  to  the  plane  in 
vhicb  tao  plate  moves. 

Ill  order  to  save  time  in  taking  readings,  an  arrangement 
i<  provided  for  checking  the  oscillations  of  the  movable 
plat«,  and  stops  ai«  placed  to  limit  its  range  and  prevent 


damage  to  the  pointer.     One  of  these  stops — the  left-hand 
one — IS  made  to  act  aa  a  support  for  the  vane. 

The  scale  is  graduated  from  0  to  60,  and  the  divisions 
represent  equal  difi^erences  of  potential,  the  actual  magni- 
tude of  the  difi'erence  per  division  being  dejiendent  upon 
the  weight  in  use  at  the  time,  A  set  of  three  weights  is 
sent  with  each  instrument,  providing  for  three  grades  of 
measurement  in  the  proportion  of  1 : 2 ;  4.  Thus  the  instru- 
ment shows  one  division  per  50  volts  with  the  link  (the 
lightest  weight)  alone  on,  one  division  per  100  volta  with 
the  medium  weight  hanging  on  the  link,  and  one  division 
per  200  volts  with'  all  three  weights  on. 


THE    TELPHER    AND   ELECTRIC    RAILWAYS   OF 
THE  EDINBURGH  EXHIBITION.* 


.  a.  BTArTER,  A.BI.I.0.E. 

It  may  be  said  truly  of  the  United  Kingdom  that  ita  inhablt&nta 
are,  aa  a  whole,  very  stow  in  taking  advantage  of  now  appUcationi 
of  the  forcea  of  nature ;  and  in  no  uietttnce,  perhaps,  ia  this  more 
BO  than  La  the  Application  of  eleotrtcity  to  traction.  When  at  last, 
however,  they  have  taken  up  a  new  application  tfaey  develop  it 
more  thoroughly  than  other  nations. 

In  a  paper  on  "  Elactrio  Traction,"  read  by  Mr.  Bennett  before 
the  East  of  Scotland  Engineering  Association  Uat  year,  he 
observed  that  whilst  there  were  but  few  lines  of  electric  tramway 
in  operation  in  the  United  Kingdom,  not  one  of  these  Diiated  in 
Scotland.  The  same  ooodiCioQ  of  aSaire  pertained  at  the  com- 
mencement of  this  year  when,  through  the  enterprise  of  the 
couDcil  of  this  exhibition,  Bcotchmen  are  enabled  to  see  two 
■xamplea  of  the  application  of  electricity  to  traction  at  work  in 
their  capitaL 

One  of  these — the  telpherage  system— Is  nuunly  the  invention 
of  the  late  Prof.  Fleeming  Jenkin,  who  developed  his  ideas  in  the 
University  of  Edinburgh,  and  therefore  this — the  first  telpher  line 
erected  in  Scotland — Should  be  especially  interesting  to  you  ;  the 
other — an  electric  tramway,  worked  from  overhead  conductors — ia 
the  first  tramway  completely  worked  by  thia  method  in  the 
United  Kingdom,  and  this  paper  is  particularly  descriptive  of 
these  two  systems. 

Ielphikaoc. 

Telpherage  is  a  distinct  and  special  application  of  electricity  to 
traction  particnlarly  snitable  for  the  carriage  of  goods  over  rough 
country  where  the  cost  of  railways  is  too  great.  We  do  not 
sQppoee  that  it  is  likely  to  compete  with  heavy  railways,  but  it  is 
especially  applicable  to  replace  heavy  cartage  where  the  cost  of 
transport  frequently  reaches  Is.  per  ton  mile,  which  is  many  times 
the  cost  of  carrying  the  same  quantity  on  a  telpher  line. 

Light  railways  have  up  to  the  present  time  been  generally 
erected  to  supersede  the  primitive  method  of  carting  when  the 
quaatities  to  be  carried  reach  from  100  to  600  tons  per  diem.  The 
coat  of  a  light  railway  where  bridges,  embankments,  and  cuttings 
have  to  be  made  ia  considerable,  and  far  in  eicess  of  the  cost  of  a 
telpher  line  over  the  same  country.  A  telpher  line  spans  riiers, 
crosses  roods,  bridges,  valleys,  and  generally  accommodates  iteelf 
to  the  smoothing  out  of  excessive  gradients  caused  by  the  rough 
surface  of  the  country,  and  even  when  the  whole  line  ia  erected 
over  a  country  continually  rising  from  end  to  end  of  the  line  the 
telpher  locomotive  can  with  facility  be  made  to  haul  loads  np 
gradiente  that  are  quitie  impracticable  on  an  ordinary  railway. 

Ingenious  devices  were  invented  by  the  late  Prof.  F,  Jenkin,  and 
brought  into  practical  use,  to  enable  the  train  to  travel  auto- 
matiMlly  without  any  driver  to  control  it,  and  a  telpher  train  so 
equipped  go«e  along  the  level  and  ascends  gradients  and  descends 
gradienta  at  approximately  the  same  speeds,  and  with  a  delicacy 
of  regulation  that  it  would  be  hard  to  attain  in  driving  a  train 
by  bvid. 

It  is  the  essential  idea  of  telpherage  tliat,  instead  of  carrying 
heavy  unit  loads  as  in  a  railway  and  running  hut  few  trains  a  day 
to  do  the  work,  the  unit  loads  carried  should  be  small  and  the 
trains  should  follow  each  other  frequently.  As  the  trains  move 
across  miles  of  country  unattended  by  a  driver,  and  as  the  speed 
of  any  one  train  might  be  greater  than  that  of  the  one  in  front, 
it  is  necessary  to  have  a  system  of  blocking  that  aliall  be  abso- 
lutely certain,  and  here  electricity  lends  itself  splendidly  to  the 
object  to  be  achieved. 

With  a  steam  locomotive,  the  most  that  can  l>e  done  to  stop  it  is 
to  shut  off  the  steam  from  the  cylinders,  bub  in  an  electric  loco- 
motive it  is  possible,  so  to  apeak,  to  remove  the  &ie  from  the  fire- 
box and  the  steam  from  the  boiler,  leaving  the  locomotive  perfectly 
inert ;  and  in  arranging  a  block  system  on  a  telpher  line  the  train 
in  front  is  arrangS  to  completely  cut  off  the  current  from  the 
section  behind  it,  so  that  if  the  next  train  should  run  into  this 
section  it  immediately  loses  all  power  of  proceeding  until  the 
train  in  front  has  moved  into  a  section  further  on  ;  and  thoa  all 
possibility  of  accidents  by  collision  are  completely  removed. 

The  telpher  line  in  the  grounds  of  the  exhibition  meaaures 
about  430  yards  all  round.  It  is  thua  necessarily  short  owing  to 
the  space  placed  at  the  disposal  of  the  Electrical  Engineering 
Corporation,  and  does  not  meet  in  this  short  length  with  all  the 
exist  on  linee  ef  greater  length  and  passing  over 


Paper  read  at  the  Edinburgh  International  Ei^hibition  before 
the  Royal  Scottish  Society  of  ^t». 
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loand,  more  mafi^Detisable  than  cast  iron,  and  not  far  inferior  to 
wroaght  iron.  It  should  form  an  excellent  material  for  the  cores 
of  electromagnets  for  many  purposes  where  a  cheap  manufacture 
is  wanted. 

A  very  useful  alternative  mode  of  studying  the  results  obtained 
by  experiment  is  to  construct  curves,  such  as  those  of  Fi{?.  20,  in 
which  the  values  of  the  permeability  are  plotted  out  vertically  in 
correspondence  with  the  values  of  B  plotted  horizontally.  It  will 
be  noticed  that  in  the  case  of  Hopkinson*s  specimen  oi  annealed 
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Fio.  20. — Curves  of  Permeability. 

wroaght  iron,  between  the  points  where  B  =  7,000  and  B  :=  16,000, 
the  mean  values  of  m  lie  almost  on  a  straifjrht  line,  and  might  be 
approximately  calculated  from  the  equation  : 

M=  (17,000-  B)-f3-6. 

Thb  Law  or  ths  ELXorBoifAONST. 
Many  attempts  have  been  made,  by  Miiller,  Liamont,  Frolich, 
and  otners  to  discover  a  simple  algebraic  formula  whereby  to 
express  the  relation  between  the  magnetising  force  and  the 
magnetism  produced  in  the  electromagnet.  According^  to  Miiller, 
these  are  related  to  one  another  in  tne  same  proportions  as  the 
natural  tangent  is  related  to  the  arc  which  it  subtends.  The 
formulie  of  Camont  and  Frolich,  which  are  more  nearly  in  keeping 
with  the  facts,  are  based  upon  the  assumption  of  a  relation  between 
the  permeability  and  the  oegree  of  magnetisation  present.  Sup- 
pose we  assume  the  approximation  stated  above,  that  the  per- 
meability IS  proportional  to  the  difference  between  B  and  some 
higher  limiting  value  (17,000  for  wrought  iron,  7,000  for  cast  iron). 
If  thia  higher  value  is  called  /3  we  may  write. 

/9-B 

1^-- » 

a 

where  a  is  a  constant  that  varies  with  the  quality  of  the  iron  or 

steel 
Now  BafiH, 

giving  by  substitution  and  an  easy  transformation 

which  is  one  form  of  Frolich's  well-known  formula.  The  constant, 
o,  stands  for  the  "diacritical"  value  of  the  magnetising  force,  or 
that  value  which  will  bring  up  B  to  half  the  assumed  limiting  or 

••satural"  value.  ,«,...  . 

All  such  formulie,  however  convenient,  are  insufficient,  masmuch 
as  they  faU  to  take   into  account  the  properties  of  the  entire 

magnetic  circuit. 

Hybtebbsis. 

I  have  already  drawn  attention  to  the  difference  between  the 
ascending  and  descending  curves  of  magnetisation,  and  may  now 
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Fio.  21.  —Curves  of  Hysteresis. 

point  out  that  this  is  a  part  of  a  set  of  general  phenomena  of 
residual  effects.  The  best  known  of  these  effects  is,  of  course,  the 
existence  in  some  kinds  of  iron,  and  notably  in  steel,  of  a  remanent 
or  sub- permanent  ma^netlBation  after  the  magnetising  force  has 
been  entirely  removed^  To  this  retardation  of  effects  behind  the 
causes  that  produce  them  the  name  of  "hysteresis"  has  been  ^yen 
by  Prof.  Ewmg.  If  a  piece  of  iron  is  subjected  to  a  magnetising 
force  which  increases  to  a  maximum,  then  is  decreased  down  to 
zero,  then  reversed  and  carried  to  a  negative  maximum,  then 
decreased  again  to  sero,  and  so  carried  round  an  entire  c^cle  of 
magnetic  operations,  it  is  observed  that  the  curves  of  magnetisation 
form  a  closed  area  simihur  in  general  form  to  those  shown  in  Fig.  21. 
This  closed  area  represents  the  work  which  has  been  wasted  or 


dissipated  in  subjecting  the  iron  to  these  alternate  magnetising 
forces.  In  very  soft  iron,  where  the  ascending  and  descending 
curves  are  close  together,  the  enclosed  area  is  small,  and  as  a 
matter  of  fact  verv  uttle  energy  is  dissipated  in  a  cycle  of  magnetv6 
operations.  On  tne  other  hand,  with  hard  iron,  and  particularly 
with  steel,  there  is  a  great  width  between  the  curves,  and  there  iq 
a  great  waste  of  energy.  Hysteresis  may  be  regarded  as  a  sort  of 
internal  or  molecular  magnetic  friction,  by  reason  of  which 
alternate  magnetisations  cause  the  iron  to  grow  hot.  Hence  thd 
importance  of  understanding  this  curious  effect,  in  view  of  the 
construction  of  electromagnets  that  are  to  be  used  with  rapidly- 
alternating  currents.  Tne  following  figures  of  Table  V.  give 
the  number  of  watts  (1  watt^yH  of  a  norse-power)  wastea  by 
hysteresis  in  well-laminated  soft  wrought  iron  when  subjected  tea 
succession  of  rapid  cycles  of  magnetisation.  It  will  be  noted  that 
the  waste  of  energy  increases  aA  th^  magnetisation  is  pushed 
higher  and  higher  in  a  disproportionate  degree,  the  waste  when  A 
is  18,000  bein^  six  times  that  when  B  is  6,000.  In  the  case  of  hard 
iron  or  steel  toe  heat  waste  would  be  far  greater. 

Table  V. — Waste  of  Power  by  Hysteresis. 


Watts  wasted  per 

Watts  wasted  per 

B 

B.. 

cubic  foot  at  10 

cubic  foot  at  100 

cycles  per  second. 

cycles  per  second. 

4,000 

25,800 

40 

400 

5,000 

32^250 

57*6 

576 

6,000 

38.700 
4^150 

75 

750 

7,000 

92-6 

925 

8,000 

51,600 

111 

1,110 

10,000 

64,500 

156 

1,560 

12,000 

71400 

206 

2,060 

14,000 

90,300 

262 

2.620 

16,000 

10t,200 

324 

3,240 

17,000 

10(,650 

394 

3,940 

18,000 

llk,100 

487 

4.870 

Another  kind  of  after-effect  was  discovered  by  Ewing,  and  named 
by  him  "viscous  hysteresis."  This  is  the  name  given  to  the 
^adual  creeping  up  of  the  magnetisation  when  a  magnetic  force 
IS  applied  with  absolute  steadiness  to  a  piece  of  iron.  This  gradual 
creeping  up  may  go  on  for  half  an  hour  or  more,  and  amount  to 
several  per  cent,  of  the  total  magnetisation. 

Another  important  matter  is  that  all  such  actions  as  hammering, 
rolling,  twisting,  and  the  like,  impair  the  magnetic  qualitv  of 
anneiJed  soft  iron.  Annealed  wrought  iron  which  has  never  been 
touched  by  a  tool  shows  hardly  any  trace  of  residual  magnetisa- 
tion, even  after  the  application  of  magnetic  forces.  But  the  touch 
of  the  file  will  at  once  spoil  it.  Sturgeon  pointed  out  the  great 
importance  of  this  point.  In  the  specification  for  tenders  for 
instruments  for  the  British  Postal  Telegraphs  it  is  laid  down  as  a 
condition  to  be  observed  by  the  constructor  that  the  cores  must 
not  be  filed  after  being  annealed.  The  continual  hammering  of  the 
armature  of  an  electromagnet  against  the  poles  may  in  time 
produce  a  similar  effect. 

Fallacies  akd  Facts  about  Electromaonets. 

I  will  conclude  this  lecture  by  stating  a  few  of  the  fallacies  that 
are  current  about  electromagnets,  and  will  add  to  them  a  few  facts, 
some  of  which  seem  paradoxical.  The  refutation  of  the  fallacies 
and  the  explanation  of  the  facts  wiU  come  in  due  course. 

FaUadtB, — The  attraction  of  an  electromagnet  for  its  armature 
varies  inversely,  as  the  square  of  its  distance  from  the  poles. 

The  outer  windings  ot  an  electromagnet  are  necessarily  less 
efiective  than  those  that  are  close  to  the  iron. 

Hollow  iron  cores  are  as  g^ood  as  solid  cores  of  the  same  size. 

Pole-pieces  add  to  the  lifting  power  of  an  electromagnet. 

It  hurts  an  electromagnet  (or.  for  that  matter  a  steel  magnet)  to 
pull  off  the  keeper  suddenly.  [It  is  the  sudden  slamming  on  that 
in  reality  hurts  it.] 

The  resistance  of  the  coil  of  an  electromagnet  ought  to  be  equal 
to  the  resistance  of  the  battery. 

A  coil  wound  left-handedly  magnetises  a  magnet  differently  from 
a  coil  wound  right-handedly.  [It  is  not  a  question  of  windmg  of 
coil  but  of  circulation  of  current.] 

Thick-wire  electromagnets  are  lees  powerful  than  thin-wire 
electromagnets. 

A  badly-insulated  electromagnet  is  more  powerful  than  one  that 
is  well  insulated. 

A  square  iron  core  is  less  powerful  (as  Dal  Negro  says,  eighteen- 
fold !)  than  a  round  core  of  equal  weight. 

The  attraction  of  an  electromagnet  for  its  keeper  is  necessarily 
less  strong  (one-third  according  to  Du  Moncel)  sideways  than  when 
the  keeper  is  in  front  of  the  poles. 

Putting  a  tube  of  iron  outside  the  coils  of  an  electromagnet 
makes  it  attract  a  distant  armature  more  powerfully. 

FacU, — A  bar  electromagnet  with  a  convex  pole  holds  on  tighter 
to  a  flat-ended  armature  than  one  with  a  flat  pole  does. 

A  thin  round  disc  of  iron  laid  upon  the  flat  round  end  of  an 
electromagnet  (the  pole  end  being  slightly  larger  than  the  disc) 
the  disc  is  not  attracted,  and  will  not  stick  on,  even  if  laid  down 
quite  centrally. 

If  a  flat  armature  of  iron  be  presented  to  the  poles  of  a  horse* 
shoe  electromagnet  the  attraction  at  a  short  distance  is  greater  if 
the  armature  is  presented  flankways  than  if  it  is  presented 
edgeways.  On  the  contrary,  the  tractive  force  in  contact  is  greater 
edgeways  than  flankways. 

Electromagnets  with  long  limbs  are  practically  no  better  than 
those  with  short  limbs  for  sticking  on  to  masses  of  iron. 
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WOODHOUSE  AND  RAWSON. 

It  is  ezcasable  for  the  directors  of  a  company  to 
try  and  make  the  best  possible  use  of  the  share^^ 
holders'  money,  in  order  to  pay  the  said  shareholders 
as  large  dividends  as  possible.  It  is  miderstood  that 
the  operations  of  the  directors  are  in  accordance 
with  the  memorandum  and  articles  of  association. 
Usually  these  are  drafted  wide  enough  to  cover  a 
multitude  of  operations,  and  large  dividends  are 
generally  supposed  to  cover  a  multitude  of  sins. 
The  report  and  balance-sheet  of  Messrs.  Woodhouse 
and  Bawson  has  been  published  in  our  columns,  and 
a  lengthy  report  of  the  ordinary  meeting  will  be 
found  elsewhere  in  this  issue,  but  it  needs  a  very 
clever  man  to  gain  any  real  knowledge  from  report , 
balance-sheet,  or  meeting.  The  shareholders  are, 
or  ought  as  men's  minds  go,  to  be  satisfied  with  a 
good  dividend.  They  are  reaping  the  benefit  of  their 
confidence  in  the  directors;  whether  they  are  reaping 
any  benefit  from  their  business  as  a  trading  and 
manufacturing  concern  is  another  matter.  The  term 
manufacturing  is  used  in  its  ordinary  sense,  and  does 
not  apply  to  the  manufacturing  of  companies.  One 
of  the  shareholders  was  inquisitive  ;  he  would  have 
liked  to  know  how  much  of  the  profits  was  due  to 
trading,  and  how  much  to  company  promotion. 
The  general  public,  or  at  any  rate,  that  part 
of  the  general  public  interested  in  electrical 
matters,  is  as  inquisitive  as  this  shareholder,  and 
would  like  to  know  a  good  deal  about  the  profits, 
but  the  chairman — wise  in  his  generation,  like  aU 
good  chairmen — decided  that  to  give  such  informa- 
tion would  not  be  politic.  Suavely  answering  the 
question,  he  says  in  effect :  "It  is  not  usual  to  give 
this  information,  so  rest  content  with  your  dividend 
and  kick  not  against  the  pricks."  The  directors  have 
done  well  for  the  shareholders — ^they  may  in  the 
future  do  as  well  or  even  better — ^yet  the  question 
has  frequently  been  asked,  Is  this  a  sound  method 
of  conducting  business  ?  The  answer  is  yes,  or  is 
no,  according  as  it  is  viewed  from  one  standpoint  or 
from  the  other.  If  we  are  to  consider  the  company  as 
making  dividends  for  the  shareholders  by  company 
promotion,  there  is  no  legitimate  objection  to  its  so 
doing.  If  we  are  to  consider  the  company  as  a 
representative  of  the  electrical  industry,  making 
dividends  as  a  supplier  or  manufacturer,  a  fiftlse 
glamour  is  put  upon  electrical  work.  The  investing 
public  must  not  be  led  to  suppose  that  such  large 
profits  can  be  obtained  by  trading  operations  of  the 
magnitude  under  discussion.  Other  companies  and 
other  firms  cannot  approach  these  profits  with  the 
same  bulk  of  trade.  How  is  that?  asks  the  out* 
sider.  Of  course,  those  who  watch  the  state  of 
affairs  understand  that,  while  Messrs.  Woodhouse 
and  Bawson  may  make  ordinary  profits  upon 
trading,  their  extraordinary  profits  are  not  so  made. 
We  are  inquisitivei  like  the  shareholder,  and  should 
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very  much  like  to  know  the  ratio  the  one  profit 
bears  to  the  other.  There  are  two  points  in  this 
mixed  business  concern  to  which  attention  should 
be  called.  First,  that  if  a  number  of  second-rate 
companies  are  promoted,  although  it  may  pay  for 
the  moment,  the  time  will  inevitably  come  when 
anything  from  such  sources  will  meet  with  no 
favour.  Success  in  obtaining  quotation  on  the  Stock 
Exchange  and  running  up  the  price  of  shares  is  but 
a  fleeting  show,  and  lacks  what  the  shareholders 
want,  viz.,  permanence.  Secondly,  the  subsidiary 
companies  can  be  made  by  judicious  management  to 
assure  the  permanent  success  of  the  parent  com- 
pany— the  latter  manufacturing  and  supplying  the 
initial  needs  of  the  former  till  they  can  run  alone, 
in  fact,  always  supplying  that  apparatus  which  the 
parent  company  makes  and  the  others  do  not.  Take 
a  lesson  from  co-operators,  where  the  wholesale 
branch  supplies  the  retail  branches.  An  examina- 
tion of  the  companies  promoted,  however,  hardly 
bears  out  the  view  of  a  far-seeing  policy — ^rather  of  a 
policy  of  hand-to-mouth,  and  let  the  future  take  care 
of  itself. 


ELECTRIC  TRACTION  AND  LOCAL  AUTHORITIES. 


THE  RUSH  OF  BUSINESS. 

A  boom  in  electrical  work  has  set  in  during  the 
last  three  months  which  is  fairly  carrying  many 
electrical  men  almost  off  their  legs.  Nothing  like  it 
has  been  experienced  since  the  time  of  the  crop  of 
electrical  companies  in  the  early  part  of  the  decade, 
which,  unfortunately,  as  we  all  know,  led  but  to 
inflation,  bursting  of  the  bubble,  and  much  disappoint- 
ment both  to  real  electrical  engineers  as  well  as  to 
investors.  Since  then  the  progress  has  been 
gradual,  but  ever  increasing  in  strength.  The 
parliamentary  Act  has  at  last  got  into  working 
order ;  powers  have  been  applied  for  right  and  left, 
central  stations  not  a  few  have  been  begun  and  are 
working.  Now  that  another  winter  season  is  in 
sight,  the  rush  for  electrical  work  is  becoming  in 
some  quarters  almost  embarrassing.  We  continue 
to  hear  of  works  being  enlarged,  and  of  new  enter- 
prises undertaken.  Something  large  may  be 
expected  to  occur  over  the  City  lighting,  which  is 
now  almost  upon  us,  and  the  introduction  to  the 
metropolis  of  arc  lighting  cannot  but  make  its 
influence  felt  in  every  provincial  town,  as  well  as 
those  even  more  numerous  towns  dependent  upon 
us  in  the  British  protectorates  abroad  and  in  the 
colonies.  It  is  sincerely  to  be  hoped  that  the  exten- 
BioQ  of  activity  which  has  set  in  will  be  confined,  as 
it  should  be,  to  actual  installations,  organisation  of 
works,  and  manufacturing  facilities,  rather  than  to 
the  too  great  inflation  of  company  stock  beyond  their 
dividend  -  bearing     dimensions.       The    continued 
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mcrease  of  business  will  be  viewed  by  all,  except 
gas  interests,  as  a  welcome  fact  for  the  coming 
season. 


The  present  position  of  local  authorities  towards  electric 
lighting  and  traction  companies  is  not  and  never  has 
been  very  encouraging.  The  authorities,  in  manv  cases, 
endeavour  to  put  obstacles  in  the  way  of  either  the 
development  of  electric  lighting  or  traction,  and  fre- 
quentiy  have  succeeded  in  delaying  for  a  certain  time 
the  introduction  of  either  the  one  or  the  other.  We 
will,  however,  only  refer  to  one  instance  which  will 
be  worth  placing  on  record.  We  refer  to  the 
position  taken  up  by  the  Hammersmith  Vestry  towards  the 
Lineff  Electric  Traction  Syndicate,  Limited,  and  the 
West  Metropolitan  Tramway  Company.  It  will  be 
remembered  that  the  latter  company  obtained  about 
the  end  of  1887  or  in  the  bc^nning  of  1888 
an  Act  granting  permission  to  use  electricity  on 
their  tram  lines.  This  Act  was  not  obtained  without  con- 
siderable expense  on  the  part  of  those  interested  in  pro- 
moting the  Bill  Moreover,  the  Hammersmith  Yestry 
actually  squandered  the  ratepayers'  money  to  the  tone  of 
over  XI, 000  in  opposing  the  Bill,  but  their  efforts  were 
unsuccessful,  and  the  Bill  became  an  Act  The  West 
Metropolitan  Tiamway  Company  then  set  to  work  in  order 
to  carry  out  their  powers,  it  being  their  intention  to  employ 
the  Lineff  open  -  conduit  system.  The  opposition  of 
the  local  authorities  to  the  slot  <^d  particularly 
that  of  the  Hammersmith  Vestry,  was  so  great,  that  the 
idea  of  laying  down  the  system  was  abandoned. 

The  Act  remained,  for  the  time  being,  a  dead  letter,  as 
although  it  authorised  the  use  of  electric  traction,  yet,  we 
believe,  no  specific  powers  were  given  allowing  the  company 
to  break  open  the  roadway  to  lay  down  the  conductor. 

Time  passed  away,  and  the  Lineff  closed-conduit  system 
was  elaborated.  Inis,  of  course,  entirely  surmounted  the 
objections  raised  against  the  slot  method,  it  was  proposed  to 
apply  this  system  either  on  the  Hammersmith-Kew  line,  or 
on  that  from  Young's  Corner  to  Uxbridge-road.  Three 
local  authorities  were  concerned:  the  Brentford  Local 
Board,  the  Chiswick  Local  Board,  and  the  Hammer- 
smith Vestry.  The  permission  of  each  of  these  was 
asked  to  lay  down  the  magnetic  conductor.  The  two  former 
readily  gave  their  consent,  but  the  latter,  with  its  over- 
cautiousness,  again  opposed  the  application  and  refused  to 
grant  it  It  seemed,  Uierefore,  that  no  system  of  electric 
traction  could  possibly  please  the  Hammersmith  Vestry, 
and  that  a  special  Act  would  have  to  be  obtained  authoris- 
ing the  breaking  up  of  the  roadway.  Pressure  was, 
however,  brought  to  bear  upon  that  authority,  and  with 
apparently  good  results.  The  Vestry  has,  we  are  pleased 
to  learn,  decided  to  grant  the  application  of  the  tramway 
company,  "  subject  to  a  favourable  report  being  received 
from  an  expert  whom  they  will  appoint"  The  expert  to 
report  to  the  Vestry  is,  we  believe,  Prof.  Kennedy. 

The  batde  now  appears  to  be  over,  and  we  may 
expect  to  see,  in  the  course  of  a  few  months,  a  prac- 
tical working  line  on  the  Lineff  closed-conduit  system  in  the 
West  of  London.  That  nearly  three  years  should  have  been 
wasted  owing  to  the  opposition  of  mainly  one  local  autho- 
rity, conveys  a  moral  which  ought  not  to  be  disregarded. 
Life  is  not  worth  living  if  we  have  to  wait  for  absolute 
perfection,  and  when  a  scheme  is  known  to  be  commercially 
workable,  there  ought  to  be  the  possibility  of  testing  it 
on  a  practiod  scale  long  before  the  expiration  of  three 
years. 


THE  NEW  CABLES  BETWEEN  PERU  AND  CHILL 


The  cable  steamer  '*  Silvertown,"  owned  by  the  India 
Rubber,  Gutta  Percha,  and  Telegraph  Works  Company 
(generally  known  as  the  Silvertown  Company),  left  Oreen- 
hithe  on  October  1 1  for  the  west  coast  of  South  America. 

On  the  preceding  day  (Oct  10)  a  large  company  of  guests 
met  at  lunch  on  board  the  ship  at  Greenhithe,  to  bid  fare- 
well to  their  friends  and  to  wish  the  expedition  *'  God- 
speed." 

Thanks  to  the  kindness  of  some  of  the  gentlemen  con- 
nected with  the  company,  we  were  able  to  obtain  a  few 
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eztremitiea,  are  in  contact  with  the  lead  of  the  roof.  The 
highest  spire  was  found  after  the  storm  to  be  bulged  and  black- 
ened at  the  junction  of  the  iron  with  the  lead.  There  are 
numerous  metal  rhones  or  drain-pipes  down  the  walls  for  carry- 
ing off  the  rain  water.  These  are  in  contact  with  the  leadwork 
of  the  roof  above,  but  no  provision  is  made  for  earthing  them 
below  ;  in  fact,  they  are  built  into  brick  drains.  When  I  add 
that  there  is  no  lightninc^  conductor,  and  that  the  house  is  built 
on  a  thin  layer  of  soil  covering  rock,  it  will  be  seen  that --the 
existence  of  the  telophone  wires  being  taken  into  account — all 
the  elements  necessary  for  a  first-class  catastrophe  were  present. 
The  absence  of  a  conductor  was  accounted  for  by  saying  that 
when  the  house  was  built  the  architect  stated  that  one  was 
unnecessary.  The  proprietor  was  especially  desirous  of  know- 
ing how  the  electric  light  and  telephone  wires,  which  were 
wholly  under  cover  and  cased  in,  came  to  be  struck.  The 
explanation  is  not  difficult.  As  is  well  understood,  lightning  is 
a  discharge  between  two  areas  (these  areas  corresponding  to 
the  coatings  of  a  Leyden  jar)  highly  charged  by  electricity  of 
the  opposite  signs.  The  clouds  usually  form  one  of  these  areas, 
and  a  high  or  prominent  object  on  the  earth  the  other.  The 
principal  path  of  a  discharge  is  always  that  of  the  least 
resistance,  or  best  conductivity,  although  partial  discharges 
may  likewise  occur  simultaneously  by  less  perfect  routes,  and 
the  discharge  takes  place  as  soon  as  the  accumulated  tension  is 
high  enough  to  overcome  the  resistance  between  the  areas.  A 
high  point  on  the  earth's  surface  is  generally  selected  by  the 
li^tning,  because  whatsoever  its  nature  it  is  usually,  owing  to 
the  presence  of  moisture  on  its  surface  or  in  its  pores,  a  better 
conductor  than  the  air  surrounding  it.  If  it  is  a  perfect  con- 
ductor or  supports  a  perfect  conductor  of  sufficient  capacity  in 
connection  with  {the  earth  and  with  all  adjacent  metallic 
masses,  the  discharge  passes  from  its  extremity  to  its  base 
without  developing  any  noticeable  phenomena  ;  at  any  rate 
nothing  which  is  Bkely  to  cause  danger  to  life  or  property, 
although  it  has  been  asserted  that  in  the  case  of  a  very  violent 
flash  side  discharges  from  the  conductor  of  dangerous  moment 
occur  in  spite  of  the  best  earth  connection.  This,  however, 
has  been  mferred  rather  from  laboratory  experiments  than 
actually  proved.  If  the  precautions  which  I  shall  endeavour  to 
prescribe  and  impress  upon  you  as  necessary  are  faithfully 
followed,  such  siae  discharges,  should  they  happen,  would 
probably  be  of  inconsequence.  A  flash  may  very  likely  leap 
from  the  conductor  to  neighbouring  masses  of  metal  if  these 
are  connected  to  earth,  and  not  to  the  conductor,  especially  if 
the  earth  of  the  conductor  itself  is  a  poor  one  ;  but  so  leaving 
them  without  a  metallic  link  to  the  conductor  would 
be  a  trifling  with  experience.  On  the  other  hand,  if 
one  or  more  sections  of  bad  conductivity  intervene  between 
the  summit  and  the  earth,  the  discharge,  although  it 
will  pass,  will  no  longer  do  so  harmlessly,  but  will  develop 
explosive  violence  at  the  badly  conducting  gaps.  Its  general 
course  will  still  be  the  path  of  least  resistance,  but  it  may  fly 
to  and  traverse  any  metal  that  lies  in  anything  like  a  direct  line 
between  the  summit  and  the  earth  even  if  that  metal  only  offers 
a  path  of  a  few  feet.  This  tendency  to  leave  the  conductor 
will  be  increased  proportionally  as  the  earth  connection  is 
imperfect,  a  fact  that  will  account  in  the  case  under  considera- 
tion for  the  lightning  striking  the  electric  light  wires  ;  they, 
although  covered  and  unconnected  with  the  earth,  offered  the 
path  of  least  resistance  for  a  portion  of  the  distance,  and  formed 
a  connecting  link  between  the  point  at  which  the  lightning 
entered  the  dwelling  and  the  point  at  which  it  left. 

The  enquiry  seemed  to  indicate  a  discharge  from  the  valley 
to  the  clouds,  vid  the  telephone  wires,  electric  light  leads, 
chimneys  and  spires,  the  intervening  air  spaces  within  the  house 
being  jumped.  The  lightning,  on  this  assumption,  entered  the 
wires  at  the  stables  by  leaping  from  the  old  telegraph  earth  to 
the  telephone  terminals,  and  by  piercing  the  insulation  at 
and  on  each  side  of  the  stream.  Arriving  at  the  house, 
it  jumped  from  the  telephone  terminals  to  the  box  contain- 
ing the  electric  light  fuses  and  thence  travelled  by  the 
leads  into  every  room  in  the  house.  There  it  jumped  to 
grates,  pipes,  and  other  metallic  masses,  and  so  to  the 
metal  of  the  roof  and  away.  A  noteworthy  point,  and  one 
which  is  replete  with  instruction  to  electricians,  is  that  had  the 
house  not  possessed  telephonic  connection  with  the  valley  it 
might,  owing  to  its  position  on  a  badly-conducting  rock,  have 
escaped  altogether ;  and  had  it  not  had  electric  light  and  bell 
leads  in  every  room  it  still  might  have  escaped  in  spite  of  the 
telephone  wires.  On  the  other  hand,  had  not  such  a  golden 
bridge  as  was  offered  by  the  leads  existed,  a  leap  from  the  base- 
ment to  the  roof -through  the  body  of  the  house  might  have  been 
attended  by  utterly  disastrous  consequences.  But  the  accident  does 
not  teach  that  we  should  deny  ourselves  the  advantages  attendant 
on  telephones  and  electric  lights.  It  teaches  rather  that  these 
convemences  may  be  a  source  of  danger  if  inconsiderately  and 
carelessly  fitted,  just  as  gas  or  stoves,  or  lamps  may  become 
centres  of  danger  if  ignorantly  or  recklessly  dealt  with.  When 
telephone  wires,  and  especially  metallic  circuits,  are  taken  into 
a  building,  they  should  be  fitted  as  near  the  point  of  entry  as 
possible,  with  a  good  lightning  discharge.     Thi^  ne<;essity  I 


recognised  several  years  ago  as  a  consequence  of  more  than  one 
accident,  since  when  all  metallic  circuits  constructed  by  the 
National  Telephone  Company  have  been  so  fitted.  Such  a  dis- 
charge, costing  only  a  few  pence,  would  in  all  probability  have 
shunted  the  lightning  to  earth,  and  the  inmates  of  the  house 
mi(^ht  not  have  even  been  aware  that  a  discharge  had  taken 
place.  Telephones  working  with  an  earth  return  do  not  require 
such  care  as  metallic  circuits. 

A  discharge  of  lightning  through  a  conductor  may  be  roughly 
illustrated  by  hydraulic  analogy.  Let  us  suppose  a  long  perpen- 
dicular pipe  with  a  number  of  lateral  holes  at  intervads,  its 
bottom  extremity  opening  into  a  large  empty  cavity.  A  m^us 
of  water  caused  to  fall  suddenly  into  its  upper  end  nould 
descend  through  the  pipe  into  the  cavity,  and  liaving  no  resist- 
ance but  the  friction  of  the  pipe  and  the  resistance  of  the  air  in 
the  pipe  to  overcome,  it  would  so  fall  without  any,  or  but  little, 
of  the  water  escaping  through  the  lateral  holes.  This  answers 
to  a  lightning-conductor  of  sufficient  capacity  having  a  good 
earth.  A  pipe  of  small  diameter  opening  into  a  large  cavity 
would  represent  a  conductor  of  insufficient  capacity,  though 
with  a  good  earth.  Through  this  thin  pipe  the  water  could  only 
flow  comparatively  slowly,  and  the  tendency  to  leakage  through 
the  lateral  holes  would  be  considerably  increased. 

Now,  imagine  a  large  pipe  with  an  obstacle  placed  at  its 
bottom  so  that  the  diameter  is  reduced  one-half,  or  a  large  pipe 
opening  into  a  cavity  incapable  of  containing  the  water  let 
down  ;  then  the  water  descending  with  a  tremendous  impact  a 
partially  stopped  by  the  obstacle,  or  by  the  filling  up  of  the 
cavity.  The  water  will  rebound  and  spurt  violently  out  of  the 
lateral  holes.  This  corresponds  to  a  conductor  of  sufficient 
capacity  connected  to  an  insufficient  earth,  and  the  effects  will 
be  exaggerated  proportionally  as  the  aperture  at  the  bottom  is 
reduced.  If  the  same  pipe  is  taken  with  the  bottom  end  plugged 
up  the  stoppage  and  spurting  of  the  water  will  be  greatly 
augmented,  and  perhaps  the  pipe  will  burst  from  the  suddenly 
exerted  lateral  pressure.  This  answers  to  a  conductor  with  a 
very  imperfect  earth.  The  analos;y  is  striking  here  ;  the  water, 
like  the  electricity,  is  seeking  earth — ^its  lowest  level — ^but 
failing  to  find  it  through  the  pipe  spurts  or  bursts  out  laterally, 
and  then  recommences  its  descent  by  the  nearest  channel  it  can 
find.  The  water  may  have  to  turn  corners  and  run  down  flights 
of  stairs  on  the  way,  so  the  electricity  may  have  to  avail  itself 
of  anything  conducting,  whether  it  lies  directly  in  the  path  or 
not. 

I  now  propose  to  detail  the  recommendations  I  have  made 
with  the  view  of  preventing  a  recurrence  of  the  accident  at  this 
particular  house.  The  example  is  a  peculiar  one  in  more  than 
one  respect,  but  still  the  recommendations  embody  the  precau- 
tions which,  with  variations  due  to  local  surroundings,  are 
necessary  in  every  case.  The  main  object  is  obviously  to  pro- 
vide a  path  of  small  resistance  between  the  roof  and  the  nearest 
earth.  Owing  to  the  rocky  foundations  of  the  house  this  would 
seem  to  be  at  the  stream  in  the  valley  and  its  vicinity,  as  the 
unusual  mercy  of  a  pioneer  flash  has  clearly  enough  indicated. 

The  leaden  roof,  with  its  spires  which  rise  above  everything, 
may  be  left  as  it  is,  but  seeing  that  rarefied  air  and  soot  are  both 
conductors — comparatively  poor  ones,  it  is  true,  but  still  almost 
infinitely  superior  to  air  at  the  normal  pressure — and  that  there 
are  something  like  40  chimneys  opening  above  the  roof,  it  is 
obvious  that,  taken  collectively,  the  chimneys,  especially  when 
fires  are  on,  present  a  conducting  surface  of  very  large  area,  and 
consequently  of  low  resistance  between  the  interior  of  the  house 
and  the  atmosphere  above  it.  When  fires  are  burning  this  con- 
ducting surface  may  extend,  in  the  shape  of  a  column  of  rarefied 
air,  considerably  above  the  highest  spire.  To  prevent  the  elec- 
tricity selecting  this  conducting  path  of  chimneys  in  parallel  a 
better  one  must  be  provided,  and  this  can  fortunately  be  accom- 
plished, as  pointed  out  by  Dr.  Lodge,  by  erecting  a  skeleton  ca^ 
of  wire  provided  with  a  few  pointed  upright  pieces  above  each 
group  of  vents,  so  that  it  may  be  enveloped  by  the  rarefied 
air  ascending  therefrom.  Each  cage  should  hava  a  soldered 
connection  te  the  leaden  roof,  or  by  means  of  an  iron  wire 
direct  to  one  of  the  conductors.  These  conductors  may  consist 
of  at  least  four — preferably  more — galvanbed  iron  wires  (No.  4 
B.W.G.)  carried  from  soldered  connections  with  the  metal  of 
the  roof  to  the  ground  at  as  many  different  parts  of  the  house 
— say,  at  each  comer  and  at  convenient  intermediate  points, 
and  thence  continued  without  break  of  continuity — and  buried 
without  boxing  in  a  trench  dug  close  to  the  boxing  containing  the 
telephone  wires  as  far  as  the  stream  in  the  valley.  The  stables 
should  be  similarly  treated,  all  the  metal  ridges  of  the  roof, 
gutters,  ete.,  being  joined  together  by  wire,  at  least  one  point 
projecting  above  everything  else,  and  thence  by  means  of 
two  No.  4  wires  laid  in  a  trench  also  as  far  as  the 
stream.  There  the  water  should  be  temporarily  dammed  bock 
or  diverted,  and  a  hole  excavated  in  the  bed  of  the  stream  some 
3ft.  deep  by  3ft.  square.  Into  the  hole  a  few  bushels  of  retort 
carbon  from  a  gas  works  should  be  rammed  ;  some  12ft.  of  each 
of  the  six  iron  wires — four  from  the  house  and  two  from  the 
stables — should  be  coiled  upon  the  carbon ;  then  some  mora 
carbon  well  rammed  down.  Finally,  the  hole  should  be  filled 
by  well-rammed  ooil  (not  rock)  and  the  water  allowed  to  flow 
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over  it.  If  inconTonient  to  dam  or  divert  the  stream,  the  hole 
may  be  dug  at  one  side  of  the  water,  and  the  water  admitted 
over  it  when  completed.  There  will  then  exist  from  the 
highest  point  of  the  house  to  the  highest  point  of  the 
stables  a  conductor  making  good  earth  at  one  place  at 
least  and  as  good  as  the  nature  of  the  soil  will  permit  at  all 
others  along  the  route,  which  is  approximately  that  of  the 
telephone  wires.  In  the  presence  of  such  an  arrangement  there 
would  be  no  inducement  for  electricity  to  jump  through  several 
feet  of  air,  and  pierce  thick  guttapercha  insulation  to  invade 
the  telephone  wires.  Further,  in  the  house,  all  systems  of 
pipes  or  other  masses  of  metal,  such  as  grates,  boilers,  etc., 
should  have  connections  with  at  least  one  of  the  conductors. 
Such  connections  may  be  of  No.  5  B.W.G.  galvanised  iron  wire, 
and  should  be  soldered  wherever  possible.  Of  course,  neither 
the  electric  light,  nor  the  electric  bell,  nor  the  telephone  wires 
can  be  so  connected  without  interfering  with  their  proper 
functions.  This  is  a  little  unfortunate,  but  they  may  be  dealt 
with  by  encasing  a  couple  of  feet  of  each  of  them  in  metal  pipes 
with  indiarubber  or  porcelain  rings  between  the  leads  and  pipe, 
10  as  to  make  actual  metallic  contact  impossible,  while  at  the 
lame  time  providing  the  shortest  possible  path  for  lightning 
between  the  three  sets  of  leads.  This  woidd  be  attamed  by 
connecting  the  three  lengths  of  pipe  together  and  to  the  cour 
ductors  by  means  of  a  No.  5  galvanised  iron  wire  soldered.  In 
addition,  the  telephone  wires  should  be  fitted  with  an  ordinary 
discharge  at  their  place  of  entry.  The  object  of  these  branch 
connectiona  is,  of  course,  to  prevent  any  jumping  in  the  house 
whatever  may  happen  in  future.  If  the  main  earth  connection 
became  insufficient  from  any  cause  the  lightning  would  again 
make  for  the  stream  vid  the  telephone  wires,  but  if  all  metallic 
masses  in  the  house,  and  the  light  and  telephone  wires,  are 
treated  as  described,  it  would  do  so  without  any  dangerous  dis- 
chaige.  The  only  jump  would  be  across  the  air  space  between 
the  tubes  and  leads  inside  them  and  through  the  insulation,  and 
this  would  be  entirely  harmless. 

I  recommend  iron  wire  because — ^for  the  theoretical  reasons 
sdduced  by  Prof.  Hughes  and  Dr.  Oliver  Lodge,  into  which  I 
have  no  time  to>day  to  enter,  and  with  which  many  of  you  are 
no  doubt  perfectly  familiar — ^iron  is  now  widely  admitted  to  be 
aa  effective  as  copper  for  currents  appertaining  to  the  character 
of  lightning,  and  because  iron  has  been  employed  habitually  in 
America,  in  France,  and  elsewhere  for  a  long  period,  and  there 
is  no  evidence  forthcoming  to  show  that  the  percentage  of  acci- 
dents in  those  countries  has  been  greater  than  in  Great  Britain, 
which  has  hitherto  adhered  rigorously  to  copper.  True,  some 
authorities  still  advocate  the  use  of  oopper,  but  the  greater  cost 
of  that  metal  precludes  its  employment  so  libenJly  about  a 
building  as  could  be  wished,  and  when  the  greatest  use  has  to 
be  made  of  a  certain  sum  I  consider,  theoretical  reasons  apart, 
that  it  is  beyond  comparison  wiser  to  invest  that  sum  in  six  or 
eight  iron  conductors  than  in  one  or  two  copper  ones.  Oopper 
would  be  preferable  on  account  of  its  greater  durability  when 
buried,  but  still  ^vanised  iron  will  endure  for  years  when  so 
treated.  Theoretically,  a  conductor  of  flat  section  like  hoop  iron 
would  be  better  than  wire,  but  is  more  liable  to  decay.  In 
sddition  to  such  conductors  as  described  being  fitted,  the 
existing  drain-pipes  should  be  connected  to  the  roof  by  soldered 
wires  or  bands,  and  connected  at  their  lower  extremities  to  the 
oondnctora  by  a  No.  5  galvanised  iron  wire  carried  round  and 
Boldered  to  each  of  them,  and  a  flagstaff  standing  about  20  yards 
from  the  house  should  have  an  iron  wire  run  up  it  and  connected 
to  the  conductors.  In  fixing  the  cables  sudden  bends  or  changes 
of  direction  should  be  avoided.  If  all  these  precautions  are 
taken,  and  the  connections  are  examined  from  time  to  time  and 
repaired  when  necessary,  the  chances  of  another  visitation  from 
lightning  will  be  very  remote. 

As  before  remarked,  the  recommendations  are  designed  for  a 
special  case,  and  would  not  be  applicable  in  all  their  details  to 
many  others.  Still,  to  secure  immunity  from  lightning,  certain 
invariable  precautions  have  to  be  taken  in  all  cases.  These  are 
specially,  firstly,  having  at  least  one  metal  point — multiple 
points  are  much  better — ^m  as  perfect  connection  with  the  earth 
as  possible,  preferably  by  several  paths,  raised  above  all  stone, 
wood,  and  other  non-conducting  portions  of  the  building.  These 
points  shoold  be  preferably  over  or  quite  dose  to  the  chimneys 
unless  wire  cages  are  provided  specially  for  them  ;  secondly, 
connecting  idl  pipes,  grates,  bell-wires,  and  other  masses  of 
metal  in  the  house  to  the  conductors,  preferably  by  means  of 
soldered  connections.  When  this  cannot  be  managed,  as  with 
light  and  telephone  leads,  then  by  providing  a  small  air  space 
scross  which  the  discharge  may  jump  harmlessly.  Thirdly,  by 
securing  a  good  earth.  When  a  house  is  buUt  on  rock,  or  on  a 
thin  stratum  of  soil  over  rock,  or  on  chalk,  this  point  requires 
special  attention  and  study.  Where  gas  and  water  pipes  exist, 
they  should  be  joined  to  the  conductors  both  above  and  below 
the  ground,  and  gas  atid  water  meters  should  be  bridged  by 
soldered  No.  5  wire.  Even  when  water-pipes  exist  Dr.  Lodge 
considers  it  better  to  provide  a  separate  earth  for  the  con- 
ductor— ^also  attaching  it  to  the  pipes — ^but  this  is  a  refinement 
I  have  not  myself  adopted  when  good  water  mains,  always  full, 
and  jointed  with  lead,  have  been  at  hand, 


These  are  the  three  important  points  to  keep  in  view  in 
designing  protective  systems  for  buildings,  and  the  architect  or 
engineer  should  see  personally  that  his  design  is  carried  out.  If 
such  precautions  were  general,  we  should  hear  less  of  mysterious 
fires  than  we  do.  One  thing  has  been  brought  out  over  and 
over  again  in  connection  with  lightning  conductors.  Ordinary 
workmen  are  quite  untrustworthy,  and  require  constant 
supervision. 

In  conclusion,  I  am  able  to  show  you  some  effects  of  a  recent 
lightning  storm,  which  emphasise  the  necessity  of  having  the 
highest  point  of  any  structure  earthed.  Last  month  a  telephone 
wire  erected  on  the  tops  of  poles  between  Murtle  and  Cults  in 
Aberdeenshire  was  struck.  The  wire  was  out  of  use,  and  was 
insulated  at  both  ends,  so  that  the  lightning  found  no  vent  at 
the  extremities.  It  accordingly  struck  through  the  solid 
porcelain  insulalors  to  the  iron  bolts  supporting  them,  and 
jumped  thence  to  the  earth- wire,  which  was  stapled  up  the 
poles  to  within  an  inch  or  two  of  the  bolts.  It  shattered  the 
insulators  on  the  1st,  2nd,  7th,  15th,  and  35th  poles,  counting 
from  Murtle.  At  three  of  the  poles  the  wire,  No,  18  B.W.G. 
silicium  bronze,  was  fused,  and  at  the  foot  of  one  pole  the 
earth  was  disturbed  and  the  grass  burnt.  Three  of  the  insu- 
lators with  fragments  are  on  the  table  before  you  ;  the  others 
were  reduced  entirely  to  small  pieces,  many  of  which  could  not 
be  found.  On  one  of  those  before  you  a  metallic  deposit  from 
the  fused  wire  is  distinctly  visible.  Had  each  pole  carried  an 
earthed  point  raised  above  the  topmost  wire,  the  discharge 
would,  almost  to  a  certainty,  have  neglected  the  path  of  far 
higher  resistance  through  the  wire  and  porcelain,  and  idl 
damage  would  have  been  avoided. 

This  is  a  weak  point  in  our  telegraphic  practice,  common  to 
post  office,  railway  and  telephone  companies,  and  one  which  I 
have  raised  my  voice  against  for  a  good  many  years  past.    In 


B 


%  s 


^» 


^  rscT 


the  figure,  A  shows  the  ordinary  method  of  terminating  the 
earth-^ire,  which  leaves  the  topmost  line  unprotected,  and  B 
the  method  I  have  adopted  with  the  object  of  shielding  it. 

In  house  practice  the  analogy  to  the  short  earth-wire  is  a 
system  of  gas  or  water  pipes,  beU  or  other  wires,  extending  up 
to,  say,  the  attics,  with  a  non-conducting  structure  of  plaster, 
wood,  and  slates  intervening  between  the  highest  point  touched 
by  the  metal  and  the  air  of  the  house.  This  non-conducting 
stratum  absolutely  does  not  exist  when  lightning  is  in  question, 
and,  in  the  event  of  a  discharge  occurring  between  the  metal 
in  the  house  and  the  clouds  above,  would  be  shattered  and 
scattered  just  as  you  see  these  insulators  have  been.  It  is  a 
curious  question  what  the  precise  nature  of*  the  force  is  that 
splits  porcelain  in  the  manner  shown.  The  destruction  of  trees 
and  telegraph  poles  by  lightning  has  been  attributed  to  the 
sudden  generation  of  steam  in  the  pores  of  the  wood  due  to  the 
heat  of  the  discharge  or  to  expansion  by  the  heat  of  the  air 
which  the  wood  contains;  but  in  porcelain  there  is  neither 
moisture  nor  air  ;  yet,  as  you  see,  when  it  chanoea  to  intervene 
in  the  path  of  the  least  resistance,  that  does  not  prevent  it  from 
bein^  split  up  and  utterly  destroyed, 
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BOARD  OF  TRADE  RULES. 


RiouzunoMB  AND  CoKDiTioira  FOB  Seoubino  thb  Savitt  of  the 

PUBUO  AKD  FOB  EnSUBUY 0  A  PBOPEB  AND  SUFFIOIBIIT  SUPFLT 

OF  EiiicrnaoAL  Enbbot,  madb  bt  thb  Boabd  of  Tbadb 

UNDXB    THB    PbOVISIONS    OF    THB    ELBOTBIO    LIOHTINO    AoT8, 

1882  AKD  1888,  AND  OF  THB  Mbtbopolitan  Elbotbio  Supply 
CoMPANT  (Wbst  London)  Lighting  Obdeb,  1889. 

In  the  following  regulations — 

The  ezpreBsion  *'  the  order"  means  the  Metropolitan  Electrio 
Bopply  Company  (West  London)  Lighting  Order,  1889. 

The  ezprMsion  <<  the  undertakers"  means  the  undertakers  for 
thepnrpoee  of  the  order. 

Tne  espression  "oonsumer"  means  any  body  or  person 
supplied  or  entitled  to  be  supplied  with  energy  by  the  under- 


The  expression  '*  consumer's  terminals"  means  the  ends  of  the 
electric  hues  situate  upon  anv  consumer's  i)remiBes  and  belonging 
to  him  at  which  the  supply  of  energy  is  delivered  from  the 
serrice  lines. 

The  expression  "  consumer's  wires  "  means  any  electric  lines 
on  a  consumer's  premises  which  are  connected  with  the  service 
lines  of  the  undertakers  at  the  consumer's  terminals. 

The  expression  *'  aerial  conductor  "  means  any  conductor  which 
is  pAaoed  i^ve  ground  and  in  the  open  air. 

The  expression  "pressure"  means  the  difllBrence  of  electrical 
potential  between  any  two  conductors  through  which  a  supply  of 
energy  is  given,  or  between  any  part  of  either  conductor  aid  the 
earth ;  pressure  on  any  alternating-current  system  being  taken  to 
be  the  equivalent  of  pressure  on  a  continuous  •  current 
system  when  it  produces  an  e^nal  heating  effect  if  applied  to 
tne  ends  of  a  thu  stretched  wire  or  carbon  filament ;  and  (a.) 
Where  the  conditions  of  the  supply  are  such  that  the  pressure 
cannot  at  any  time  exceed  300  volts,  if  continuous,  or  the  equiva- 
lent of  160  volts,  if  alternating,  the  supply  shall  be  deemed  a  low- 
pressure  supply  ;  (6.)  Where  the  conditions  of  the  supply  are  such 
that  the  pressure  may  exceed  the  limits  of  a  low-pressure  supply, 
but  cannot  exceed  3,000  volts,  or  the  equivalent  of  3,000  volts, 
whether  oontinuous  or  alternating,  the  supply  shall  be  deemed  a 
high-pressure  supply  ;  («.)  Where  the  conditions  of  the  supply  are 
such  that  the  pressure  may  on  either  svstem  exceed  3,000  volts,  or 
the  equiv^ent  of  3,000  volts,  the  supply  shall  be  deemed  an  extra 
high-pressure  supdiy. 

Aiains,  service  lines,  and  other  conductors  and  apparatus  are 
referred  to  as  low-pressure,  high-pressure,  and  extra  high-pressure 
mains,  etc.,  aocoraing  to  the  conditions  of  the  supply  oelivered 
through  the  same  or  particular  portion  thereof. 

Provided  that  in  the  case  of  oonductors  laid  under  the  surface  of 
the  ground  in  conduits,  in  accordance  with  these  regulations,  and 
being  the  property  or  under  the  sole  charge  of  the  undertakers, 
low-pressure  conductor  shall  mean  any  conductor  in  which  the 
pressure  between  that  conductor  and  the  earth  cannot  at  any  time 
u  continuous  exceed  300  volts,  or  if  alternating,  150  volts,  or 
between  that  conductor  and  any  other  conductor  laid  in  the  same 
oonduit  cannot  at  any  time  if  continuous  exceed  600  volts,  or  if 
alternating,  260  volts. 

When  any  oasing,  support  for  oonductors,  conducting  wire,  or 
other  metallic  body  is  required  to  be  efficiently  connected  to  earth, 
it  shall  be  deemea  to  be  so  connected  when  it  is  connected  to 
metallie  mains  for  water  supply  outside  of  buildings,  or  where 
these  are  not  available,  to  a  mass  of  metal  having  a  total  surface 
of  at  least  four  square  feet,  buried  to  a  depth  of  at  least  3ft.  in 
moist  earth,  by  means  of  a  conductor  possessing  mechanical 
strength,  and  o&ring  a  passage  to  electrioed  dischiurges  equal  to 
that  oi  a  strand  of  seven  Na  16  galvanised  iron  wires. 

The  expression  "  daily  penalty  "  means  a  penalty  for  each  day 
on  which  any  offence  is  continued  after  conviction  thereof. 

All  other  expressions  to  whioh  meanings  are  assigned  in  the 
order  or  principal  Act  have  the  same  respective  meanings  in  these 
gegnlations, 

L^Rbovlations  as  to  Safbtt. 

Oeneral, 

1.  Save  as  hereinafter  provided,  the  supply  of  energy  delivered 
to  the  consumer's  terminals  shall  be  a  low-pressure  supply. 

2.  A  high-pressure  supply  shall  not  be  delivered  to  any  con- 
somer's  terminals,  except  for  special  purposes,  and  with  the 
approval  of  the  Board  of  Trade  on  the  joint  application  of  the 
oonsum^''  and  the  undertakers,  and  subject  to  such  further  regula- 
tions as  the  Board  of  Trade  may  from  time  to  time  prescribe.  But  a 
high-pressure  supply  may  be  given  to  distributing  or  converting 
stations  or  points,  or  to  distributing  mains,  in  aooordance  with 
the  following  reflations. 

3.  An  extra  high-pressure  supply  shall  not  be  given  except  to 
distributing  stations  or  other  premises  in  the  sole  occupation  of 
the  undertakers,  and  with  the  written  consent  of  the  board  of 
Trade,  and  subject  to  such  r^gulaUons  and  conditions  as  the  Board 
may  preaoribeu 

Mama  and  other  Coadudon. 

4.  The  maximum  working  current  shall  not  be  sufficient  to  raise 
the  temperature  of  the  conductors  or  an^  parts  thereof  to  such  an 
extent  as  to  materially  alter  the  physical  condition  or  specific 
re^staooe  of  the  insulating  covering,  if  any,  or  in  any  case  to  nuse 
Booh  temperature  to  a  greater  extent  than  30deg.  M  Fahrenheit's 
tharmometer:  sod  efficient  automatic  mwinn  shall  be  provided 


which  will  render  it  impossible  for  this  maximum  working  ounent 
by  any  accident  to  exceed  such  limit  to  tho  extent  of  SO  per  oentmn, 
even  for  short  intervals  of  time,  and  special  care  shall  be  Uikm 
that  the  cross-sectional  area  and  conductivity  at  joints  we 
sufficient  to  avoid  local  heating,  and  that  the  joints  are  protected 
against  corrosion. 

5.  Where  any  portions  of  any  conductors  are  exposed  m  such  a 
position  as  to  be  liable  to  be  affdcted  by  lightning,  they  shall  be 
efficiently  protected  against  accident  by  appliances  of  such  pattern 
and  construction  as  may  from  time  to  time  be  approved  by  the 
Board  of  Trade.  . 

6.  Where  any  high-pressure  oonductors,  other  than  aenal  oc»- 
ductors,  are  placed  above  the  surfsoe  of  the  ground,  they  shall  be 
completely  enclosed  in  brickwork,  masonry,  or  cement  concrete,  or 
in  strong  metal  casing  efficiently  connected  to  earth. 

7.  Where  any  high-pressure  conductors  are  laid  in  subways,  or 
in  the  same  conduiU  with  any  low-pressure  oonductors,  they  sh^ 
be  completely  enclosed  in  strong  metal  casing  efficiently  oonnected 

to  earth. 

8.  Where  any  high-pressure  conductor  is  laid  witlun  a  less 
distance  than  18in.  fiom  any  low-pressure  conductor  or  from  the 
surface  of  the  ground,  or  where  any  low-pressure  oonductor  ii 
laid  within  the  above-mentioned  distance  from  any  previonaly  laid 
high-pressure  conductor,  efficient  means  shall  be  taken  to  render 
it  impossible  that  the  low-pressure  conductor  or  the  surface  of  the 
ground  shall  become  electrically  charged  by  any  leakage  from  or 
defect  in  the  high-pressure  conductor. 

9.  Every  high-pressure  conductor  shall  be  oonUnnonsly  iimi- 
lated  with  a  durable  and  efficient  material,  which  shall  be  protected 
on  the  outside  against  injury  or  removal  by  abrasion*  and  efvsty 
such  conductor  £all  be  tested  for  insulation  after  having  been  laid 
in  position  and  before  any  joints  for  service  lines  are  mado.  Tlie 
insulation  resistance  under  these  conditions  shall  not  be  less  in  any 
section  of  the  conductor  than  at  the  rate  100,000  ohms  per  mile  for 
every  volt  of  pressure  of  the  supply  under  a  testing  pressure  of  at 
least  100  volts,  and  the  undertakers  shall  duly  record  the  resoltB  ctf 
the  tests  of  each  conductor,  or  section  of  a  oonductor,  and  at  ^ 
times  permit  an  electric  inspector  to  examine  and  take  oofiles  of 
such  record.  ^ 

10.  The  insulation  resistance  of  any  complete  eireoit  need  for 
high-pressure  supply,  including  all  devices  for  pjPodiH3ins»  oon- 
suming,  or  measuring  ener^,  oonnected  to  such  drcnit,  snail  be 
such  tEat  should  any  part  Sf  the  cirouit  be  put  to  earth  Huxw^ 
a  resiBtanoe  of  2,000  ohms,  the  leakage  current  shall  not  ozoeed 
0*04  ampere  in  the  case  of  oontinuous  currentB,  or  0*02 
ampere  m  the  case  of  alternating  currents.  Every  such 
cirouit  shall  be  fitted  with  an  instrument  of  such  pattern  and  con- 
struction as  may  from  time  to  time  be  approved  by  the  Board  d 
Trade,  which  shall  immediately  indicate  any  defect  which  may  at 
any  time  occur  in  the  insulation  resistance  of  rither  conductor. 
Every  such  cirouit  shall  be  tested  for  insulation  at  least  once  in 
every  week,  and  the  undertakers  shall  duly  record  the  results  of 
such  testines,  and  at  all  tunes  permit  an  electric  inspector  to 
examine  ana  take  copies  of  such  record. 

11.  In  the  case  of  a  high-pressure  supply  on  any  alternating- 
current  system,  where  separately  insulated  conductors  are  laid  m 
the  same  conduit,  or  pass  through  the  same  boxes,  preoautions 
shall  be  taken  agunst  the  discharge  of  electric  sparks  between  the 
insulating  covering  of  opposite^  chaiged  conductors,  by  pro- 
viding a  sufficient  connection  of  a  cononcting  nature  from  one 
covenng  to  the  other  throughout. 

CondiiiUm 

12.  All  conduits  used  as  receptacles  for  oondootora  shall  be 
constructed  of  durable  material,  and  of  ample  strength  to  resist 
any  pressure  due  to  heavy  traffic  or  other  forces  to  which  they 
may  oe  expected  to  be  subjected. 

13.  Where  the  conductors  in  any  conduit  are  not  continuously 
insulated,  adequate  precautions  shall  be  taken  to  ensure  that  no 
accumulation  of  water  shidl  take  place  in  any  part  sufficient  to 
raise  the  level  of  the  water  into  contact  with  the  conductors. 

14.  AH  conduits  for  conductors  constructed  in  streets  In  which 
gas  mains  are  also  laid,  shall  be  efficiently  protected  against  aa 
accumulation  of  gas. 

16.  All  street  boxes  shall  be  efficiently  protected  against  aa 
accumulation  of  sas  or  water,  and  their  covers  so  secured  that  tbey 
cannot  be  opened  exoept  by  mean  of  a  special  appUaooe. 

Converting  Statume, 

16.  Converting  stations,  or  points  in  a  system  of  distribution 
to  which  a  hif^h-pressure  supply  is  given  from  generating  stations, 
and  from  which  a  low-pressure  supply  is  given  to  one  or  more 
consumers,  and  which  are  not  on  the  consumer's  premises,  shall 
be  established  in  suitable  pUoes,  which  are  in  the  sole  oocupatioo 
and  charge  of  the  undertakers. 

17.  La  every  case  where  the  supply  is  transformed  at  a  convert 
ing  station  as  described  in  the  preceding  rsgulatioo,  some  means 
or  apparatus  approved  by  the  Board  of  T»de  shall  be  provided 
which  shall  renoer  it  impossible  that  the  low-pressure  distributing 
mains  shall  be  at  any  time  charged  to  a  dangerous  difference  of 
potential  from  the  earth,  owing  to  any  accidental  contact  with,  or 
leakage  from,  the  high-pressure  system  either  within  or  without  the 
converting  station. 

Oonenmer^B  Premiaee.  ^ 

18.  Where  the  general  supply  of  energy  is  a  high-preswre 
supply,  and  transtorming  apparatus  Lb  installed  on  the  consumer's 
premises,  connected  to  the  distributuig  mains  by  high-pre^re 
service  lines,  and  to  the  consumer's  terminals  by  low-preMore 
service  lines,  the  whole  of  the  high-pressure  service  lines,  con^Qc* 
torSi  and  apparatus,  including  the  traasforming  apparatus  11     ^ 
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■o  far  as  tii^  ■hall  be  on  the  oonsamer's  premiMOy  shall  be  ooin- 
pleiely  enokwed  in  aolld  walLi,  or  in  strong  metal  casing  efficiently 
connected  to  earth,  and  securely  fastoied  throughout. 

19.  In  evwy  case  where  any  transforming  apparatus  is  installed 
on  the  consumer's  premises,  as  described  in  the  preceding  regula- 
tion, some  means  or  apparatus  approred  by  the  Board  of  ^mde 
shall  be  provided,  which  shall  render  it  impossible  that  the  low- 
pressure  servioe  lines  and  consumer's  wires  shall  be  at  any  time 
charged  to  a  dangerous  difference  of  potential  from  the  earth, 
owing  to  any  aocic&ntal  contact  with,  or  leakage  from,  the  high- 
pressure  systiom  either  within  or  without  the  transformer. 

20.  All  tenninals,  low-pressura  servioe  lines,  or  other  apparatus, 
between  the  transforming  apparatus  or  other  source  of  supply  and 
the  consumer's  terminals,  so  far  as  they  shall  be  on  the  consumer's 
premises,  shall  be  completely  enclosed  in  insulating  cases  or  coated 
with  insulating  material  in  such  a  manner  that  no  part  of  them 
can  be  touched^by  any  person  without  the  removal  of  such  case  or 
coating,  and  wherover  exposed  shall  be  efficiently  protected 
against  injury  to  the  insulation. 

21.  The  undertaken  shall  be  responsible  for  all  electric  lines, 
fittings,  and  apparatus  belonging  to  them,  or  under  their  control, 
which  may  be  upon  the  consumer's  promisee  being  maintained  in 
a  safe  condition  and  in  all  respects  nt  for  supplying  ener^pr. 

22.  In  delivering  the  eneigy  to  the  oonsumer's  terminals  the 
nndertakers  shall  ezenuse  all  due  precautions,  so  as  to  avoid  risk 
of  c%using  firo  on  the  promises. 

23*  If  the  undertakers  aro  reasonably  satisfied,  after  making  all 
proper  examination  by  testing  or  otherwise,  that  a  connection 
with  the  earth  exists  at  some  part  of  a  circuit  of  such  resistance 
ss  to  be  a  source  d  danger,  and  that  such  connection  does  not 
exist  at  any  part  of  the  cirouit  belonging  to  the  undertakers, 
then  and  in  such  case  anv  officer  of  the  nndertakers,  and  duly 
authorised  by  them  In  writing,  may,  for  the  purpose  of  discover- 
ing whether  such  connection  with  the  earth  exists  at  any  part  of 
a  circuit  within  or  upon  any  consumer's  premises,  at  all  reasonable 
times,  after  giving  one  hour's  notice  of  his  intention  to  do  so, 
enter  any  suoh  prwnises  and  disconnect  the  consumer's  wires 
from  the  servioe  lines,  and  may  require  the  consumer  to  permit 
him  to  inspect  and  test  the  wires  and  fittings  belonging  to  the 
consumer  and  forming  part  of  the  cirouit. 

24.  If  on  such  testmg  the  officer  disoovers  that  a  connection 
exists  between  the  consumer's  wires  and  the  earth,  and  that  such 
connection  has  an  electrical  resistance  not  exceeding  6,000  ohms, 
or  if  the  consumer*  does  not  give  all  due  facilities  for  such  inspec- 
tion and  testing,  the  undertakers  shall  forthwith  discontinue  the 
supply  of  energy  to  the  premises  in  question,  giving  immediate 
notice  of  such  discontinuance  to  the  consumer,  and  shall  not 
rocommenoe  such  supply  until  they  are  reasonably  satisfied  that 
such  connection  with  the  earth  has  been  removed.  Provided  that 
in  cases  where  the  maximum  power  taken  by  any  consumer  exceeds 
25,000  watte,  the  consumer's  wires  may  be  divided  for  the  purposes 
of  this  testinjg;  into  separate  cirouits,  the  insulation  resistance  of 
each  of  which  shall  exceed  5,000  ohms. 

25.  If  any  consumer  is  diBsatisfied  with  the  action  of  the  nnder- 
takecs  either  in  discontinuing  or  in  not  recommencing  the  supply 
of  ener^^  to  his  premises,  the  wires  and  fittings  of  such  consumer 
may,  on  hia  apphcation  and  on  payment  of  the  prescribed  fee,  be 
tested  for  the  existenoe  of  connection  with  the  euth  by  an  elec^c 
inspector,  or  If  no  eleetrio  inspector  has  been  appointed,  bv  a 
penon  appointed  by  the  Board  of  Trade.  This  regulation  snail 
be  endorsed  on  every  notice  given  under  the  provisions  of  the  last 

regulation. 


SegvlaiicnB  as  to  Atrial  C<mduetara  where  erected  toith  neeeaaary 

conaenta, 

20.  An  aerial  conductor  shall  not  in  any  part  thereof  be  at  a  less 
hsight  from  the  gronnd  than  20ft.,  or  where  it  crosses  a  street, 
35ft.,  or  within  7ft.  of  any  building  or  erection  other  than  a  support 
for  the  oonduotor,  except  where  brought  into  a  building  for  the 
purpose  of  supply. 

27.  Servioe  imes  from  aerial  conductors  shall  be  led  as  directly 
aspossibla  to  insnbtors  firmly  attached  to  some  portion  of  the 
ooDsamer's  premises  which  is  not  accessible  to  any  person  with- 
out the  use  of  a  ladder  or  other  spedal  appliance,  and  from  this 
point  of  attaohment  to  the  oonsumer's  terminals  they  shall  be 
enokMed  sad  protected  in  accordance  with  the  preceding  regula- 
tioas  as  to  servioe  Unes  on  the  oonsumer's  premises. 

28.  Bvecy  a«ial  conductor  shall  be  attached  to  supports  at 
iDterrals  not  exoeedinff  200ft.  where  the  direction  of  the  oonduotor 
is  straight,  or  ISQft.  mere  ttoB  direotiop  is  curved,  or  where  the 
ooodactor  makes  a  horirontal  angle  at  the  point  of  support. 

20.  Svery  support  of  aerial  ooaduetors  shall  be  of  a  durable 
niaterial,  sad  properlv  stayed  against  forces  due  to  wind  pressure, 
<diaoge  of  direotion  of  the  oonductors,  or  unequal  lengths  of  span, 
■ml  the  ooaduetors  and  suspending  wires  (if  any)  shall  be 
■sourely  attached  to  Insulators  fixed  to  the  su^ifiorts.  The  factor 
of  safe^  for  the  oondootors  and  suspending  wires  shall  be  at  least 
ax  and  fcM*  ail  other  parts  of  the  structure  at  least  12,  taking  the 
nszimnm  possible  wind  pressure  at  dOlb.  per  square  foot.  No 
•ddition  aesd  be  made  for  a  possible  accumulation  of  snow. 

^  Everjr  support,  if  of  metal,  shall  be  efficiently  connected  to 
^srth,  and  if  of  wood  or  other  non-conducting  material,  shall  be 
protected  by  a  lightning  oonduotor  ^tened  to  its  support  along 
^  entire  length,  and  projecting  above  the  support  to  a  height  (3 
at  least  Qin.,  such  lightning  conductor  being  emoiBntly  connected 
to  earth. 

31.  Where  any  aerial  conductor  orosses  a  street,  the  angle 
hstween  such  conductor  and  the  direotioa  of  the  street  at  thepuuM 
of  awh  orosBing  siioll  not  be  lee4  than  OOdeg.,  and  the  spans  shall 
oe  M  short  as  possiblet 


32.  Where  any  aerial  conductor  belonging  to  the  undertaken  b 
erected  so  as  to  cross  any  other  aerial  conductor  or  any  suspended 
wire  used  for  purposes  other  than  the  supply  of  energy,  precau- 
tions shall  be  taken  by  the  undertakers  against  the  possibility  of 
their  conductor  coining  into  contact  with  suoh  other  conductor  or 
wire  coming  into  contact  with  their  oonduotor  by  breakage  or 
otherwise. 

33.  Every  high-pressure  aerial  conductor  shall  be  continuously 
insulated  with  a  durable  and  efficient  material  to  be  approved  by 
the  Board  of  Trade  to  a  thickness  of  not  less  than  one-tenth  part  of 
an  inch,  and  in  cases  where  the  extreme  difference  of  potential  in 
the  cirouit  exceeds  2,000  volts  the  thickness  of  insulation  shall  not 
be  less  in  inches  or  parts  of  an  inch  than  the  number  obtained  by 
dividing  the  number  expressing  the  volts  by  20,000.  This  insulation 
shall  be  further  efficiently  protected  on  the  outside  affainst  injury 
or  removal  by  abrasion.  If  this  protection  be  wholly  or  partly 
metallic  it  shall  be  efficiently  connected  to  earth. 

34.  The  material  used  for  insulating  any  high-pressure  aerial 
conductor  shall  be  such  as  will  not  be  fiable  to  injurious  change  of 
physical  structure  or  condition  when  exposed  to  any  tempereture 
oetween  Uie  limits  of  Odeg.  and  ISOdeg.,  or  to  contact  with  the 
ordinsrv  atmosphere  of  towns  or  manufacturing  districts. 

35.  Every  acorial  high-pressure  conductor  shall  be  efloiently 
suspended  by  means  oTnon-metallic  ligaments  to  suspended  wires, 
so  that  the  weight  of  the  conductor  does  not  proauce  in  it  any 
sensible  stress  in  the  direction  of  its  length,  and  the  insulated 
conductors  and  suspending  wires,  where  attached  to  supports, 
shall  be  in  oontaot  onlv  with  material  of  highly  insulating  quality, 
and  shall  be  so  attacoed  and  guarded,  that  in  case  th^  break 
away  it  shall  not  be  possible  tor  them  to  fall  away  clear  of  the 
support. 

3d.  The  undertaken  shall  be  responsible  for  the  efficiency  of 
every  support  to  which  their  aerial  oonduoton  are  attached,  and 
every  such  support  shall  be  marked  to  indicate  the  ownership  of 
the  conductor. 

37.  Every  aerial  oonduotor  belonging  to  the  undertaken, 
including  its  supports  and  all  the  struotural  parts  and  electrical 
appliances  and  devices  belonging  to  or  connected  with  it,  shall  be 
duly  and  efficiently  supervised  and  maintained  as  regards  both 
electrical  and  mechanical  conditions. 

38.  The  undertaken  shall  not  permit  any  aerial  conductor  to 
remain  erected  after  it  has  ceased  to  be  used  for  the  supply  of 
energy,  unless  they  intend  within  a  reasonable  time  again  to  take 
it  into  use. 

PeneUtiea, 

39.  If  the  undertaken  make  default  in  oomplylog  with  any  of 
the  preceding  regulations  they  shall  be  liable  to  a  penalty  not 
exceeding  £10  for  every  such  default,  and  to  a  daily  penalty  not 
exceeding  £10.  The  imposition  of  any  penalty  under  this  regula- 
tion shall  not  affect  the  liability  of  the  undert^en  to  make 
compensation  in  respect  of  any  damage  or  injury  which  may  be 
caused  by  reason  of  such  default. 

II.— RXOULATIONS  AS  TO  SUTFLT. 

1.  One  week  at  least  before  the  undertaken  are  ready  to  com- 
mence to  supply  enei 
tributini 
and  the  local  authority  of  their  intention  to  commence  such  supplyc 

2.  From  and  after  the  time  when  the  undertaken  commence  to 
supply  energy  through  any  distributing  mains,  they  shall  maintain 
a  supply  d  sufficient  power  for  the  use  of  all  the  oonsumere  lor 
the  time  being  entitled  to  be  supplied  for  suoh  main ;  and  snoh 
supply  shall,  except  so  far  as  may  ne  otherwise  agreed  npon  from 
time  to  time  between  the  county  council  and  the  undertaken,  be 
constantly  maintained  at  such  pressure  as  may  be  fixed  under  the 
provisions  of  these  regulations.  Provided  that,  for  the  puiposes 
of  testing,  the  authority  by  whom  the  eleotrlo  inspector  is  appomted 
may  give  permission  to  tne  undertaken  to  discontinue  the  supply 
at  such  intervals  of  time  and  for  such  periods  as  it  may  tnmk 
expedient,  and  that  for  any  other  porposes  connected  mth  the 
efficient  working  of  the  nnoertaklng,  the  undertaken  may,  with 
the  permission  of  the  Board  of  Trade,  disoontinue  the  sup^y  at 
such  intervals  of  time  and  for  such  periods  as  the  Board  of  xiade 
may  think  expedient.  Where  the  sapply  is  so  discontinued 
notioe  of  such  discontinnance,  and  of  the  probable  duration 
thereof,  shall  be  forthwith  served  upon  the  county  connoil  and  the 
local  aathority. 

3.  The  system  of  distributing  mains  shall  be  so  arranged  in 
seotions  that  in  case  it  becomes  necessary  to  stop  the  supply 
through  any  portion  of  a  main  for  more  than  one  hour  for  the 
purposes  of  repairs,  or  for  any  other  reason,  the  stoppage  of  snp^^ 
aluin no  case  exceed  In  amount  a  maximum  power  of  200,000 
watts,  or  extend  to  the  premises  of  more  than  80  consumers,  and 
in  the  case  of  every  stoppa^  for  more  than  one  hour  reasonable 
notioe  shall  be  previously  given  by  the  undertaken  to  every  con- 
sumer affscted  thereby,  except  in  cases  of  emergency. 

4.  During  the  whole  of  tne  period  when  a  supply  of  eaeigT  Is 
required  to  be  maintained  by  the  undertaken  In  the  distributing 
mams  under  the  order  and  tnese  regulations,  it  shall  be  maintained 
at  a  constant  pressure  (In  these  regulations  termed  "  the  standard 
pressure  ")  to  oe  fixed  as  hereinafter  specified,  but  such  standard 
pressure  may  be  different  for  different  portions  of  the  distrilmting 
mains.  Provided  that  the  undertaken  shall  be  deemed  to  have 
oompUed  with  Uie  requirements  of  this  regulation  so  long  as  the 
pressure  does  not  at  any  point  vary  more  tmm  3  per  oeatw  fiom  the 
corresponding  standard  presjsure  In  the  case  of  a  general  supply  at 


low  pressure,  or  2per  cent,  in  the  case  of  a  general  sapply  at  hkdi 
pressure,  unless  changes  in  pressure  reeor  so  frequently  as  to 
cause  unsteadiness  in  the  supply. 
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5.  The  standard  pressure  shall  be  fixed  by  the  undertakers  for 
every  pair  of  distributing  mains,  and  notice  of  the  amount  of  such 
standard  pressure  shall  be  given  to  the  county  council  before  the 
undertakers  commence  to  supply  energy  to  consumers  through 
such  mains,  and  such  standard  pressure  shall  not  be  altered 
except  by  permission  of  the  county  council,  and  upon  such  terms 
and  conditions  as  the  county  council  may  impose,  and  after  public 
notice  has  been  given  during  a  period  of  one  month,  in  such 
manner  as  the  county  council  may  require,  of  the  intention  of  the 
undertakers  to  apply  for  permission  to  alter  the  same.  The 
undertakers  may  appeal  against  any  decision  of  the  county 
council  under  this  regulation  to  the  Board  of  Trade,  whose 
decision  shall  be  final. 

6.  Before  commencing  to  give  a  supply  of  energy  to  any  con- 
sumer, the  undertakers  shall  declare  to  such  consumer  the 
constant  pressure  at  which  they  proDose  to  supply  energy  at  his 
terminals.  The  pressure  so  declarea  at  any  pair  of  consumer's 
terminals  shall  not,  except  by  agreement,  be  greater  than  115 
volts  or  less  than  45  volts,  if  continuous,  or  the  equivalents 
thereof  respectively,  if  alternating,  and  shall  not  at  any  time  be 
altered  or  departed  from  except  in  consequence  of  any  authorised 
alteration  of  the  corresponding  standard  pressure.  In  distribu- 
tion on  the  three-wire  system,  the  central  terminal  shall  for  the 
purposes  of  this  regulation  be  considered  to  form  a  pair  with  either 
of  the  outer  terminals,  and  similarly  for  multiple- wire  systems ; 
and,  in  the  case  of  a  transformation  of  energy  on  the  consumer's 
premises,  the  undertakers  shall  give  the  consumer  the  choice  of  a 
supply  at  either  of  two  different  pressures,  one  of  which  shall  be 
approximately  half  the  other,  and  in  such  case  the  pressure  so 
chosen  by  the  consumer  shall  be  declared  constant  pressure. 

7.  The  variation  of  pressure  at  any  consumer's  terminals  shall 
not  under  any  conditions  of  the  supply  whidi  the  consume  r  is 
entitled  to  receive,  nor  at  any  time,  exceed  4  per  centum  from  the 
declared  constant  pressure,  whether  such  variation  bo  due  to  the 
resistance  of  the  service  lines  or  apparatus  belonging  to  the  under- 
takers, or  to  any  action  or  effect  produced  by  such  apparatus,  for 
which  the  consumer  cannot  be  shown  to  be  responsible,  or,  {lartly 
to  any  variation  of  pressure  in  the  distributing  mains  from  which 
the  supply  is  taken. 

8.  It  the  undertakers  make  default  in  complying  with  any  of 
these  regulations  as  to  supply,  they  shall,  subject  to  the  provisions 
of  the  order,  be  liable  to  a  penalty  not  exceeding  £5  for  every  such 
default,  and  to  a  daily  penalty  not  exceeding  £5. 

These  regulations  are  made  subject  to  the  power  of  the  Board  of 
Trade  to  inake  such  further  or  other  regulations  as  they  may 
think  expedient ;  and  nothing  in  these  regulations  shall  be  oon- 
strued  to  authorise  the  unoertakers  to  lay  any  electric  line  or 
work  their  undertaking  otherwise  than  in  accordance  with  the 
order  and  the  principal  Act,  or  to  supply  energy  otherwise  than  by 
a  system  for  the  time  being  approved  of  by  the  Board  of  Trade 
under  the  order. 


COMPANIES'  MEETINGS. 


WOODHOnSE  AND  BAWSON. 

The  general  meetine  of  Woodhouse  and  Rawson  United, 
Limited,  was  held  on  Friday  at  Winchester  House,  Old  Broad- 
street,  S.C.,  under  the  presidency  of  the  Right  ^n.  Lord 
Aberdare,  P.O.,  O.C.B.  (the  chairman  of  the  Company). 

The  Beorotanr  (Mr.  George  Worrall)  read  the  notice  convening 
the  meetmg  ;  the  report  ana  accounts  were  taken  as  read. 

The  Chamnaa :  Before  moving  the  adoption  of  the  report,  there 
are  two  points  in  it  to  which,  for  fear  of  misapprehension,  I  desire 
to  call  your  attention.  One  is  that  the  ordinary  shares,  of  which 
one-half  remains  uncalled,  are  the  shares  taken  by  the  public.  The 
■hares  allotted  to  the  vendors  are,  of  course,  fully  paid,  as  shown 
in  the  balance-sheet.  The  other  point  is  this  :  We  mention  in  our 
report  that  the  Sociedad  Espenola  de  Electricidad  has  placed  its 
lighting  in  the  h^nds  of  this  Company.  The  actual  contract  was 
madebetween  that  company  and  Woodhouse  and  Rawson,  Limited. 
This  contract  was  taken  over  by  us,  and  at  the  present  time  the 
Barcelona  Company  is  engaged  in  carrying  out  our  sugges- 
tions. There  are  two  ways  in  which  a  board  of  directors  may 
report  to  their  shareholders  their  proceedings  for  the 
past  year.  They  may  either  present  a  report  containing  net 
results  in  the  briefest  and  most  succinct  form,  leaving  to  the 
chairman  the  task  of  supplying  in  his  speech  the  facts  and  events 
which  he  thinks  likely  to  interest  the  shareholders,  or  they  may 
add  to  the  bare  statement  of  results  a  detailed  account  of  their 
operations,  and  of  the  development  of  their  undertaking,  thus 
enabling  those  interested  to  form  an  estimate  of  their  actual 
position,  and  to  forecast  the  prospects  of  the  future.  This  latter 
method,  which  has  the  advantage  of  placing  on  pernuwent  record 
the  actual  position  of  the  Company,  and  of  eiving  to  absent  share- 
holders information  which  would  otherwise  be  denied  them,  seems 
specially  advisable  at  the  first  meeting  of  a  Company  conducting 
operations  of  so  varied  and  extensive  a  description  as  ours,  for  it  is 
clear  that  much  may  be  stated  in  a  printed  report  which  would  be 
tedious  and  out  of  place  in  a  chairman's  speech.  We  have 
therefore  chosen  the  latter  alternative,  which  has  this  further 
advantage,  that  it  relieves  the  Chairman  from  the  necessity  of 
makuig  a  long  speech.  Those  who  have  carefully  studied  the  report 
will  see  how  numerous  and  important  our  operations  are.  To  some 
thev  may,  perhaps,  seem  incongruous,  although  a  little  reflection 
will  show  that  in  reality  they  are  closely  connected.  The  manu- 
facturing supply  and  contract  dept^tments  explain  themselves. 


The  development  of  the  business  of  taking  up  and  bringiogmt 
new  inventions,  by  the  purchase  of  patents,  oy  manuiactarin? 
under  royalties  to  inventors — ^all  these  items  of  electrical  vork 
are  closely  connected  with  yet  another  large  and  lucrative  portion 
of  business,  that  of  aiding  in  the  formation  of  companies  to  work 
patents  which  require  capital  beyond  their  means,  and  to  supply 
the  experience  which  they  do  not  possess.    All  these  braocheB  of 
electrical  business  were  undertaken  by  the  several  companies  whicb 
were  purchased  and  absorbed  into  ours  at  the  time  of  iu  for- 
mation. They  have  in  their  various  departments  been  exteuded  u 
rapidly  as  the  short  period  of  our  existence  has  permitted.   The 
manufacturing,  supply,  and  contract  departments  show  no  incon- 
siderable improvements  in  actual  performance,  and  g^ve  wh&t  1 
may  venture  to  call  well-grounded  promise  of  greater  expfto- 
sion  and  profits  hereafter.     With  these  the  report  has  dealtt 
I  think,    at  sufficient  length,    presenting  altogether  a  pictore 
of    great    activity    at    home    and    abroad.      In    my  opinioo, 
these  three  branches  of  manufacture,  supply,  and  contract  conAi- 
tute  the  solid  basis  on  which  the  ultimate  sucoess  of  the  Company 
should  rest.     But  it  is  obvious  that  expectations  of  large  profits 
from  these  sources  can  only  be   gradually    realised ;    time  U 
needed :    we  must  sow  before  we  can  reap.    It  is  unusual  and 
inadvisable  to  enter  minutely  into  the  source  of  profits  of  tJbe  year 
in  the  case  of  a  manufacturing  company  like  ours,  but  this  much 
I  may  say:    the  large  profits  of  the  present  year  which  have 
enabled  us  to  recommena  a  dividend  of  15  per  cent,  per  annaa, 
without  availing  ourselves  of  the  £75,000  deposited  with  us  by  the 
Woodhouse  and  Rawson,  Limited,  as  a  guarantee  for  a  divideod 
of  that  amount  for  three  years  ;   which  have  enabled  us  to  pbce 
£26,030  to  reserve  funds,  and  to  carry  forward  over  £16,000  to  next 
year's  account,  after  writing  off  £7*421,  against  the  estimated 
value  of  our  patents — these  large  profita  have  been  mainly  deri%*ed 
from    the    fourth    branch    of   our  business,  as  described  in  the 
report — ^viz.,  **  the  testing  and  proving  of  new  patents  and  inren- 
tions  connected  with  electrical  and  engineering  science,  and  the 
introduction  to  the  public,  either  by  arrangements  for  working  each 
inventions  by  this  uompany,  or  by  assisting  the  owners  in  forming 
separate  companies  for  working  them."    Such  waa  the  operation 
of  the  Woodhouse  and  Rawson,   Limited,  in   introducing  the 
Elmore    process,    which  the  present   company  are,  with  every 
prospect  of  success,  extending  over  the  chiel  commercial  oountna 
of  Europe.    Such  was  the  formation  of  the  International  Okonite 
Company,  described  in  the  report.     Such,  although  incidentally 
connected  with  our  business,  was  the  disposal  of  a  portion  of  oar 
premises  at  West  Kensington  to  the  West  Kensington  Co-operatire 
Stores,  Limited,  an  operation  advantageous  to  ourselves  and,  1 
trust,  to  the  company  which  acquired  our  property,  and  was 
launched  under  our  auspices.  That  there  is  a  certain  nsk  involved 
in  the  introduction  of  new  inventions  it  would  be  absurd  to  deny. 
But  this  I  can  honestly  say,  that  these  operations  have  never  been 
undertaken  without  the  most  careful  enquiry,  and  that*aU  the 
judgment,  experience,  and  knowledge  of  affairs  possessed  by  the 
Bdud  have  been  exercised  before  embarking  in  them.  IThey  re|H^ 
sent,  in  fact,  but  a  small,  and  a  very  small,  portion  of  the  proposals 
for  the  Board's  assistance,  in  one  form  or  another,  the  vast  majority 
of  which  were  rejected,  not  always  from  distrust  of  their  merits, 
but  because  we  limited  ourselves  to  the  selection  of  such  only  u 
seemed  thoroughly  sound  and  of  intrinsic  value.  I  have  said  that  the 
Board  had  brought  its  combined  faculties  to  the  consideration  of 
all  schemes  adopted  by  them  ;  but  it  is  the  merest  act  of  justioe 
to  our  managing  director,  Mr.  F.  L.  Rawson,  to  say  that  the  suc- 
cess which  has  hitherto  attended  us  is  mainly  due  to  his  initiativSi 
and  to  the  extraordinary  energy  and  ability  of  which  be  has  gi^en 
proof.     Nor  can  I  refrain  from  expressing  my  personal  sense  of 
gratitude  to  our  vice-chairman,  Sir  Rawson  Rawson,  for  his  great 
exertions,  and  for  his  unremitting  attention  to  the  affairs  of  the 
Company  during  the  long  period  when  a  severe  illness,  with  iU 
debilitating  consequences,  had  prevented  me  from  giving  to  thoee 
affairs  the  attention  which  may  fairly  be  expected  from  Uie  Chair- 
man.    Never  was  personal  aid,  at  the  cost  of  great  labour,  more 
cheerfully  given,  nor  more  effectually.    To  my  other  oolleeupieB  I 
venture  to  tender  my  grateful  acknowledgment  of  their  induigenoe 
to  my  shortcomings.  The  report  refers  in  oy  no  means  exaggerated 
terms  to  the  unusual  demands  on  the  time  of  the  staff  due  to  the 

Fressure  on  a  new  company  engaged  in  such  extensive  operationa 
beg  to  add  my  own  acknowledgments,  and  to  recommend  warmly 
to  your  acceptance  the  adoption  of  the  resolution  for  the  formation 
of  an  employ^  pension  fund.  May  I,  as  my  parting  contribution 
to  the  conduct  of  your  affiairs,  venture  to  make  some  suggestions,  the 
fruit  for  the  past  year's  experience  in  the  working  of  Uie  Company? 
First,  I  think  it  very  desirable  that  our  capital  sl^uld  be  increased, 
and  I  trust  that  the  Directors  will  ere  long  submit  reaolntions  to 
you  with  this  object.  The  report  has  told  you  that  we  have  already 
extended  considerably  the  ousiness  and  the  business  promisee  of 
the  companies  we  were  formed  to  acquire  and  consoliaate.  I  am 
satisfied  that  these  extensions  cannot  be  fully  developed,  nor  made 
as  profitable  as  they  might  be,  without  an  addition  to  our  working 
capital.  At  present  we  have,  as  you  know,  the  use,  as  capital,  of 
the  £75,000  deposited  with  us  by  woodhouse  and  Rawson,  Limited; 
but  this  money  must  be  replaced,  at  latest,  two  years  henoe.  It 
might  well*be  worth  while  to  repay  it  at  an  earlier  date,  if  we  can 
came  to  a  satisfactory  arrang^ement  with  the  liquidators  on  bur 
conditions  as  to  discount  or  otner  allowance.  It  would,  doubtless, 
be  a  great  advantage  to  the  liquidators  to  have  it  repaid,  so  that 
they  might  finally  complete  their  liquidation.  Thia  is  matter  for 
the  future,  but  I  think  it  advisable  to  prepare  you  forpCMible  pro- 
posals in  this  direction.  My  other  suggestions  relate  to  an  inci"Wli"' 
the  numbers  of  your  Boara  and  of  the  working  staff.  I  have  alre^ 
referred  to  the  labour  and  responsibility  which  have  reetec^^^ 
your  Board  during  the  past  year  in  the  conduct  of  your  gen^ 
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pttid  off,  and  as  the  intereat  and  ainking  fund  oontribttttoiia  have 
now  oeaaed,  there  will  in  f  ntnre  be  a  aaving  of  revenoe  on  thia 
aooonnt  of  about  £6,000  per  annum.  The  GompanVB  £820,000 
0  per  cent  debentures  mature  for  payment  at  par  on  February  1, 
1891,  and  the  Direofcora  have  dedded  to  pay  them  off  on  that  date 
by  iaauing  a  similar  amount  of  4  per  cent,  mortgage  debmture 
stock. 


NEW  COMPANIES  REGISTERED. 


SnUera,  Iitnited.->Registered  by  Waterlow  Bros,  and  Layton, 
Limited,  24  and  26,  Biichin-lane,  E.C.,  with  a  capital  of  £200,000 
in  £10  shares.  Object :  to  acquire,  upon  such  terms  as  may  be 
thouffht  fit,  all  or  anv  of  the  assets,  Ana  to  undertake  all  or  any  of 
the  liabilities,  of  the  business  of  engineers,  contractors,  and 
oUierwise  heretofore  carried  on  by  a  company  named  Buller, 
Johnson  and  Co.,  now  in  roluntarr  liquidation,  and  to  carry  on, 
develop,  and  extend  the  said  busmess  when  acquired;  to 
manufacture,  sell,  let  on  hire,  and  generallv  to  acquire,  dispose  of, 
and  deal  in  electrical  plant,  and  in  electricity  and  electric  power 
and  other  forms  of  power  and  energy.    The  first  subscribers  are : 

Shares* 

E.  Buller,  49,  Charlotte-road,  Birmingham  

H.  Jobson,  Summer-hill,  Kidderminster 

E.  J.  Chambers,  Lingwood,  St  James-road,  Dudley  ... 

W.  Greenhill,  Dudley 

B.  P.  Jobson,  Dudley 

A.  T.  Buller,  Greystoke,  Penrith 

J.  T.  Harris,  The  Kayes,  Stone,  Staffordshire    

There  shall  not  be  less  than  two  nor  more  than  seyen  Directors. 
The  first  are  Ernest  Wentworth  Buller  and  Howard  C.  Jobaon* 
Qualification:  100  shares. 


10034.  fmptwvemeBta  la  ttae 


of 


PROVISIONAL  PATENTS,  1890. 


OotobibO. 

15777.  laproteiiMBta   la  etootrlo  meters.     Benjamin  Joseph 

Barnard  Mills,  23,  Southampton-buildings,  London.    (Tony 

Blein,  France.) 
15791.  Improvwneata  la  metbods  and  apparatas  fsr  tbe  tnuuh 

mlaalon  of  power.    Benjamin  Joseph  Barnard  Mills,  23, 

Southainpton-buildings,  London.    (Thomas  Alva  EdlMm, 

United  States.)    (Complete  specification.) 
15702.  Improvemeata  Sa   laeaaAeaoeat  tfeetarlo  laaq^  aad 

leadlag<4a    wlrea  thereiir.     Benjamin  Joseph   Barnard 

Mills,    23,    Southampton-buildings,     London.      (Thomas 

Alva  Edison,  UnitM  Stotes.) 
15708.  IBq^rovemeata  la  or  reiattag  to  ntfer^piioaea.    Alfred 

Julius   Boult,    %23,   High    Holbom,   London.      (Elophe 

Poiraon,  France.) 

(knoBKSkl, 

15819.  laiprevaaieala  la  eleetrie  djaamee,  eleetrio  BMtora, 
tnuMtenaera  ef  eleetrie  oarreata,  mad  ladaetloa  eeila. 

James  Johnstone,  8,  Merchiston-park,  ISdinburgh. 

15828.  Xmproreaieata  la  dyaamo  maeJilBaa.    William  Falconer 

Edng,  154,  St.  Vincent-street,  Glasgow. 
15869.  ImprovooMata    la    malttple    awlteliboards.     Christen 

Rees  Bonn6,  41,  Eastcheap,  London.    (Mix  and  Qenest, 

Limited,  Germany.) 

15871.  Xmproreaieata  la  moltlple  awlteiiboards.  Christen 
Rees  Bonn^,  41,  Eastcheap,  London.  (Mix  and  Genest, 
Limited,  Germany.) 

15873.  Zmprevemeata  ta  malttple  awltehboarda.  Christen 
Rees  Bonne,  41,  Eastcheap,  London.  (Mix  and  Genest, 
Limited,  Germany.) 

15874.  New  aad  Improved  aieaaa  or  appamtoa  for  preveatlag 
aelae  la  tetophoato  apparataa.  Jules  Ceirpaux,  33, 
Chanoery-lane,  London. 

15890.  IBiproreaieata  la  aatoauttle  eleetrloal  drlag  apparataa 
flnr  aaval  aad  ailUtary  ordaaaoe.  RudoU  Dick,  379 
Chancery-lane,  London. 

OoroBXR8. 

15021,  ZapreveaMata  la  aad  relatlag  to  laoaadeaoeat  eleetrio 
lampo.  Robert  Dick  and  James  Duncan  Maclean,  90, 
Buchanan-street,  Glasgow. 

15033.  Aetaatlag  pbotegrapklo  camera  flliatlera  by  eleetro- 
Biagaetlo  aad  eleetro-Toltaio  meaaa.  Simon  Bdwaid 
Keif    and     Ewald     Heuner,     189,    Southampton-streety 


15974.  ZaiproreaMata  la  oelaFOreed  apparatas  for  admlalatsr 
lag  eieotrlolty.  Hubert  Samuel  Heath,  Exoelskw  Cottage, 
Lea  Bridge  Gardens,  Leyton. 

Ooiobbb9. 


10005.  ZapreveaMaia  la 

William  Joseph  Starkey  Barber-Starkey,  70,  Market*street, 
Manchester. 

16054.  Zaq^rereaMata    la  eleetrie  laitlerlea.    Henri  Georges 
Charlie  Serrin,  45|  Southampton-buildings,  London. 


alee  to  ether  artlttlea  made  efflre-reaiattag 

Joseph  Trecziok,  7,  Angel-road,  Hammersmith,  London. 

10055.  frnproveoMata  la  Eleetrie  batterleo.  Henri  Geoigei 
Charles  Serrin,  45,  Southampton-buildings,  London. 

10067.  naprereaMate  la  plUan  aad  etoetrellen  or  paadanti 
§ur  eleelrle  lampa.  Richard  Brown  Evered  aad  Thomas 
Ru^Uing,  45,  Southampton-buHdings,  London. 

OGfTOBKB  10. 

16064.  ZnprereaMatBla  eleelrleal  aeoeadarj  taitterlea.  James 
Kent  Pumpelly  and  Frank  Butterworth,  62»  St.  Vincent- 
street,  Gla^^ow.    (Complete  specification.) 

16104.  ZnprereaMatB  la  aeli^ooatalaed  tfeetrlo  boOa  aad 
ladtoatore.  William  Thomas  Pressland,  4,  Moorfiefals, 
London. 

16110.  Inprovemeatalathedlatrltoalloaofdleetrlattgr.  Thomas 
Parker,  John  Harold  Woodward,  and  Edmund  ScoU 
Gustave  Rees,  47,  Lincoln's-inn-fields,  London. 

16124.  XmprwreBMata  la  eleetrie  Olotfka.  David  Fatrgriere,  20, 
High  Holbom,  London.    (Complete  specification) 

OGfTOBKB  11. 

16136.  iBvroveaMata  la  eola-ftaed  apparataa  Cw  oMalalag 
a  enrreat  of  eleetrlelty  isr  predaelag  eleelrto  Ugbt,  «r 
fto  otber  parpoaee.  Herbert  John  Dowsing  and  Henry 
Sherl^  Price,  115,  Cannon-street,  London. 

16153.  Anproved  aMaas  of  maaalhetarlag  glaae  eeadnlta  sr 
taliea  tor  eleetrleal  or  otber  parpoeea,  Dan  Rylands, 
Stairfoot,  Bamsley. 

16156.  XaiproTlag  audaa  for  earrylag  oarreata  of  eieearle 
aiatter.  James  Johnstone,  8,  Merchiston-park,  Edin- 
burgh. 

16221.  ImproveaMata  la  eleetrie  altera  Anthony  Recken- 
zaun,  20,  High  Holbom,  London. 

16222.  Improvemeato  la  li^iteraa  or  Uuapa  far  are  elaetrle 
llglita,  aad  la  peeta  or  oolnauis  tlierefte.  Alfred  lister 
Shepard,  45,  Southampton-buildings,  London. 

16223.  Zmprereaieata  la  tlie  parte  of  eleetrie  metsre  oimaeet" 
tag  tlie  moreaieat  of  the  aoleaold  witli  tlie  oalwilattBg 
trala.  Henry  Burrow,  30,  Bridge-street,  St.  Andrew's, 
Norwich. 


SPECIFICATIONS  PUB] 

1881. 

5338.  Beeeadary  batteries.      Fita^gerald   and   others,      (lliird 
edition.)    8d. 

1884. 

3266.  Switebee  ter  eieetrioal  eoadaoteve.     Holmes.     (Seocmd 
edition.)    8d. 

1889. 

14860.  TiUplieae  derleee.    Hoffinann.    lid. 
15609.  Beetrleal  railway  swlteli,  ete.    Bachmann.    8d. 
16165.  Xleetrle  eonpUag  for  eat-oata.    Lancaster  (Grivolaa).   6d. 
17831.  Xleetrle  liattery  earbea,  ete,    Sherrin.    6d. 
18159.  Xleetrle  eoataet  apparataa,    Weuste.    8d. 
18360.  Dyaamee.    Renshaw.    6d. 

19195.  Laying  eleotrle,  etc.,  wlrea  la  streeta.    Summers.    6d. 
19835.  Xleetrleal  algnalltng  apparataa  for  rallwaya.  M.  and  T. 
Perls.    Is.  Id. 

1890. 

5474.  Begalatlag  etootrlo  eironlta.    Lyon  and  Leslie.    8d. 
6878.  Xleotrto  alarm  HaroloeiBS.    Schmitz.    8d. 
8599.  Qeaeratlag,  eto.,  eleetrto  onmfata.    Anderson.    8d. 
8800.  Xleetrle  aeetiwinlatora.     Thompeon  (Peral).    8d. 

10421.  Preveatlag  aeddeata  firem  orerheatlng  of  eleotrloal 
wlrea.    Bradford.    6d. 

11402.  CoapUaga  far  eleetrio  railway  T^hlelee.    Pfingst,    M. 

11465.  BlTotlag  by  eleotrielty.    Dew^.    8d. 

12566.  Xleotrto  are  lampa.    RusselL    8d. 

13006.  Weldlag  aietato  by  etaetrtoltF.  Lake  (Thomson).    8d. 


COMPANIES'  STOCK  AND  SHARB  LIST. 


Anglo-American  Brush  

—  Pref.    

India  Rubber,  Gutta  Peroha  k  Telegraph  Go 

House-to-House 

Metropolitan  Electric  Supply   

London  Electric  Supply 

Swan  United 

Qrompton  ft  Go.i  Pref.  

Naticoal Telephone 

Electric  (Tonstruction . . . •  t *...*.•       •».....»...••...« 
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NOTES. 


Sonthport. — ^The  Town  Council  have  resolved  to  apply 
for  an  order. 

Maffdebarff.— It  has  been  decided  to  grant  £75,000  for 
the  erection  of  a  central  station. 

Paris  lAghtHng. — The  Cance  Co.  have  a  central  station 
in  Paris,  the  h.p.  available  being  300  (French). 

Belgium. — ^The  Government  are  said  to  have  adopted 
the  Dejongh  telephonic  apparatus  on  their  circuits. 

Harrogate, — ^A  subcommittee  of  the  Town  Council 
are  considering  the  Corporation's  proposed  application  for 
an  order. 

Ipswich. — The  Town  Council  have  received  copies  of 
the  Ipswich  Electric  Supply  Co.'s  order,  and  the  matter  has 
been  referred  to  a  committee. 

Chiswiok. — The  question  of  an  order  for  the  Local 
Board  to  supply  electricity  in  Chiswick  has  been  referred 
to  the  Works  Committee  for  consideration. 

Moss  Side  (Lanos.). — ^The  Local  Board  and  the  Man- 
chester House-to-House  Company  have  been  in  correspond- 
ence aa  to  lighting  the  town,  and  appear  likely  to  come  to 
terms. 

Charlestown  (Hass.).  —  It  is  probable  that  the 
barracks  here  will  be  lighted  electrically  before  long,  the 
officials  of  the  Navy  Department  having  petitioned  on  the 
subject. 

Whitby. — The  Local  Board  have  resolved  to  apply  for 
a  provisional  order.  The  Yorkshire  House-to-Houae  and 
the  East  Coast  Electric  Light  Companies  have  served  notices 
on  the  Board. 

Boiler  Szplosioiu — ^A  boiler  explosion  is  reported  to 
have  occurred  on  Monday  evening  at  the  Edison  electric 
works  in  the  Palais  Boyal,  by  which  two  workmen  were 
seriously  scalded. 

Book  Reoeifred. — ^We  have  received  a  copy  of  "  Sound, 
Light,  and  Heat,"  an  elementary  class  book  by  J.  Spencer, 
B.Sc.,  F.C.S.  It  is  published  by  Percival  and  Co.,  of  King- 
street,  Covent  Garden. 

Blaokpool  (Lanes.  )• — A  scheme  is  on  foot  to  construct 
a  new  pier  at  South  Shore,  and  plans  and  estimates  have 
already  been  got  out.  If  it  is  carried  out  there  should  be 
some  electric  lights  wanted. 

Eton. — ^The  Eton  Local  Authority,  who  have  hitherto 
refused  to  give  their  consent  to  the  application  of  the 
Windsor  and  Eton  Electric  Lighting  Co.  for  an  order,  at 
their  last  meeting  gave  the  required  permission. 

Henley's  Telegraph  Works. — We  have  received  a 
copy  of  Henley's  price  list  of  electric  light  cables  and  wires 
which  give  full  and  clear  particulars  to  intending  pur- 
chasers. Prices  are  also  given  of  jointing  material  and 
wood  casings. 

Boston  (U.S.). — The  Massachusetts  Le^slature  have 
passed  a  Bill  authorising  the  West  End  Street  Railway 
Company  to  build  elevated  electric  railways.  It  is  probable 
that  the  third  rail  system  of  supplying  current  will  be 
adopted.    The  proposed  line  is  about  five  miles  long. 

Sale. — ^A  sale  by  Messrs.  Wheatley  Kirk,  Price,  and 
Goulty  of  electrical  plant,  formerly  the  property  of  the 
City  of  Westminster  l^ectrical  Syndicate,  will  be  held  at 


the  new  supply  station,  Eccleston-place,  S.W.,  at  11  for  12 
o'clock  on  the  31st  inst  Particulars  will  be  found  else* 
where. 

Fareham  Lighting, — Apparently  there  is  a  little 
friction  at  Fareham,  for  we  hear  of  an  extraordinary  meeting 
of  the  Local  Board  being  convened  to  consider  the  action 
of  a  resident  in  cutting  the  wires.  The  clerk  was  instructed 
to  take  steps  to  obtain  an  injunction  against  the  individual 
in  question. 

A  Gorreotion« — ^We  are  informed  by  Mr.  H.  B.  Bourne 

that  our  reference  to  himself  in  a  paragraph  which  appeared 
in  our  last  issue  is  somewhat  inaccurate.  He  points  out 
that  his  connection  with  the  Okonite  Co.  is  confined  to  the 
Loudon  office,  and  that  the  engineer  to  the  company  is  Mr. 
Thos.  Connolly. 

Tenders  Wanted  for  Spain, — In  another  column 
will  be  found  an  intimation  from  the  Municipality  of 
Caceres,  Estremadura,  that  they  are  desirous  of  introducing 
the  electric  light  in  the  town.  Full  particulars  can  be 
obtained  of  Don  Dionisio  Viniegra  Villarreal,  Calle 
Gallegos,  Caceres. 

National  Safe  Deposit  Company. — At  the  ordinary 
meeting  of  this  company,  held  on  Wednesday,  a  share- 
holder opined  that  the  directors  ought  to  adopt  the  electric 
light.  We  think  so  too.  But  perhaps  they  will  when  the 
lighting  of  the  City  is  a  fact,  and  they  have  the  necessary 
current  at  their  doors. 

Lightning  Arrester. — ^According  to  the  Stred  BaUway 
Journal^  the  lightning  arrester  of  the  Short  Electric  Railway 
Co.  proved  itself  remarkably  efficient  during  last  month, 
when  the  United  States  was  visited  by  very  frequent  and 
severe  thunderstorms.  It  states  that  the  company  did  not 
lose  a  single  armature. 

A  Large  Wimshnrst  Maehine. — ^M.  Ducretet,  of 
Paris,  has  constructed  a  large  Wimshurst  machine  which 
he  has  given  to  the  Soci^t^  d'Encouragement  pour  llndustrie 
Rationale.  The  glass  discs,  of  which  there  are  12,  are  75 
centimetres  (29'53in.)  in  diameter.  The  machine  will  give 
a  spark  42  centimetres  (16'54in.)  long. 

The  Cost  of  Orders.  —  Accrington  Corporation  is 
reported  to  have  spent  £440  in  obtaining  powers  under 
the  Electric  Lighting  Act;  and  the  Hasiingden  Local 
Authority  were  recently  told  by  their  official  adviser  that 
they  might  look  forward  to  having  to  disburse  between 
£250  and  £300  to  attain  the  same  object 

Eleetrio  Welding. — ^The  Thomson  Electric  Welding 
Company  has  leased  three  complete  machines  to  Mr.  Edison 
for  use  at  the  Schenectady  works  in  welding  copper  wire 
from  No.  20  to  one-half  inch,  says  the  Eledricai  World.  It 
is  reported  that  they  will  be  delivered  within  30  days,  and 
are  expected  to  make  3,000  welds  per  day. 

Monmonth. — ^Tenders  are  required  for  lighting  Mon- 
mouth, and  they  must  be  sent  in  on  or  before  the  1st  Nov. 
This  seems  rather  short  notice,  and  we  should  not  wonder 
if  we  have  to  chronicle  in  this,  as  so  frequently  happens  in 
other  cases  of  the  sort,  an  extension  of  the  time  to  somo 
later  date.  We  notice  that  the  Corporation  have  pinned 
their  faith  to  the  "  low-tension  system." 

Eleotrio  Railway  in  Yorkshire. — It  is  stated  that 
a  scheme  is  being  promoted  for  the  construction  of  an 
electric  railway  from  Flamborough  to  the  North-Eastem 
Railway  Station,  a  distance  of  two  and  a  half  miles.  A 
resident  in  the  neighbourhood  has  interested  himself  in  the 
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matter,  and  has  been  canvassing  fish  merchants  and  others 
with  the  object  of  obtaining  their  support. 

Xieainlnfftoiu — The  differences  between  the  Town 
Council  and  the  electric  lighting  company  seem  to  occupy 
a  considerable  portion  of  each  meeting  of  the  public  body. 
The  councillors  (having,  so  it  is  stated,  tested  the  lamps) 
say  the  candle-power  is  deficient,  the  company  are  reported 
to  escpress  their  satisfaction  with  it.  We  shall  be  surprised 
if  the  lawyers  do  not  gain  by  the  controversy. 

Sleotrio  Foff  SignalUng.— The  trial  of  the  electric 
fog  signals  brought  out  by  Mr.  W.  Andrews,  of  Nottingham, 
with  the  co-operation  of  Mr.  Arthur  Guy,  some  description 
of  which  will  be  found  on  p.306  of  our  issue  for  the  10th 
inst.,  were  tried  last  week  on  the  Great  Northern  Bailway 
Co.'s  line  near  Bowes  Park  in  the  presence  of  the  officials. 
The  result  of  the  trials  was,  we  understand,  very  satisfactory. 

The  Telephone  on  the  Cdngb. — The  SuUelin  IrUer- 
naiiondl  says  that  the  ''Ville  de  Bamaho,'^  one  of  the  Walford 
Co.^8  steamers  which  lately  sailed  from  Antwerp,  took  out 
the  material  for  erecting  the  first  telephone  line  on  the 
Congo,  which  is  to  be  run  alongside  the  Congo  Railway. 
Phosphor  bronze  wire  is  to  be  used,  with  Dejongh  apparatus 
with  magneto  bell  as  made  by  MM.  Mourlon  and  Co.,  of 
Brussels. 

Spain, — The  use  of  electricity  for  lighting  purposes  is 
said  to  be  spreading  in  Spain,  and  especially  in  Madrid. 
Though  the  Madrid  Gas  Company  has  for  a  long  term  of 
years  the  piivilege  of  lighting  streets  and  public  thorough- 
fares, two  foreign  and  some  native  companies  are  competing 
for  supplying  the  capital  with  electricity.  An  Anglo- 
Spanish  company  this  week  began  to  supply  theatres,  shops, 
and  private  houses. 

Lewes. — Another  public  meeting  was  held  last  week,  at 
which  the  Mayor  presided,  and  stated  that  he  and  Alderman 
Famcombe  had  been  to  Bath  and  Taunton,  and  were 
favourably  impressed  with  the  lighting  there.  The  result 
of  the  talking  was  that  the  Corporation  were  forthwith 
to  make  enquiries  with  a  view  of  substituting  electricity 
for  gas  as  a  means  of  lighting  the  town  ;  and  a  poll  of  the 
town  was  to  be  taken. 

St.  SaVionr's. — ^At  the  last  meeting  of  the  St.  Saviour's 
Board  of  Works  the  question  of  consenting  to  the  appli- 
cation of  the  Brush  Company  for  a  provisional  order  again 
came  up.  Major  Webber  urged  the  claims  of  the  company, 
stating  that  it  was  the  practice  of  the  Board  of  Trade  to 
give  power  to  two  companies  in  each  district,  and  at 
present  there  was  only  one  in  St.  Saviour's — viz.,  the 
London  Electric  Supply.    Nothing  was  settled. 

Coneentrlo  Wiring. — ^We  have  received  from  Mr. 
J.  D.  F.  Andrews,  of  41,  Parliament-street,  S.W.,  a  copy 
of  his  rules  for  concentric  wiring.  As  the  author  very 
pertinently  remarks,  and  this  applies  to  any  and  every 
system  of  wiring,  "if  it  is  not  introduced  upon  a  systematic 
basis,  and  is  carelessly  and  flimsily  carried  out,  the 
advantages  it  presents  will  be  entirely  overthrown." 
The  rules  appear  to  have  been  carefully  compiled  and  are 
clear  and  methodical. 

Bradford  (Torks.).— -The  report  of  the  Gas  and 
Electric  Supply  Committee  to  the  Town  Council  states  that 
since  the  openingof  the  works,  on  September  20th,  1889,  there 
has  been  a  regular  supply  maintained  on  all  circuits,  and 
the  committee  has  found  it  necessary  to  put  down  additional 
appliances,  which  will  greatly  increase  the  output  without 
inateriaUy  adding  to  the  cost  of  the  Works.     At  the  same 


time  they  have  had  to  spend  over  £13,000  on  their  gas 
works  for  extensions  and  improvements.  Just  bo  !  it's  a 
case  of  more  light  everywhere. 

Standards  of  E,]II«F.— MM.  Chassagny  and  Abraham 
have  been  making  certain  researches  into  the  heat  conduc- 
tivity of  metals.  The  experiments  were  carried  out  with 
iron-copper  couples,  each  formed  of  a  wire  of  iron  \  mm. 
diameter  and  a  copper  wire  '3  mm.  diameter.  The  per- 
centage of  pure  iron  was  99  7,  and  of  pure  copper  98*7. 
The  results  showed  that  thermo-electric  elements  were  very 
comparable  the  one  with  the  other,  and  that  they  might 
prove  useful  as  KM.F.  standards,  their  agreement  appearing 
to  the  experimenters  to  be  better  than  that  of  electro- 
chemical elements. 

Darmstadt. — ^The  central  station  has  been  enlarged  by 
the  addition  of  a  200-h.p.  engine  driving  two  dynamos  of 
66,000  watts  each.  Besides,  there  are  now  three  steam 
engines  of  100  h.p.  each,  and  one  engine  of  80  h.p.  in  the 
station.  The  former  drives  two  of  Siemens  and  Halske's 
dynamos  at  210  revolutions,  the  latter  drives  similar 
dynamos  at  220  revolutions.  A  storage  battery  is  also 
installed.  The  distributing  network  is  on  the  three-wire 
system,  and  consists  of  about  30,000  yards  of  lead-covered 
and  iron-armoured  cable  (Siemens  and  EUske's  manufa& 
ture)  feeding  about  50,000  lamps. 

Brasilian  Sabmarine  Telegraph  Company. — ^At 

the  thirty-fourth  ordinary  general  meeting  of  this  company  a 
dividend  at  the  rate  of  6  per  cent,  per  annum  was  declared, 
together  with  a  bonus  of  3s.  per  share,  or  altogether  Ih  per 
cent  In  the  course  of  his  speech,  reported  in  another 
column,  the  chairman  alluded  to  the  rock  ahead  in  the 
shape  of  the  termination  of  their  concession  some  two  or 
three  years  hence.  Much  was  being  done  with  reference 
to  this  event,  he  said,  and  the  board  was  keeping  a  vigilant 
watch  in  order  to  be  able  to  do  their  best  to  maintain  the 
shareholders'  interests  when  the  proper  time  came. 

Spanish-Aftioan  Cables.— The  following  communica- 
tion has  been  received  from  the  Foreign  Office :  "  A  despatch 
has  been  received  from  her  Majesty's  Ambassador  at 
Madrid,  enclosing  copies  of  a  Royal  decree  authorising  fresh 
tenders  to  be  invited  for  the  construction  of  the  telegraph 
cables  between  the  Peninsula  and  the  Spanish  possessions 
on  the  North  Coast  of  Africa."  The  new  conditions  are 
slightly  di£ferent  from  those  referred  to  in  our  issue  of 
Aug.  29,  p.l69.  None  of  the  tenders  received  in  answer 
to  the  first  application  have  been  accepted.  The  conditions 
(in  Spanish)  may  be  seen  at  the  commercial  department  of 
the  Foreign  Office,  London,  between  the  hours  of  11  and  5. 

Qermany, — Several  small  towns  have  given  orders  for 
the  erection  of  central  stations.  The  lighting  of  Blanken- 
burg-on-Harz  will  be  carried  out  by  Naglo  Bros,  for 
127,000  marks  (£6,350).  The  plant  for  Landsberg 
(Bavaria)  has  been  ordered  from  the  Allgemeine  Elektaici- 
tats  Gesellschaft,  Munich.  Moreover,  electric  traction  is 
making  progress  in  this  country,  the  town  of  Gtera  in 
Thuringen  having  decided  for  the  erection  of  an  electric 
railway  for  passenger  traffic  only,  whilst  in  Dortmund  the 
Berlin-AUgemeine  Electricitats  Gesellschaft  has  acquired 
from  the  German  Local  and  Street  Bailway  Company  the 
tramway  lines  in  order  to  run  electric  cars,  the  conductors 
being  overhead. 

Northampton. — At  a  recent  meeting  of  the  Town 
Council  the  committee  entrusted  with  the  matter  reported 
that  tenders  for  wiring  the  new  town  hall  buildings  had 
been  received  from  Crompton  and  Co.,  Limited,  the  Brash 
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Electrical  Engineering  Co.,  T.  Brown  and  Co.,  Laing, 
Wharton,  and  Down,  and  Booper  and  Tozer,  and  recom- 
mended that  the  Northampton  Electric  Light  Co.  be 
requested  to  provide  and  lay  the  wiring  for  the  new  town 
hall  buildings,  at  prices  not  to  exceed  the  average  of  the 
tenders  of  these  five  firms.  The  end  of  some  discussion 
was  that  the  report  was  referred  back  to  the  committee 
"  with  instructions.''  We  understand  that  Messrs.  Cromp- 
ton  and  Co.  are  to  supply  and  erect  the  machinery. 

City  Fmit  Market. — The  first  stone  of  the  new  City 
fruit  and  vegetable  market  was  laid  by  the  Lord  Mayor  on 
Wednesday.  It  is  situated  at  the  junction  of  Charterhouse- 
dtreet  and  Farringdon-road,  and  will  occupy  an  area  of 
30,000ft.  super.  Mr.  Alexander  Peebles,  the  City  archi- 
tect, is  the  designer,  and  the  estimated  cost  is  £80,000.  At 
a  subsequent  luncheon  in  honour  of  the  event,  the  Lord 
Mayor  said  that  he  did  not  despair  of  the  gas  and  electric 
light  supply  being  under  the  control  of  the  Corporation — 
some  day.  As  the  new  market  comes  within  the  area  of 
the  western  City  lighting  district^  tenders  for  which  are 
now  being  asked,  we  may  hope  to  see  the  building  lighted, 
as  all  such  buildings  should  be  lighted,  by  the  electric  light. 

Ufirhtliifir  in  America. — We  have  received  No.  2  of 
JFhipple*8  BeporU  for  October.  It  contains  a  long  and  useful 
list  of  central  station  and  street  railway  companies  in 
America.  With  regard  to  the  present  state  of  electrical 
business  Whipple  says  :  "  Beports  from  various  sections  of 
the  country  indicate  a  healthy  state  of  trade  throughout 
the  many  ramifications  of  the  electrical  business.  In  some 
sections  of  the  West  there  was  a  temporary  depression 
during  the  summer,  but  our  reports  this  month  indicate 
that  activity  is  once  more  the  rule.  The  cause  of  the  de- 
pression in  some  of  the  South- Western  States  was  due  in  part 
to  the  late  completion  of  building  contracts,  and  in  part  to 
the  increased  number  of  electrical  firms  who  were  asking 
for  business." 

Who  and  Where  is  He  7 — ^A  Continental  paper, 
devoted  to  finance,  has  delivered  itself  of  the  following 
precious  nonsense :  Dr.  Mandeuft,  of  Geneva,  has  found 
out  a  way  of  producing  electricity  for  nothing.  With  a 
half-horse  machine  he  can  feed  500  lamps.  The  apparatus 
is  made  up  of  a  hollow  sphere  of  zinc  of  50  cm.  diameter, 
and  a  massive  sphere  of  copper  40  cm.  diameter.  The 
copper  revolves  inside  the  zinc  sphere,  and  the  two  revolve 
at  the  same  time,  but  in  opposite  directions,  at  the  rate  of 
500  revolutions  a  minute.  Steam  at  a  pressure  of  six  at- 
mospheres is  delivered  into  the  gap  between  the  spheres, 
and  a  current  is  produced,  the  pressure  of  which  may  be 
increased  by  increasing  the  revolutions  and  the  steam 
pressure.  Trials  made  in  London  with  M.  Mandeuft's  first 
machine  are  quite  bewildering  the  scientific  world. 

Sunderland. — ^Last  week  the  Corporation  Highways 
Committee  considered  the  report  of  the  Electric  Lighting 
Sub-committee,  which  recommended  that  an  order  be 
applied  for.  The  borough  engineer  estimated  that  8,750 
16-c.p.  lights  would  probably  be  sufficient  for  the  streets 
proposed  to  be  lighted,  and  recommended  that  10,000  be 
provided  for.  On  Wednesday  last,  acting  on  this 
advice,  the  Corporation  Highways  Committee  decided  to 
apply  for  an  order.  There  appears  to  be  a  large  number 
of  tradesmen  in  the  town  who  are  ready  and  anxious  to 
adopt  the  electric  light.  We  are  sorry,  however,  to  see 
that  the  borough  engineer  is  in  favour  of  16-c.p.  lamps  for 
street  lighting.  We  do  not  think  they  are  adapted  for  it, 
and  they  certainly  do  not  appear  to  be  appreciated  at 


Leamington.  The  Sunderland  Corporation  seem  to  be  of 
opinion  that  the  cost  of  obtaining  their  order  will  not 
exceed  £50. 

An  Vniileasant  Idea. — We  have  heard  of  the  follow- 
ing idea  before,  but  we  cannot  say  that  our  liking  for  it 
grows  with  its  age.  A  Paris  doctor  wants  to  introduce  the 
art  of  electroplating  our  dead  selves  with  copper.  This  is 
how  we  are  told  he  proceeds.  First  he  embalms  the  body  which 
is  to  be  kept,afterwhich  it  is  placed  in  a  bath  of  concentrated 
solution  of  nitrate  of  silver,  from  which,  having  undergone 
sundry  other  operations,  it  comes  out  the  colour  of  polished 
silver.  A  very  thin  layer  of  copper  is  then  deposited  on  the 
features,  which  are  afterwards  varnished,  a  thorough 
resemblance  to  the  original  being  the  aim  kept  steadily  in 
view.  To  copper  an  infant  the  cost  would  be  about  300  or 
400  francs,  and  for  a  grown  person  from  3,000  to  4,000 
francs.  Once  coppered,  moreover — and  this  may  appeal 
powerfully  to  some  of  us — nothing  is  easier  than  to  have 
the  body  silvered  or  gilded  according  to  taste.  Talk  about 
gilding  the  pill ! 

Qodalmingr. — We  noticed  the  other  day  that 
Oodalming  was  going  to  try  the  electric  light  again,  and 
this  time  with  the  advantage  of  all  the  benefits  to  be 
derived  by  some  eight  or  nine  years  experience — often  very 
dearly  bought.  The  first  lights  seen  in  Godalming  were 
introduced  in  December,  1881,  by  Messrs.  Calder  and 
Barrett,  and  consisted  of  seven  Siemens  arc  lamps  and 
some  Swan  incandescents.  The  motive  power  for  driving 
the  dynamos,  also  of  Siemens'  make,  was  derived  from  two 
turbines,  whilst  a  semi-portable  steam  engine  by  Wallisand 
Steevens,  of  Basingstoke,  was  kept  as  a  stand-by.  The 
machines  were  placed  in  Pullman's  Leather  Works,  which 
were  also  lighted.  The  lights  do  not  seem  to  have  been  a 
great  success,  and  the  local  policeman  is  reported  to  have 
discovered  that  the  shortest  remedy  for  an  extinguished 
arc  was  to  violently  shake  the  lamppost,  a  proceeding 
which  frequently  produced  the  desired  effect.  We  manage 
things  better  now.  We  believe  the  lighting  was  discon- 
tinued before  the  winter  of  1882  set  in. 

PoUak's  miners'  Lamp. — This  lamp  is  thus  described 
in  a  recent  note  to  the  Academie  des  Sciences  (Paris) :  A 
rectangular  ebonite  box  holds  Pollak  accumulators,  which 
rest  on  a  metal  plate.  An  ebonite  cover  supports  an  in* 
candescent  lamp,  enclosed  in  a  thick  glass  globe.  The  whole 
is  covered  by  a  metal  cap,  bolted  into  place.  A  sheet  of 
soft  rubber,  between  the  ebonite  cover  and  the  box,  her- 
metically closes  it.  Bods  of  rustless  metal  are  let  into  the 
cover  having  platinum  contacts  at  their  bfl^e,  which  rest  on 
the  platinum  contacts  of  the  accumulators,  and  springs  at 
their  upper  ends.  One  of  these  springs  is  connected  with 
one  of  the  lamp  terminals,  the  other  terminal  being  insulated 
and  capable  of  being  connected  to  the  other  pole  of  the 
battery  by  means  of  a  needle  which  is  introduced  into  a 
horizontal  hole  in  the  cover.  The  contacts  being  in  the 
interior  of  the  box,  it  is  claimed  that  no  explosion  can  be 
caused  by  its  use,  and  that  the  lamp  can  be  lighted  or  ex- 
tinguished in  an  inflammable  atmosphere.  The  apparatus 
weighs  1,800  grammes  (about  41b.),  and  gives  on  an  average 
12  hours  of  light  at  from  *7  to  *8  cp.  (French). 

Bradford  Tramways. — Mr.  Cox,  the  borough  sur- 
veyor of  Bradford,  has  drawn  up  a  valuable  report  on 
tramways,  with  a  view  to  the  adoption  of  some  other 
method  of  propulsion  than  steam,  which  he  terms  objection- 
able. He  has  visited  Birmingham  and  Edinburgh,  and  is 
much  impressed  with  the  advantages  of  cable  trams,  though 
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the  route  on  which  it  is  proposed  to  introduce  the  system 
at  Bradiord  is  somewhat  unsuitable.  Still,  he  thinks  the 
mechanical  difficulties  are  not  insurmountable.  With 
regaid  to  electric  traction,  he  is  of  opinion  that  the  Man- 
ningham-Iane  line  would  be  a  very  good  one  on  which  to 
try  experiments  with  an  electric  car,  as  the  gradients 
compare  favourably  with  the  Birmingham  line.  He  mentions 
that  it  is  probable  that  the  Electric  Construction  Corpora- 
tion would  be  glad  to  lend  a  car  for  the  experiment,  and 
that  the  accumulators  could  be  charged  at  the  Bradford 
central  station  in  Bolton-road.  His  statement  that  the  car 
receipts  at  Birmingham  are  20d.  per  car  mile  with  electric 
as  against  lOd.  with  horse  traction  should  have  some  in- 
fluence with  the  Corporation  when  they  consider  his  report. 

Gravesend. — ^The  Parliamentary  Committee  of  the 
Qravesend  Town  Council  have  recommended  the  following 
special  matter  to  be  inserted  in  the  advertisement  of  inten- 
tion of  applying  for  a  provisional  order  for  electric  lighting  : 
"  That  power  be  taken  only  to  light  the  municipal  borough 
of  Qravesend,  and  that  the'  compulsory  area  within  which 
electric  lines  shall  be  laid  down  within  a  specified  time 
shall  be  New-road,  lUng-street,  and  Milton-road,  from 
Queen-street  to  Trinity  Church,  High-street,  Windmill-street, 
from  King-Street  to  Woodville-gardens,  Bailway-place,  and 
Woodville-gardens.  That  the  Corporation  shall  not 
propose  to  interfere  with  any  streets  not  repairable  by 
them,  but  that  they  shall  take  powers  for  crossing  under 
or  over  the  South-Eastem  Railway,  the  London,  Chatham, 
and  Dover  Bailway,  and  the  tramways."  The  committee 
also  recommend  that  the  highest  maximum  price  to  be 
charged  by  the  local  authority  shall  be  inserted  in  the 
draft  provisional  order;  that  no  electrician  need  be 
appointed  by  the  Council,  but  that  the  borough  surveyor  be 
instructed  to  prepare  the  plana.  These  recommendations 
have  been  adopted. 

Olty  Ltghtlngr. — Am  will  be  seen  in  another  column, 
the  Commissioners  of  Sewers  are  advertising  for  tenders  for 
lighting  the  western  district  of  the  City.  This  district 
comprises  the  area  bounded  on  the  north  by  the  City 
boundary,  on  the  east  by  Aldersgate-street,  St.  Martin's-le- 
Grand,  St.  Paul's-churchyard  (north  side),  Creed-lane,  and 
St.  AndrewVhill,  and  thence  along  Queen  Victoria-street 
to  Blackfriars  Bridge;  on  the  south  by  the  Victoria 
Embankment,  and  on  the  west  by  the  City  boundary.  The 
following  are  the  main  thoroughfares  to  be  lighted : 
Holbom,  Holborn  Viaduct,  Newgate-street^  Charterhouse- 
street,  King-street,  Long-lane,  Snow-hill,  Chancery-lane, 
Fetter-lane,  St  Andrew-street,  Shoe-lane,  St.  Bride-street, 
Farringdon-street,  New  Bridge-street,  Old  Bailey,  Fleet- 
street^  Ludgate-hill,  St  Paul's-churchyard  (north  side).  A 
plan  of  the  district  will  be  found  in  our  issue  for  April  19, 
1889,  p.  317  of  VoL  IH.  As  will  be  seen,  the  area  to  be 
lighted  is  a  great  centre  of  newspaper  and  book  production, 
and  the  chances  of  obtaining  private  customers  should  be 
very  good  for  the  successful  tenderer.  Taking  one  thing 
with  another,  the  lighting  of  the  City  seems  at  last  to  be 
in  a  fair  way  of  becoming  fact 

Dresden. — Three  tenders  have  been  sent  in  for  the 
central  electric  station — by  Messrs.  Siemens  and  Halske,  of 
Berlin ;  Schuckert  and  Co.,  of  Nuremberg ;  and  Kummer 
and  Co.,  of  Dresden — all  of  them  proposing  the  adoption 
of  continuous  current,  the  two  former  with  accumulators. 
For  a  capacity  of  31,000  installed  lamps  (25,000  of  them 
burning  at  the  same  time)  the  firm  of  Siemens  and  Halske 
propose  three  engines  of  450  h.p.,  each  driving  three  dynamos 


(each  of  320,000  watts),  for  the  snm  of  2,060,507  marks 
(£103,025),  including  buildings  and  foundations.  Messn. 
Schuckert  and  Co.  propose  three  engines  of  300  h.p.  each, 
and  three  dynamos,  for  2,648,000  marks  (£132,400),  whilst 
Messrs.  Kummer  and  Co.  specify  in  their  tender  four 
steam  engines  of  290  h  p.  each,  two  engines  of  580  h.p. 
each,  and  eight  78,750  as  well  as  four  162,500  watts 
dynamos  for  the  sum  of  about  3,000,000  marks  (XI  50,000) 
with  accumulator  reserve,  and  2,657,361  marks  (J&132,860) 
without  same.  Considering  the  low  price  of  the  tender 
and  the  care  with  which  the  specification  has  been  prepared, 
the  order  for  the  erection  of  the  central  station  has  been 
placed  with  Messrs.  Siemens  and  Halske,  who  expect  to 
begin  running  in  the  winter  of  1891-92. 

Instltiitlon  of  OivU  Sngineen. — ^The  council  of 
the  institution  has  issued  a  list  of  subjects  on  which  it 
invites  original  communications  during  the  ensuing  session. 
The  following  more  particularly  concern  our  readers :  The 
lighting  of  railway  carriages  by  oil,  gas,  and  electricity 
compared ;  electrical  traction  for  roads  and  railways ;  the 
design  and  arrangement  of  electric  supply  stations,  and  of 
electric  distributing  apparatus,  for  domestic,  trade,  and 
general  service  in  towns,  particularly  as  to  economy  and 
safety ;  the  comparative  advantages  of  gas  and  electricity 
for  lighting  purposes;  the  application  of  electricity  to 
bleaching ;  recent  researches  into  the  molecular  properties 
of  steel ;  the  production  of  aluminium  and  its  alloys,  and 
their  use  for  engineering  purposes ;  electric  mining  machi- 
nery for  pumping,  hauling,  and  coal-cutting  in  mines  and 
collieries;  the  application  of  electricity  to  smelting  and 
metallurgical  operations ;  the  electro-deposition  of  copper ; 
the  laying  out  of  engineering  workshops;  friction  at 
different  velocities,  and  the  comparative  value  of  different 
lubricants ;  the  utilisation  and  distribution  of  water  power ; 
liquid-fuel  motors,  and  their  applications ;  the  cost  of  the 
production  and  distribution  of  electrical  energy ;  the  dis- 
tribution and  application  of  electric  power  in  towns ;  elec- 
trical-measuring instruments,  such  as  ammeters,  voltmeters, 
power-meters,  and  supply-meters. 

Berlin. — We  have  frequently  had  occasion  to  call 
attention  to  the  progress  of  electric  lighting  in  Berlin. 
Here  are  a  few  recent  statistics  on  the  subject :  Last  year 
there  were  employed  for  the  lighting  of  theLeipzigerstrasse 
36  arc  lamps,  which  were  kept  burning  till  midnight; 
while  in  the  Unter  den  Linden  there  were  104  lamps,  of 
which  56  were  kept  alight  all  night,  the  rest  being  extin- 
guished at  12  o'clock.  At  the  close  of  the  year  ending 
March  31st,  the  number  of  public  establishments  lighted  by 
electricity  was  450,  as  compared  with  300  at  the  same  date 
of  the  preceding  year,  or  an  increase  of  150.  In  these  there 
were  826  arc  and  31,417  incandescent  lamps,  as  against 
540  arc  and  23,016  incandescent  lamps  in  1687-8,  an 
increase  of  286  and  8,401.  The  number  of  private 
establishments  lighted  at  the  end  of  March  last  was  237, 
as  compared  with  189  for  the  previous  year,  an  increase  of 
48.  Gas  engines  were  employed  in  79  cases  in  driving 
dynamos,  an  advance  of  26  on  the  preceding  12  months. 
There  were  2,796  arc  and  31,399  incandescent  lamps  in 
private  establishments,  as  compared  with  1,709  arc  and 
22,536  incandescent  lamps  in  1887-8,  being  a  rise  of  1,087 
and  8,863  respectively.  The  following  are  the  totals  for 
the  two  years :  Establishments  lighted  by  electricity  on 
March  31st,  1888,  489;  ditto,  on  March  3l8t,  1889,  687— 
increase,  198.  Total  number  of  arc  lamps  in  use  at  the 
above-mentioned  periods,  2,249  and  3,622  —  increase, 
1,373 ;  ditto  of  incandescent  lamps,  45,552  and  62,816-- 
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EFnCIENCT   OF    EDISON-HOPKINSON    DYNAMO 
AMD  WILLAMS  CENTRAL  VALVE  ENGINE. 

Variotu  tesU  have  b«en  pablished  from  time  to  time  of 
the  efficiency  of  Messrs.  Willans  aod  Robinson's  central 
Vkire  engine,  and  the  various  types  of  dynamos  with  which 
they  ue  combined.  At  a  recent  test  made  at  Thames 
Dittos  with  a  krge  Edison-Hopkinson  dynamo,  constructed 
by  Meatrs.  Mather  and  Flatt,  of  the  Salford  Iron  Works, 
Manchester,  a  result  haa  been  obtained  giving  an  efficiency 
luporior  to  anything  iireviously  attained. 

The  results  show  an  efficiency  of  engine  and  dynamo 
combined — i.e.,  the  ratio  of  the  electrical  power  available 
for  uaefnl  work  oateide  the  dynamo  to  the  indicated  power 
<A  the  engine — of  86-7  per  cent 

The  {(mowing  are  the  particulars  of  the  engine  and 
dynamo :  Compound  double-crank  engine  with  low-pressure 
eylinders  14in.  diameter,  stroke  6in.,  to  work  with  1201b. 


made  on  a  similar  combination  working  at  its  noniul  losd, 

with  the  following  results  : 

Resistance  of  armature 00056  ohms. 

Resistance  of  magnets  15-6     „ 

LH.P. 85-3 

E.H.P 700 

Hence  e^ciency  of  833 per  cent. 

The  electrical  losses  in  the  first  instance  are — 

Loea  in  magnet  coils,  756  watts  =  1*4  percent. 
Loss  in  armature  ...   1,386  watte  =  2'6      „ 
Eenee  tledrical  effidmcy  96*0  per  cent 

From  this  it  follows  that  the  lose  in  friction  in  the  engine 

and  dynamo  combined  is  10  per  cent,  of  the  indicated 

horse- power. 

Messrs.   Mather   and    Piatt    have  constructed  a  lirg« 

number  of  dynamos   for   combination    with  the  Willaiu 

engine.     Those  referred  to  above  are  part  of  a  number 


Combioed  Edison .HopkioBon  Dyaamo  and  Willana  Centrol^Talve  Engine. 


■team  preranre,  driving  direct  an  Edison-Hopkinson 
dynamo,  constructed  for  an  output  of  110  voU«,  475 
amperes,  at  430  revolutions  per  minute.  The  dynamo  has 
a  bar  armature — Patent  No.  4,884,  1886,  John  Piatt,  John 
Hopkinson,  and  Edward  Hopkinson — and  is  shunt  wound 
only,  and  ia  fitted  with  a  commutator  of  hard  drawn 
copper,  with  mica  insulation,  with  four  brushes  on  each 
rocking  arm. 

BesiBtance  of  magnets 16  ohms. 

Resistance  of  armature 0'0056     „ 

LH.P 83-5 

E.H.P. 72-2 

Hmee.  ^iaeney,  86-7  per  cent. 
Consumption  of  water  per  I.H.P.  hour  ...  21'61b. 
„  „  „    E.H.P.  hour  ...  25lb. 

In  tlie  test  made  on  this  combination,  both  engine  and 
dynamo  were  worked  to  a  somewhat  higher  load  than  their 
normal  or  specified  load,  and  this  no  doubt  would  to  a  slight 
extent  favourably  afiect  the  efficiency.    Anotlter  test  was 


made  to  the  order  of  Mr.  Hargreaves  for  the  City  installs' 
tiona  of  Messrs.  Spiers  and  Pond.  Others  of  a  considerably 
larger  output  are  in  progress  for  Messrs.  Gatti's  central 
station  in  the  Strand,  and  for  the  Westminster  Supply 
Corporation,  Limited,  installation. 


THE  WESTINGHOUSB  SYSTEM  AT  SARDINIA 
STREET  STATION. 


About  a  year  ago  the  English  Westingfaouse  Electric 
Company  handed  over  to  the  Metropolitan  Electric  Supply 
Company  the  Sardinia-street  station,  which  they  had  partly 
fitted  up  with  engines,  dynamos,  and  a^i^iratus  on  the 
WeatinghousB  system.  Since  that  time  theca^tMti^  o'  ^^^ 
station  has  been  doubled,  and  the  station  is  now  on%f>lthe. 
finest  in  the  country.  Both  the  mechanical  and  elect!iW 
details  have  been  thoroughly  worked  out,  and  the  eDterpri- 
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The  aocoraoy  attained  in  this  seriee  is  a  fair  speoimen  of  the 
whole. 

With  these  explanations  we  proceed  to  give  the  results  in  tabular 
form,  showingthe  date,  the  values  of  n  and  e,  and  the  resulting 
value  of  G.  The  wire  by  which  the  condenser  was  connected  to 
the  commutator,  together  with  the  commutator  itself,  had  a  certain 
capacity  which  was  determnied  in  the  same  way,  merely  discon- 
necting the  wire  from  the  condenser.  In  the  observations  in 
Deoemoer  and  June  we  found 

a=10(i=98730  e=28460  n=63-9 

whence  the  capacity  of  the  wires  is  -0000625  microfarads,  while  in 
Au^st,  after  the  apparatus  had  been  set  up  afresh  in  a  different 
position  with  new  connecting  wires,  the  value  of  c  was  22,200  and 
the  capacity  -0000799  micnSarads ;  for  the  wires  the  values  of  c 
could  be  determined  to  about  1  per  cent. 

In  the  table  the  value  of  C  has  been  corrected  for  the  capacity- 
of  the  wires. 

Table  L— Conbsnser  I. 


Date. 

Value  e 

Value  n. 

G  in  micro- 
farads. 

Mean  of 
series. 

Dec.  31, 1889 

May  20, 1890 

14,762-6 
7,372-3 
5,894-3 

14,772-9 
7,376-5 
5,896-4 

7,375-0 

14,745-9 
7,364-8 
5,888-4 

31-96 
63-90 
79-875 

31-93 
63-86 
79-825 

63-86 

31-939 
63-879 
79-849 

•021025 
•021016 
•021019 

-021023 
•021017 
•021025 

•021022 

•021038 
•021027 
•021030 

•021020 

June  16, 1890   ^ 

Aue.  27, 1890  

•021022 
•021072 

•021032 

Mean  of  the  whole,  -021024  microfarads. 
Table  n.— Gondenseb  IL 


Date. 

Value  c. 

Value  ft. 

Gin  micro- 
farads. 

Mean  of 
series. 

Deo.  31,1889 

13,967-4 
6,963*6 
6,675-1 

31-95 
63-90 
79-875 

•022238 
-022249 
•022225 

•022237 

May  20, 1890 

13,945-3 
6,967-4 
5,668-2 

31-93 
63-86 
79-825 

•022271 
•022283 
•022266 

•022273 

June  16,  1890    

6,953-4 

63*86 

•022296 

•022296 

Aug.  27,  1890  

13,774-6 
6,878-6 
5,600-4 

31-939 
63*879 
79-849 

•022623 
•022515 
•022618 

•022519 

Aug.  28,  1890  

6,878-6 

63-881 

-022516 

•022515 

Table  in.,  giving  the  capacity  of  two  mica  condensers  for  various 

frequencies  of  charge. 

Gondenseb  A. 


Frequency. 

June  12. 

June  14. 

June  16. 

Mean. 

21 
32 
64 
80 

-04886 
-04883 
-04868 

•  •  • 

•04886 
-04884 
-04868 
-04869 

■  •  • 

-048*64 

... 

•04886 
-04884 
-04867 
-04869 

Gondenseb  B, 

1 

21 

t  •  • 

-09642 

•  i  • 

•09642 

32 

•  •  • 

•09642 

»  •  • 

-09642 

64 

■  •  • 

•09634 

-00642 

-09638 

Taking  the  air  condensers  first  the  tables  show  that  at  any  rate 
for  frequencies  between  32  and  80  per  second,  the  time  of  charging 
has  no  effect  on  the  capacitv,  while  the  individual  observations  in 
each  series  are  within  1  in  2,000  of  each  other. 

For  condenser  I.  the  observations  at  frequency  64  are  in  all  the 
series  the  least,  but  this  is  not  the  case  with  condenser  II. 

The  capacity  of  condenser  I.  shows  no  change  between  December, 
1889,  and  June,  1800.  The  observations  in  August,  1890,  are  all 
rather  greater  than  the  earlier  series,  but  the  Increase .  about  1  in 
2,000  is  almost  within  the  error  of  the  experiments.  With  regard 
to  condenser  XL ,  there  is  an  indication  of  a  rise  in  its  capacity  all 
through.  It  will  be  remembered  that  we  have  already  shown  that 
the  insulation  resistance  of  II.  is  considerably  less  than  that  of  I., 
but  it  is  easy  to  see  that  this  leak  was  not  sufficient  to  account  for 
the  change,  for  if  R  be  the  resistance  of  the  leak,  then  our  approxi- 
mate formula  becomes 

nG+i= A  instead  of  nC=  — 
R     cd  cd 

Now  the  current  through  the  condenser  when  leaking  most  was 
about  -0002  £  G,  where  E  is  the  E.M.F.  to  which  it  is  charged, 
and  G  the  capacity  of  the  condenser. 


Thus  the  resistance  of  the  leak  is 


or -25  X  lOO  C.G.S, 


•0002  X  a 

units,  since  the  value  of  G  is  -02  x  10-^*.  This  resistance  is 
250,000  megohms. 

Hence  the  correction  to  the  capacity  =  1/n  R  =  -0002  x  C/n, 
and  this  is  far  too  small  to  affect  us. 

There  is  no  doubt,  then,  that  the  capacity  of  II.  altered  during 
the  experiments  by  about  1  per  cent.,  and  it  will  be  necessary  to 
take  it  to  pieces  and  set  it  up  again. 

It  will  be  remembered  that,  in  the  early  part  of  August,  the 
leak  in  II.  was  very  great,  and  it  seems  probable  that  the  steps 
ti^en  to  discover  the  cause  of  the  leiJc  have  produced  a  change  in 
capacity.  The  experiments  on  n.  then  serve  merely  to  snow 
tliat  the  capacity  can  be  found  by  the  rotating  commutator  method 
to  a  high  oe^ee  of  accuracy,  while  those  on  I.  prove  that  an  air 
condenser,  of  *02  microfarad  capacity,  has  been  constructed,  which 
has  retained  its  capacity,  unaltered,  for  the  eight  months  between 
January,  1889,  ana  August,  1890. 


Ficu  5, 

The  effect  of  the  leak  in  condenser  n.  was  still  further  investi- 
gated on  August  28th.  The  plates  of  11.  were  connected  by  a 
resistance  of  30  megohms.     Hence  the  correction  to  G,  which 

is  --4^,  becomes  -  -000620  x  10-",  when  n  =  64. 
nR 

The  value  of  G  found  with  the  leak  in  was  -023813  x  10-". 

Hence,  making  the  correction,  G  =:  ^02249  microfarads,  which  is 
sufficiently  close  to  the  value  found  without  the  artificial  leak. 

Table  HI.  shows  that  with  mica  condensers  not  very  much 
greater  in  capacity  than  the  air  condensers,  a  change  in  the  fre- 
quency of  the  charge  from  21  to  80,  produces  an  appreciable 
change  in  the  capacity ;  this,  of  course,  is  in  consequence  of  the 
absorption.  With  large  condensers,  as  we  have  alrMdy  seen,  the 
effect  is  more  marked. 


A/i 


M 


Cs 


Fig.  6. 

It  remains,  th^n,  to  give  an  account  of  the  experimente  under- 
taken for  the  purpose  of  comparing  mica  or  paraffin  condensers, 
as  ordinarily  used  with  the  air  conaensers,  and  of  investigating 
some  of  the  effects  of  absorption. 

The  two  well-known  methods  of  De  Sauty  and  Sir  William 
Thomson  have  both  been  employed. 

The  arrangements  are  shown  in  Figs.  5  and  6. 

The  first  Si  these  is  not  really  suitable  for  use  in  cases  in  which 
there  is  absorption,  though  with  care  a  fairly  accurate  measure  of 
the  instantaneous  capacity  can  be  found.  The  resistances,  Ri,  R,, 
can  always  be  arranged  so  that  the  effect  of  the  charge  rushing 
into  the  air  condenser  shows  itself,  as  a  sharp  kick  of  the  spot  of 
light — ^to  the  left,  say — followed  by  a  slower  deflection  in  the  other 
direction  due  to  the  absorption  charge  soaking  into  the  mica  or 
paraffin.  The  resistance  for  which  this  fharp  kick  practically 
disappears  is  fairly  definite,  and  from  it  the  instantaneous  capacity 
can  De  found,  while  an  observation  of  the  resulting  kick  due  to  the 
absorption  enables  us  to  calculate  the  increase  of  capacity  which 
arises  from  that  cause.    This  can  be  done  in  various  ways.    The 
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simpleit,  perhape,  is  to  dliooiuieot  the  oondensert  from  the  oirouit, 
and  replaoing  the  mica  oondeDser  by  a  variable  oondenaer  of  email 
capaoitv,  obeorve  the  kick  this  produoee  in  the  galranometer 
when  charg^  with  the  same  battery.  From  this  the  oapaoity 
to  which  the  abeorption  is  equivalent  can  be  approximately 
oalculated. 

Thue  a  oondenier  of  about  *1  microfarad  wae  compared  with  Dr. 
Muirhead'a  three  oondeneers  combined.  Taking  C,  R|  to  refer  to 
the  air  condenser,  we  had 

C,a '009506 

Ra=  '898660  ohme. 

and  with  Ri=80300  there  waa  a  slight  tremor  to  the  left  and  a 
movement  of  three  divisions  to  the  right ;  on  changing  B^  by  100 
ohms  the  change  in  the  motion  of  the  spot  was  manecT. 

Tills  gives  for  the  instantaneous  capacity  Ci=  *09660,  the  value 
found  by  the  oommutator  at  frequency  64  was  '00543  microfarads. 

To  evaluate  the  five  divisions  the  air  condenser  was  disconnected 
and  the  mica  condenser  replaced  bv  one  of  capacity  *001  micro- 
farads ;  the  kick  observed  was  4*8  divisions,  whUe  with  002  micro- 
farads it  was  nine  divisions,  thus  a  kick  of  five  divisions  corresponds 
to  about  *0011  microfarad  capacity.  Hence  the  capacity  of  the 
mica  condenser,  including  the  full  efiioot  of  absorption,  is  -0066 
microfarads. 

The  seoond  method,  about  to  be  described,  in  which  the  absorp- 
tion efiect  is  included,  gave  -0965  microfarads. 


Fzo.  A. 
Let  us  now  consider  the  seoond  method*    The  ourrent  from  a 


battel^ flows  through  a  large reeistanoe,  R^  +  ^iBi  P  B.  (Fig.  6). 
One  plate  of  eacA  condenser  is  in  contact  with  Bi  and  B.  respec- 
tively, let  Vi,  y,  be  the  potentials  at  these  points.    The  other 


plates,  Ai,  Af,  are  insulated  and  connected  together,  and  to  the 
galvanometer,  G,  the  other  pole  of  the  ealvanometer  can  be  con- 
neoted  to  P,  tiirough  the  insulated  key,  Ki.  The  galvanometer  can 
be  replaced  by  an  electrometer.  Let  Ri  be  the  resistanoe.  Pi  B,  R, 
the  resistanoe,  P  B^  Suppose  the  point,  P,  be  put  to  earth,  the 
rsst  of  the  circuit  being  insulated.  Then  if  Gi  C,  oe  the  capacities, 
it  is  easy  to  see  that  there  will  be  no  current  through  the  galvano- 
meter on  making  the  key  K„  if  d  Ri  =  C^  R^ 

Kow,  in  the  case  of  a  mica  or  paraffin  oonaenser  the  capacity  is 
a  function  of  the  immediate  past  historv  of  the  condenser,  and 
different  values  will  be  found  for  the  Ri,  K*,  according  to  the  time 
the  charging  has  lasted.  Dr.  Muirhead,  nowever,  who  uses  the 
method  laigely,  has  shown  how  to  obtain  the  instantaneous 
capacity  horn  the  observations.  His  method  is  described  in  the 
following  extract  from  a  letter  to  myself.  In  the  method  as 
described,  one  pole  of  the  battery  is  to  earth  instead  of  the  point, 
P,  of  Fig.  6. 


Fio.  B. 

Dr.  Muirhead  writes  :  "  I  have  "05  microfarad  nearly  in  air 
condensers,  and  a  series  of  mica  condensers  of  '1,  %  *3,  *331 
(original  1^)  and  *498  (original  *6)  mf.  capacity,  all  enclosed  in  a 
double  air-tight  box  to  Keep  the  temperature  as  uniform  as 
poiistble.  The  capacity  of  these  standards  is  determined  periodi- 
cally by  both  the  tuning  fork  method  (using  a  revohing  commu- 
tator instead  of  the  tunmg  fork),  and  by  the ballistto  galvanometer 
method.  One  can  make  comparison  of  these  condensers  among 
themselves  and  with  other  conaensers  by  the  method  I  adopt  to  an 
accuracy  of  4  in  10,000.  The  temperature  coefficient  of  shellacked 
mica  condensers  is  about  '018  per  degree  C.  and  of  paraffined  mica 
034  per  cent. 

Let  Si  be  the  capacity  of  the  air  condensers 
,,   S,        „  ,,  „       condenser  to  be  compared  with  air 

condensers. 
After  making  battery  contact,  supposing  the  charging  of  the 
condensers  to  be  instantaneous  and  the  absorption  nU,  then  we 
have 

rS,=(V-v)S, 


where  v  is  the  potential  of  the  jonotion  of  the  two  eondeassrs. 
Should  there  be  any  delay  in  obtaining  the  balance,  the  position  of 
V  on  the  sides  will  vary--eay  to  vi— tnen  the  ohaiges  on  the  two 
oondensers  will  be 

vi  Si  and  (V-Vj)  (8,4-^) 
respectively,  where  o*  is  the  apparent  increase  of  capacity  of  Bg,  due 
to  absorption  or  soaking  in  of  oharffe.  On  disconnecting  the 
armature  of  S*  from  the  slides  and  putting  it  to  O,  or  earth, 
the  potential  falls  from  V  to  O,  and  immediatehr  afterwards  the 
potential  of  iho  junction  of  the  two  condensers  becomes,  say,  v^ 


8i»i+S,(ri-V)=(8x+S,)tJi 
fi(Si+S,)-VS,=(Si+S|)«^ 

S,  =  Si.— 5-Jt 


so  that 
Henoe 

or  —     —-  ^ 

y  and  vi  are  known,  and  v^  is  indicated  at  once  on  an  electrometer, 
or  when  a  galvanometer  is  used  it  can  be  measured  quickly  thus  : 
As  soon  as  vi  has  been  observed,  break  the  galvanometer  contact 
and  move  the  index  of  the  slides  down  to  O,  then  directly  after 
bringing  the  armature  of  8|  from  the  full  potential  of  the  sudee  to 
zero,  dose  the  galvanometer  drouit  ana  observe  the  throw,  a, 
which  is  a  measure  of  V|,  the  potential  of  the  junction  of  the  two 
condensers." 

In  my  own  experiments,  which  were  made  after  consultation 
with  Dr.  Muirhead,  I  adopted  a  method  practically  the  same  as 
his ;  but  before  describing  it,  it  will  be  better  to  consider  rather 
more  the  effects  of  absorption.  Let  us  suppose,  at  first,  that  the 
leakage  from  either  condenser  Is  inappreicdable.  If  there  be  no 
absorption,  each  condenser  is  ohargea  to  its  full  potential  pna- 
tically  instantaneouidj,  and  it  does  not  matter  when  or  in  what 
order  the  k^vs,  Ki,  K^  are  put  down,  the  position  of  P  on  the 
slide  is  not  afieoiked. 

Suppose,  now,  that  Ci  shows  abeorption,  the  oapaoity  inereases 
with  the  time  of  chareine.  We  can  get  the  instantaneous  oapaoity 
by  depressing,  first,  &e  xey  Ki  and  then  K»  but  In  this  oase  we 
are  troubled  with  the  offset  of  the  slow  after  charging  as  in  the 
other  method.  Still  the  resistance,  for  which  the  lack  due  to  the 
initial  charging  disappears,  is,  wiUi  the  condenseis  I  employed, 
fairly  marked,  and  a  value  for  the  instantaneous  oapaoity  can  be 
thus  fairly  accurately  obtained. 

If,  now,  E^  be  made  for  I  second  and  then  Ki  depressed,  a 
different  position  will  be  found  for  P.  With  this  interval  of  charge 
the  apparent  capad^  differs  appreciably  from  its  instantaneous 
value,  and  the  after  effects  of  the  absorption  can  still  be  observed. 
The  same  is  true  for  intervals  of  2,  3,  or  4  seconds,  the  value 
obtained  for  the  capacity  increases,  and  the  after  effect  is  still 
noticeable ;  but  with  the  condensers  and  battel  used,  if  the  time 
of  chargpe  was  prolonged  to  5  seconds,  the  after  effect  was 
inappreciable,  and  the  position  of  P  on  the  slide,  and  hence  the 
apparent  value  of  the  oapadty,  were  hardly  affected  by  further 
increasing  the  timeof  charge.  In  theexperiments  on  a  cable  recorded 
in  Dr.  Muirhead's  paper  already  referred  to,  the  absorption 
effects  continue  much  longer.  In  toe  observations  recorded  below, 
then,  unless  the  contrary  is  stated,  the  key  K.  was  held  down 
for  five  seconds,  and  then,  Ki  being  [depressed,  Uie  position  of  P 
determined,  for  which  the  galvanometer  remained  unaffected.  The 
value  of  the  oapadty  deduced,  then,  is  tiie  full  oapadty  for  the 
potential  to  which  the  condenser  is  chareed.  It  is  of  course 
posnble,  though  further  experiments  would  do  wanted  to  prove  it, 
that  the  full  efiect  of  absorption  is  not  merely  to  increase  by  a 
definite  amount,  independent  of  the  potential,  the  apparent 
instantaneous  capacity,  but  that  the  increase  may  depend  on  the 
potential  to  whion  in  each  case  the  condenser  is  being  charged. 
It  will  of  course  depend  on  the  purposes  for  which  the  condenser 
is  to  be  used  whether  the  instantaneous  oapadty  or  the  full 
oapadty  is  required,  and  it  probably  will  be  best,  when  issuing 
certificates,  to  state  both  the  instantaneous  oapadty  and  the 
maximum  increase  due  to  absorption — ^mentioning  at  the  same 
time  the  potential  used  in  the  experiments  for  determining  this 
correction,  and  also  the  time  <tf  duuqging  in  which  this  maximum 
increase  is  practically  attained. 

The  metinod  I  emploved  in  determining  the  oorreotion  due  to 
absorption  was  the  following :  Suppose  the  plates,  Ai,  iu,  to  be 
at  potential  sero  and  uncharged.  Mi^e  the  battery  key,  K^,  and 
after  keeping  it  made  for  some  little  time  break  it  again.  If 
there  be  no  absorption  Ai  and  Am  will  still  be  at  zero  potential  and 
uncharged ;  but  let  there  be  aoeorption  in  one  df  the  two,  Ai, 
and  let  Bi  be  the  podtive  pole  of  tiie  battery ;  then,  while  the 
battery  is  on,  negative  electridtv  is  being  absorbed  by  the 
dieleotric  near  Ai,  and  podtive  electricity  is  left  free  over  the 
plates,  Ai,  A|,  and  the  wires  connecting  them.  When  the 
Wtery  is  broken  the  negative  dectridty  begins  to  soak  out,  but 
the  process  takes  time.  Hence,  if  immediately  on  breaking  the 
battery  key,  K^  the  galvanometer  key,  K.,  is  made  for  an  instant, 
there  is  a  tiirow  of  the  galvanometer  needle  indicating  the  passage 
to  the  earth  of  the  positive  set  free  by  the  absorption.  If,  after  a 
time,  the  galvanometer  key  be  again  depressed,  there  is  an  equal 
throw  in  the  oppodte  direction  causea  by  the  passage  of  the 
negative  which  has  affain  soaked  out  of  the  condenMr.  The 
requirsd  correction  is  obtained  from  dther  of  tiiese  throws. 

For,  let «  be  the  current  between  B^  and  B, ;  let  Ci  be  the  instan- 
taneous capacity  of  the  one  condenser  and  C|Of  the  other  ;  and  let 
Q  be  the  quantity  of  dectridtv  absorbed.  Then  the  quantity  of 
negative  eleotridty  on  the  plate  Ai  is  Ci  Ri,  R|,  t+Q,  and  the 
quantity  of  positive  electridtv  on  the  plate  Ag  is  C|  Rs  t,  if  we 
assume  the  potential  of  these  plates  to  be  still  zero. 

Therefore,  CiRit  +  Q=C,R,t. 

.    Ci^r^         Q 

a  ■      —  ■■■»  ^M*        ■    ir  ■     •^^^^■•i-^fc— 


Rl         Ca  Rj  i 
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If  E  be  the  B.M.F.  of  the  battery,  then  neglecting  the  battery 
reeutance 

E 


»= 


R\+R|| 


therefore 


Now,  we  have  seen  that  with  the  galvanometer  as  I  used  it,  if  y 
is  the  throw  produced  by  the  passage  of  a  quantity,  Q,  then  Q= 
7  X  1(M^ 

The  battery  consisted  of  36  storage  cells,  which,  when  fully 
charged,  had  an  E.M.F.  of  about  75  volts,  so  that 


Also, 


E=76xl0». 
Cg  =  *021  microfarads 
=  21  X  10-". 


Hence,  with  theee  numbers, 

C,      Ri      1676  \^       Riy 
Or,  writing  it  as  a  correction  to  C], 


C  =  e»^-  7 


Ri        76 


(-§) 


10". 


Examples  of  the  method  of  applying  this  correction  will  be 
given  shortly. 

It  will  be  noticed  that  a  leak  in  one  of  the  condensers  may  be 
corrected  for  in  the  same  wav.  For,  suppose  the  mica  condenser 
to  leak,  then  a  quantity  of  Q'  of  positive  electricity  passes  through 
to  the  plate,  Ai,  while  the  battery  current  is  on,  and  the  condition 
that  the  galvanometer  should  not  be  deflected  is 

C,Ra.-CiRj»=QS 

the  same  equation  as  previously. 

There  will,  however,  be  this  difference :  on  depressing  the  key, 
K,  after  breaking  the  battery  circuit,  a  positive  charge  will  in  both 
cases  pass  from  A  to  B  through  the  galvanometer  ;  u  this  charge 
be  due  to  absorption,  there  will,  when  the  key  is  again  depreeseid 
after  an  interval,  be  a  current  throueh  the  galvanometer  in  the 
opposite  direction  ;  while  if  the  first  cnarge  he  due  entirely  to  a 
leak,  there  will  be  no  effect  when  the  key  is  the  second  time 
depressed.  In  practice,  the  leak  and  the  absorption  may  e3dst 
together  either  in  the  same  or  different  condensers.  In  Uie 
second  case  the  leak  will  tend  to  produce  opposite  effects  to  those 
caused  by  the  absorption ;  the  quantity,  Q^,  however,  increases 
nearly  in  the  ratio  of  the  time  of  chareing,  while  Q  increases  for 
the  nrst  few  seconds,  but  soon  reacnes  a  maximum  and  then 
remains  constant. 

These  considerations  are  illustrated  by  some  experiments  in 
which  the  condensers  I.  and  II.  were  compared  with  various  mica 
condensers.  The  battery  key  was  in  each  case  made  for  30 
seconds.  It  was  then  broken,  and  the  galvanometer  key  was  made 
for  an  instant,  the  resulting  throw  was  the  sum  of  those  due  to  (1) 
the  leak  in  the  mica  condenser  (X),  say,  (2)  the  absorption  in  that 
condenser  (a)  say,  and  (3)  the  leak  m  the  air  conaenser,  which 
produces  an  effect  in  the  opposite  direction -X\  say. 

After  about  30  seconds  more  the  key  was  again  depressed,  the 
resulting  throw  is  due  to  the  absorbed  electricity  which  has  again 
leaked  out,  and  will  give  us -a. 

The  following  table  gives  the  results.  Each  observation  entered 
is  the  mean  of  those  or  four. 


Condenser  com- 
pared with  standard 

— 

I. 

II. 

•05 

X+o-X» 
— a 

2-3 
—3 

—7-3 
—2-6 

•1 

X+a— X* 

2-2 

—9 

— a 

—3 

—3 

•1 

X+«— X» 

— a 

2*2 
—2-2 

-7 
—3-5 

•5 

X  +  a— X* 

— a 

3*3 
—3-3 

—4 

— 2-5 

•I 

X+a— XI 

— a 

4 
—6 

— 3*2 
-5-7 

If  we  take  the  comparisons  with  condenser  I.  first,  it  appears 
that  throughout  X  •*  X^  is  small.  For  the  *05  and  *1  microfarad  it 
may  be  about-  *5  divisions,  while  a  is  about  3  divisions ;  for  the 
*5  microfarad  a  is  rather  larger,  being  about  3*3,  and  X— X^  is  zero, 
while  for  the  1  microfarad,  a,  the  absorption  effect  is  distinctly 
larger,  being  5  divisions,  and  X-X^  is  about -1.  All  this  is,  of 
Dourse,  quite  consistent  with  the  fact  that  condenser  I.  and  the 
mica  condensers  insulate  well  while  there  ifl  absorption  by  the 
mica. 

When,  however,  we  come  to  the  oondeoser  II.  the  results  are 
quite  different.  While  the  absorption  e£5Bcts  are  comparable,  as, 
li  course,  they  ought  to  be,  with  those  obtained  in  the  comparison 
with  I.,  the  leakage  effects  are  very  hurge. 

The  values  of  X-X^  in  order  are  as  follows :  -9,  -12,  *10'6, 
-6*5,  -8.  Now,  we  know  that  the  mica  condenser  shows  very 
little  leak  effect,  the  above  leaks  are  therefore  almost  entirely  in 
the  air  condenser  II.    If  we  suppose  the  total  len^k  to  be  propor- 


tional to  the  time,  then  for  the  5  second  charges  used  in  the 
experiments  the  corresponding  values  of  y  in  the  correctionB  to  be 
introduced  for  leakage  will  be  1/6  of  the  above,  and  thus  we  get 
the  following  results : 

.Correction  to 
Condensers.  Value  of.  capacity  in  microfarads 

for  the  leak. 


...•06 

•r 

•6 
1*0 


1*5 
2 
1 
1 


^00007 
*00016 
*0003 
•0007 


It  is  dear  that  the  corrections  are  in  all  cases  small,  being  not 
much  over  1  in  1,000,  but  they  serve  to  iUustrate  the  method. 
The  above  corrections  are  only  those  for  the  leak,  the  correction 
for  absorption  could  be  found  in  the  same  way. 

With  a  view  to  testing  the  method  in  a  case  in  which  a  leak  o^ 
existed  without  absorption,  a  number  of  comparisons  of  L  and  IL 
were  made. 

In  these  experiments  the  resistance  with  .L  was  296,240.  The 
resistances  with  n.  and  the  deflections  due  to  the  leak  obtained 
by  breaking  the  battery  and  then  making  the  galvanometer,  are 
given  below,  together  with  the  ratio  of  the  two  capacities  conrected 
for  the  leak. 


Interval  between 

Leak  in 

scale 
divisions. 

battery  and 

g^vanometer 

contacts. 

Resist- 
ance. 

Ri 

Correction. 

Ci 

0* 

275,980 

0 

1*0734 

0 

1*0734 

6* 

276,180 

2*6 

10766 

—•0032 

1-0133 

30- 

271,380 

14*5 

1*0916 

*  —■0184 

liyjS2 

eo' 

267,180 

22*5 

1*1088 

—•0286 

1-0802 

5" 

91,370 

5 

4*3223 

-0168 

4-3391 

30* 

92,670 

22 

4*2617 

•0743 

4*3360 

60* 

94,170 

42 

4*1938 

•1416 

4*3353 

The  last  three  lines  of  the  table  eive  the  results  of  a  series  of 
comparisons  between  II.,  which  had  a  leak,  and  a  condenser  of  *1 
microfarad,  which  showed  absorption.  The  resistance  with  IL 
was  394,930  ohms. 

In  the  first  four  lines  the  corrections  are  negative,  for  the 
capacity  of  the  leaky  condenser  is  being  found  in  terms  of  the 
standard.  In  the  next  three  lines  they  are  positive,  for  the  ratio 
of  the  mica  condenser  to  the  leaky  standard  II.  is  being  found. 

A  comparison  of  the  fourth  and  sixth  columns  shows  the  results 
of  the  correction.  In  the  fourth  line  it  is  clear  that  the  correction 
is  not  large  enough.  This  probably  arises  from  the  difficulty  of 
makine  contact  with  the  galvanometer  circuit  sufficiently  soon 
after  the  battery  is  broken  to  ensure  that  the  whole  of  Uie  charge 
accumulated  by  the  leak  should  pass  through  the  galvanometer. 

The  leak  correction  was  also  tested  with  similar  results  by 
putting  an  artificial  leak  in  L 

We  will  now  give  some  specimens  of  the  observations  made  to 
compare  I.  with  the  mica  condenser  in  order  to  show  the  acouracy 
attained.  Condenser  I.  compared  with  *1  microfarad ;  resistance 
with  L,  493,560 ohms;  resistance  with  *1  microfarad,  106,800+ a 
in  ordinary  variable  resistance  g^ven  below. 

In  the  table  in  which  the  effect  of  the  galvanometer  is  shown  by 
the  letters  R,  L,  in  the  last  column,  R  means  there  was  a  deflec- 
tion to  the  right,  L  to  the  left. 


Interval  between 

galvanometer  and 

battery  contact. 


6" 


0" 


Variable  resistance 

to  be  added 

above. 


{ 
{ 


700 
400 
500 

400 
700 
600 


a,200 
1,300 

,1,400 


Effect  on 
galvanometer. 


R 

L 

Very  small  R 

L 
R 
L 


Tremor  L,  then 


Thus  in  this  case  the  effect  of  an  alteration  of  100  in  the  resist- 
ance, «.e.,  T7^  of  the  whole,  is  very  marked,  and  we  may  take  the 
following  values  for  R : 

5"  interval    105,800  +    600 

2"        „         105,800+    650 

0"        „         105,800  +1,300 

Other  series  of  observations  showed  that  the  resistance  for  10 
seconds  interval  was  the  same  as  for  5  seconds ;  if  the  interval  was 
prolonged  to  30  seconds  a  very  small  increase  in  capacity  was 
noticeable.  Thus  the  effect  of  absorption  is  to  increase  the  capacity 
of  the  *1  microfarad  by  about  8  in  1,000,  or  -008  of  the  whole,  of 
this  -0065  shows  itself  in  the  first  2  seconds  of  charging  and  -0015 
afterwards,  the  increase  after  5  seconds,  if  any,  being  extremely 

■mA.ll, 
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When  oomparing  I.  with  *5  microfarad  the  reeiitanceB  ased  were 
592,290  and  24,910  reepecUvely.  In  this  case  an  alteration  in  the 
latter  reeiatanoe  of  10  ohma,  or  y^,  was  easily  seen.  The  follow- 
ing are  the  results : 

Interval.  Resistance. 

10"    24,900 

6"    24,900 

2"    24,930 

0"    25,060 

Showing,  again,  that  the  absorption  effect  disappears  after 
five  seconds,  and  that  the  effect  of  absorption  in  two  seconds  is 
about  "0052,  and  in  five  seconds  about  -0064  of  the  whole,  capacity. 

When  comparing  with  one  microfarad  the  resistances  were 
592,290  and  12,580,  the  last  number  being  accurate  to  about  five 
ohms,  or  about  the  same  proportion  as  before. 

The  results  of  the  various  observations  are  given  in  the  follow- 
ing table,  the  observations  made  with  U.  have  been  corrected  for 
the  leak  as  already  explained : 

Tablx  giving  the  capacities  of  certain  mica  condensers  as  compared 

with  the  air  condensers. 


) 


Date. 

Value  from  I. 

Value  from  11. 

Value  found  by 

commutator 
at  frequency  64. 

Aug.  19 

23 

*04934 
•04934 

•04938 
-04936 

•04867 

June  17 

Aug.  14 

18 

21 

•09772 
•09751 
•09773 
•09773 

•09780 

•09786 
•09781 

-09638 

Aug.  18  (M) 
18(A) 
21 

•5006 

•5007 
5006 

•5008 
•5009 
•5010 

— 

Aug.  18 

«x 

•9910 
•9913 

•9912 
•9912 

^^^ 

It  will  be  noticed  that  for  either  condenser  I.  or  II.  the  results 
are  in  very  dose  accordance  ;  with  the  exception  of  one  observa- 
tion, on  August  14th,  the  differences  are  barely  as  ereat  as  1  in 
5,000,  and  the  method  is  clearly  capable  of  giving  the  value  of  a 
mica  condenser  in  terms  of  the  air  condenser  to  this  accuracy. 

The  reason  for  the  low  result  on  Aug;ust  14th  is  to  be  found  in 
the  fact  that  on  that  day  the  leak  in  I.  was  considerable,  being, 
as  we  have  seen,  over  1  per  cent,  per  minute.  Full  observations 
for  the  correction  were  not  taken ;  it  would,  however,  amount  to 
about  ^0002  judged  by  the  correction  required  to  observations  on 
n.  when  leaking  at  a  similar  rate. 

The  results  m>m  11.  are  equally  consistent  among  themselves, 
but  all  slightly  greater  than  those  from  I.  This  would  indicate 
that  the  oorrootlon  applied  for  in  the  leak  in  n.  is  rather  too  lanre. 

The  capacities  given  in  the  table  are  those  found  with  a  five 
seconds'  interval,  oy  which  time,  as  we  have  seen,  the  absorption 
in  the  mica  condensers  used  is  practically  complete.  We  have 
already  discussed  the  method  of  determining  tne  instantaneous 
capacity,  and  a  table  of  the  corresponding  vaiuee  could  easily  be 
given. 

For  oar  present  purpose  it  is  hardly  necessary  to  do  this,  and, 
bideed,  for  many  purposes  for  which  condensers  are  employed,  a 
knowledge  of  the  full  capacity  is  more  useful  than  one  of  the 
instantaneous  one.  In  the  last  column  the  values  of  the  capacities 
found  by  the  commutator  method  are  given,  the  differences  in 
both  cases  amount  to  about  1^3  per  cent,  of  the  capacity. 

During  the  forthcoming  year  condenser  II.  will  be  again  set  up 
and  tested,  and  the  permanent  arrangements  for  rapidly  compar- 
ing condensers  and  for  issuing  certificates  will,  I  hope,  be 
completed. 


GLASGOW  CORPORATION  TRAMWAYS. 


Report  bt  the  Sub-oommitteb  Appointkd  bt  the  Tramways 
ComaTTKX  ON  22yD  Auausv  to  Consideb  the  Question  of 

WOBKINO    THE    TbAMWATS  fiT  ElEOTRICAL  OR  OTHER    MOTOB 

Power,  and  to  Report  what  Action  should  be  Taken  in 
THE  Matter. 

In  compliance  with  the  remit  made  to  them,  the  sub-committee 
beg  to  report  that  they  have  made  enquiry  and  examination 
renrding  the  most  recent  developments  of^tramway  traction. 

Cable  and  steam  traction  were  investigated  and  reported  upon 
under  previous  Remits.  Continued  progress  and  improvement  in 
the  adaptation  of  both  of  these  systems  to  the  working^  of  tramways 
bave  been  made,  but  the  sub-committee  did  not  consider  it  expe- 
dient to  renew  investigation  of  these,  although  they  embraced 
such  opportunity  as  naturally  presented  itself  of  acquiring  infor- 
mation relative  to  developments  of  these  systems. 

For  the  reason  ^ven,  the  sub-committee  have  at  this  time 
mainly  directed  their  attention  to  electric  traction.  That  form  of 
traction  is  by  no  means  new,  but  until  recently  it  had  not  taken 
such  siiape  as  made  its  adoption  on  the  streets  of  our  towns  a 
practical  poesibilitv.  The  electric  force  was  conveyed  by  overhead 
wires  or  by  a  wire  laid  in  a  trough  in  the  street  or  through  the 


medium  of  the  rail  or  other  conductor,  all  of  which  had  some 
objectional  feature  as  i4>plied  to  street  tramways,  but  which  for 
present  purpoees  it  is  unnecessary  to  enter  upon.  Experimen- 
talists were  nevertheless  at  work  endeavouring  to  devise  a  systdn 
whereby  electrical  energy,  developed  at  a  centnd  station,  might 
be  stored  in  accumulators  and  applied  to  the  working  of  motors 
on  individual  cars.  No  tramway  company  seemed  to  care  to  take 
up  the  periecting  of  the  work.  The  General  Electric  Power  and 
Traction  Company,  Limited,  however,  set  themselves  towards  the 
solution  of  the  question,  and  have  done  so  in  a  venr  practical 
manner.  Under  arrangement  with  the  North  Metropolitan  Tram- 
ways Company,  London,  thejTf  about  15  months  ago,  entered  upon 
the  working  of  over  a  mile  of  street  tramway  at  Barking,  a  suburb 
of  London,  and  undertook  the  running  of  cars  thereon  at  a  fixed 
charee,  including  drivers,  but  not  conductors,  of  4id.  per  mile. 
For  tne  performance  of  this  oblira&tion  they  erected  a  work  for  the 
generation  of  electric  power  and  tor  the  storage  of  cars  near  one  of 
the  termini,  and  since  then  they  have  continued  to  run  a  service 
of  paoBenger  cars  on  the  road,  over  100,000  miles  having  been  run. 
Practical  difficulties  have  been  gradusllv  overcome,  till  now  there 
is  little  doubt  of  the  successful  issue  of  the  experiment.  The  main 
point  remaining  to  be  solved  is  the  life  of  the  oatteries  or  accumu- 
lators, and  depending  on  that  is  the  total  expense  of  working  the 
cars  per  mile  run.  However,  the  experience  gained  by  the  North 
Metropolitan  Tramways  Company  in  observing  what  the  Electric 
Power  Company  has  been  able  to  accomplish,  mis  led  the  tramway 
company  to  obtain  parliamentary  sanction  to  an  extension  of  the 
svstem,  subject  to  the  approval  thereof  by  the  local  authorities. 
The  tramway  company  have  accordingly  applied  to  the  local  autho- 
rities for  permission  to  use  electric  power  on  a  further  length  of 
tramways ;  and  contingent  on  such  approval  and  the  completion 
of  arrangements  with  the  Electric  Power  Company,  the  tramway 
company  have  resolved  to  extend  the  system  of  electric  traction. 

The  sub-committee  were  much  pleased  with  their  visit  to 
Barking.  The  tramway  is  a  single  line,  1^  miles  long,  having  loop 
lines  or  sidings  for  passing,  and  there  are  some  steepish  graaiente 
and  quick  curves  upon  it,  all  of  which  are  successfully  overcome 
in  the  working.  Tlie  weight  of  the  car  in  running  order  is  about 
six  tons.  Th^  are  evidently  well  patronised  ana  appreciated  by 
the  public  There  is  a  total  absence  of  smell,  vapour,  or  other 
nuisance ;  the  machinery  is  entirely  concealed  under  the  car,  the 
same  power  which  propels  the  car  also  lights  them  electricallv, 
and  they  are  thus  clean  and  well  lighted.  They  have  all  the 
appearance  of  ordinary  street  cars,  and  we  saw  no  instance  of 
timidity  or  fear  in  the  horses  pawing  the  same. 

While  such  work  has  been  going  on  in  London,  the  Birmingham 
Central  Tramway  Company  have  proceeded  further.  That 
company  are  now  and  have  been  for  nearly  three  months  working 
the  tramways  extending  from  Birmingham  along  the  Bristol-road 
to  Boumbrook  by  electric  power.  The  system  is  the  same  as  is  in 
use  in  London,  but  on  a  lar^r  scale.  The  Birminj^ham  company 
having  been  able  to  start  with  the  experience  obtamed  in  London, 
their  cars  and  machinery  are  more  perfected  than  those  in  London. 
The  Bristol-road  tramway  is  a  double  line,  three  mUes  in  length, 
on  which  a  15  minutes'  service  is  given  entirely  by  electric  power. 
The  service  is  about  to  be  increased  to  a  car  every  10  minutes. 
Each  car  runs  about  72  miles  per  day,  the  total  daily  run  being 
now  360  miles.  The  speed  is  restricted  by  Board  of  Trade  to 
eight  miles  an  hour.  One  set  of  batteries  run  the  car  for  one-half 
the  day,  and  the  changing  of  the  batteries — which  is  done  within 
the  yard— occupies  omy  some  three  or  four  minutes.  There  are 
stimsh  gradients  on  tne  route,  also  some  sharp  curves,  so  that 
bogie  cars  have  been  adopted.  The  weight  of  tnis  car  in  running 
oraer  is  about  eiffht  tons,  and  60  passengers  are  carried.  The 
motors  seem  capable  of  readily  accompUshing  all  the  work  required 
of  them,  and  on  the  car  which  was  put  at  our  service  a  speed  of 
from  10  to  12  miles  an  hour  was  easily  obtained. 

The  tramway  company  express  themselves  as  thoroughly  satisfied 
with  their  venture.  Their  orawinn  per  car  mile  exceed  those  of 
the  steam  or  cable-moved  cars,  wnich  are  owned  and  worked  by 
the  same  company.  The  one  point  to  be  solved  by  them,  prior  to 
further  extension  of  the  system,  is  that  of  depreciation,  and  it  is 
apparent  that  can  be  solved  only  by  a  continuance  of  practical 
work. 

The  Electric  Power  Company,  whose  a^nt  was  also  present, 
said  that  that  company  was  preparing  to  give  guarantees  to  users 
of  the  batteries,  and  indicatea  such  ^pires  to  us  in  respect  of  the 
cost  and  depreciation  of  Uie  same,  m  the  event  of  their  general 
adoption  on  an  extensive  tramway  system,  as  would  leave  no 
douDt  of  a  successful  issue  of  the  working.  As  regards  the 
Birmingham  tramwavs,  we  would  repeat  all  Uiat  has  been  already 
said  as  to  the  cleanliness,  satisfactory  electric  lighting,  freedom 
from  smell,  noisC)  or  other  unpleasantness  on  the  electric  oars. 
The  cars  seem  to  be  well  appreciated  and  well  patronised,  and, 
with  a  considerable  vehicular  traffic  alongside,  we  did  not  observe 
any  fear  or  timidity  on  the  part  of  the  horses. 

In  conclusion,  we  are  of  opinion  that,  having  regard  to  the  near 
termination  of  the  lease  of  the  Glasgow  tramways,  the  end  of 
which  is  the  natural  time  for  making  a  change  in  motive  power, 
the  time  has  come  when  application  should  be  made  to  Parliament 
for  authority  to  use  electric  and  other  power. 

The  sub-committee  would  therefore  recommend  that  application 
be  made  in  the  ensuing  session  of  Parliament  for  authority  to  work 
the  Glasgow  Corporation  tramways  by  electric  and  other 
mechanical  power,  the  present  right  of  working  by  animal  power 
being  of  course  retained,  and  that  a  Bill  should  be  preparea,  and 
the  re(}uisite  notice  for  same  be  dulv  given. 

It  will  doubtless  be  that  such  authority  would  be  inanted,  Bub> 
ject  to  the  supervision  and  control  of  the  Board  of  Trade,  bat  to 
that  there  oould  be  no  objeotion» 
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DETERIORATION. 

Mr.  Preece  has  had  a  hand  in  a  good  many 
reforms,  and  among  other  things  has  more  than 
once  touched  upon  (][uestions  of  photometry.  A 
settlement  of  this  question  is  of  some  importance, 
especially  when  it  is  considered  that  local  authorities 
entering  into  contracts  with  supply  companies  will 
undoubtedly  check  the  candle-power  contracted  for 
with  that  actually  supplied.  This  view  of  matters 
is  amply  confirmed  by  what  has  taken  place  at 
Leamington.  In  this  town,  as  most  of  our 
readers  are  aware,  is  an  electric  light  installa- 
tion, supplying  a  part  of  the  town  with 
light  for  the  streets.  The  lamps  are  mainly 
incandescent,  and  nominally  should  give  a  light 
of  16  candles.  The  contract  is  said  to  impose 
upon  the  supply  company  the  supply  of  lamps  of  16 
c.p.  The  report  of  the  Watch  Committee  to  the 
Council  states  that  during  14  days  80  of  the  electric 
lamps  were  tested,  22  of  which  were  selected  as  bad, 
their  average  illuminating  power  being  10*2  candles. 
The  remaining  58  taken  haphazard  gave  an  average 
illuminating  power  of  14' 5  candles.  Elsewhere  will  be 
found  a  report  of  the  discussion  on  the  subject  by 
the  Leamington  Town  Council,  a  discussion  which 
ended  with  a  motion  to  try  and  obtain  back  from 
the  company  money  sufficient  to  recoup  the  town 
for  previous  overcharge,  and  to  prevent  such  over- 
charge in  future. 

Electric  light  companies  have  had  the  good  fortune 
in  many  cases  to  be  treated  very  leniently  in  the 
way  of  contracts,  but  a  more  stringent  interpretation 
of  their  clauses  will  gradually  come  into  operation. 
Those  who  have  to  pay  will  insist  upon  getting  what 
they  pay  for.  This  is  but  just  and  cannot  well  be 
objected  to.  However,  it  will  affect  supply  com- 
panies in  two  ways.  Li  the  first  place,  there  must 
be  some  definite  system  of  photometry  adopted, 
sanctioned  by  authority,  that  will  prevent  different 
people  giving  different  values  to  the  same  light. 

The  more  troublesome  question  relates  to  the 
deterioration  of  the  lamps  themselves.  A  lamp 
which,  under  pressure  of  the  q>ecified  voltage,  gives 
a  satisfactory  16  candles  when  newly  installed,  soon 
begins  to  lose  its  candle-power.  There  are  several 
causes  of  this  decay,  which  are  natural  and  always 
expected.  Concerning  ourselves  for  the  moment 
about  one  only,  the  blackening  of  the  bulb  causes  a 
loss.  Now,  if  the  contract  has  to  be  carried  out 
strictly,  the  contractor  must  make  provision  against 
this  loss.  Assume  that  after  a  month's  use  the 
lamps  at  the  specified  voltage  give  an  average  of 
only  15  candles,  then  probably  the  voltage  would  be 
raised  if  any  demand  was  made  from  the  local 
authority  to  the  supply  company.  The  latter 
evidently  cannot  afford  to  replace  lamps  that  are  half 
or  one  candle  too  low  in  illuminating  power; 
probably  do  not  care  to  replace  such  as  give  an 
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average  of  10*2  instead  of  16,  as  at  Leamington. 
3 till,  no  purchaser  cares  to  pay  full  price  for  light  of 
^hich  he  receives  only  two-thirds.  Of  course  no 
definite  figures  can  he  given  as  yet  as  to  the  time  an 
ordinary  lamp  will  give  its  normal  candle-power 
under  normal  conditions.  The  whole  field  has  to  he 
worked  out,  but  it  is  clear  that  lamp  manufacturers 
have  a  responsibility  that  they  really  seem  not  to 
realise,  and  upon  the  commercial  eflSiciency  of  their 
lamps  depends  much  of  the  success  of  supply  com- 
panies. It  is  not  a  question  of  a  lamp  lasting  under 
normal  pressure  for  a  thousand  hours,  and  selling 
for  a  couple  of  shillings:  it  is  a  question  of  its 
efi&ciency  in  normal  candle-power  lasting  through 
the  longest  length  of  time.  A  lamp  selling  for  two 
shillings,  and  giving  16  candles  during  750  hours, 
under  normal  pressure,  and  then  breaking,  is  better 
than  a  lamp  that  lasts  under  the  pressure  2,000 
hours,  and  gives  only  500  hours  normal  candle- 
power.  Fortunately,  or  unfortunately,  the  lamp 
manu&cture  in  England  is  a  monopoly.  The 
monopolists  have  not  acted  in  a  manner  to  induce 
suggestions  from  any  quarter,  and  it  is  a  thankless 
task  to  attempt  to  serve  their  interests.  No  doubt 
extraordinary  efforts  will  be  made  to  extend  the 
monopoly,  but  the  opposition  to  this  course  will  be 
80  great  as  to  render  such  a  result  impossible.  It 
must  be  well  understood  that  unless  the  lamps  made 
are  satisfactory  to  users,  a  score  of  makers  will  appear 
as  soon  as  the  patent  rights  expire.  It  should  be  the 
aim  of  the  existing  combination  to  make  lamps  so 
good  that  new  competitors  would  have  no  chance  to 
excel.  Why  do  we  insist  that  the  lamp  makers 
have  to  solve  this  problem  ?  This  is  readily  seen  by 
considering  that  an  installation  is  designed  for  a 
certain  purpose.  Dynamos  are  put  down  with 
engines  to  run  a  definite  number  of  revolutions  per 
minute,  to  give  a  certain  pressure  at  that  number  of 
revolutions.  The  mains,  fuses,  etc.,  are  designed  to 
take  their  part  in  the  system  under  these  predeter- 
mined conditions.  If  now  the  lamps  are  expected 
to  give  16  candles  under  100  volts  pressure,  and  for 
some  reason  or  other,  inherent  to  the  lamps,  the 
voltage  has  to  be  raised  to  115  or  120  volts  in  order 
to  obtain  the  16  candles  contracted  for,  then  the 
whole  system  is  strained  in  a  manner  for  which  it 
was  not  designed.  While  everything  may  be 
perfectly  satisfactory,  except  the  lamps  in  the 
normal  state  of  running,  the  same  may  not  happen 
under  the  excess  demand.  Unless  lamps  can  be 
produced  that  wiU  deteriorate  very  slowly,  it  will  be 
necessary  to  start  with  lamps  giving  considerably 
more  than  the  candle-power  below  which  they  are 
rejected.  Thus  if  the  contract  is  to  give  16  candles 
with  pressure  100  volts,  it  seems  to  us  that  lamps 
will  have  to  be  used  that  give,  say,  20  candles  with 
100  volts  and  will  gradually  deteriorate  down  to  1 6 
candles,  always  under  pressure  of  100  volts.    The 


slower  such  deterioration  takes  place  the  better  the 
lamp. 


.    NORTHAMPTON. 

Some  of  the  supply  companies  no  doubt  reflect 
gloomily  upon  the  mutability  of  affairs  mundane. 
11  we  are  to  believe  the  local  papers  they  have 
cause  sometimes  for  reflection,  especially  when 
things  electrical  go  awry,  like  the  result  of  tender- 
ing at  Northampton.  The  ordinary  reading  of  the 
matter  is  that  the  authorities  requested  tenders  to  be 
sent  in  for  certain  work.  Tenders  were  prepared 
and  sent  in  by  Messrs.  Crompton  and  Co.,  the  Brush 
Co.,  T.  Brown  and  Co.,  Laing,  Wharton,  and 
Down,  and  Messrs.  Hooper  and  Tozer.  The  com- 
mittee  to  whom  the  tenders  were  submitted, 
certainly  show  that  the  wisdom  of  the  serpent  is  not 
lacking  at  Northampton,  for  they  considerately 
suggest  the  "  Electric  Light  Co.  "  be  reqMe^Ud  to  do 
the  work,  at  a  price  not  to  exceed  the  average  of  the 
tenders  of  the  five  firms  above  mentioned.  This  is 
very  much  on  a  par  with  the  action  of  another  local 
authority  not  long  since  commented  on  in  these 
columns.  The  above  firms  have  each  spent  a  con- 
siderable sum  in  getting  out  tenders,  in  the  natural 
expectation  that  the  lowest  bona  fide  tender  would 
gain  the  work.  At  someone  else's  expense  the 
authority  has  gained  a  fiair  idea  of  what  the  work 
should  cost,  and  immediately  gives  the  work  to 
another  company,  and  one  which,  so  far  as  we 
gather,  did  not  compete.  Beally,  our  views  of  how 
local  authorities  should  transact  their  business  is  so 
diametrically  the  opposite  to  what  has  been  described, 
that  it  is  difficult  to  consider  the  matter  as  coming 
under  the  head  of  ordinary  business.  We  prefer  to 
look  upon  it  as  an  extraordinary  transaction,  and 
one  to  be  decried  at  every  opportunity,  and  to  be 
avoided  as  the  plague.  Such  actions  reduce  the 
system  of  tendering  to  little  better  than  a  farce,  and 
firms  of  repute  will  insist  upon  local  authorities 
giving  a  guarantee  as  to  the  acceptance  of  a  tender, 
if  such  proceedings  are  to  rule  generally.  In  this 
case  the  work  is  to  be  given,  after  reference 
back  to  the  committee  for  assent,  to  a  local  com- 
pany, a  proceeding  we  endorse  if  the  action  is 
according  to  usual  business  custom.  The  local  com- 
pany, in  this  instance,  is  saved  the  expense  of  tender- 
ing, and  also  saved  from  cutting  rates.  It  has  the  pre- 
eminent position  of  being  in  a  safe  place,  for  we  hardly 
suppose  a  case  exists  where  the  average  of  five 
bona  fide  tenders  does  not  allow  a  fair  sum  for  good 
work,  and  a  fair  sum  for  profit.  What  have  those 
companies  which  sent  in  tenders  to  say  about  the 
result?  Are  they  satisfied?  The  Northampton 
authorities  if  they  intended  the  work  to  go  to  a 
particular  firm,  ought  to  have  obtained  an  estimate 
from  a  consulting  engineer,  asked  the  said  firm  to 
estimate,  and  negotiated  the  affair  in  the  usual  way. 
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LONDON  TRAHWATS. 

As  the  politicians  say,  it  is  no  good  attempting 
legislation  onless  public  opinion  is  in  its  favour. 
Well,  public  opinion  has  to  be  made,  and  one  of  the 
priTilegeB  of  newspapers  is  to  make  it.  Veatriesand 
local  boards,  in  many  instances,  have  need  to  hear 
the  expression  of  public  opinion,  for  their  actions 
sometimes  bear  the  stamp  of  hastiness  and  incon- 
siderateness.  Thus  it  seems  to  onlookers  that  the 
decision  of  the  West  Ham  Local  Board  in  relation 
to  electric  trams  is,  to  say  the  least,  hasty.  The 
North  Metropolitan  Tramway  Company,  so  we  hear, 
is  desirous  of  equipping  a  part  of  its  system  with 
12  electric  cars,  at  an  expenditore  approaching 
£20,000,  but  the  West  Ham  Local  Board  refuse  to 
grant  more  than  a  12  months'  license,  and  that  to  be 
terminated,  so  far  as  we  can  make  out,  by  a  24  hours' 
notice.  Now,  no  company  can  undertake  a  heavy 
expenditure  subject  to  a  24  hours'  notice.  The  ques- 
tion is  to  be  discussed  by  the  London  County 
Council,  when  further  light  will  be  thrown  on  the 
matter,  and  it  may  again  be  referred  to — meanwhile 
we  in  vain  seek  for  reasons  for  the  action  of  West 
Ham. 


ORGANISATION  OF  COMPANIES'  STAFFS. 

In  ths  efGcient  carrying  out  of  electrical  engineering  work, 
theactualelectricalpartiHnotunfrequentlyoneof  theBmallest 
of  the  whole  work.  The  engineering  part  is  often  the 
larger ;  and  the  commercial  and  financial  parte  also  of  an 
electrical  enterprige,  if  not  estentially  those  in  which  an 
electrical  engineer  as  such  should  concern  himself,  are  yet 
oi^nic  parte  of  the  framework  of  any  scheme,  which  it  ia 
quite  OS  well  for  the  engineer  who  wishes  to  do  his  work 
efficiently  to  understand.  Of  these  departments  the 
organisinK  of  his  staff  is  quite  as  important  as  the  employ- 
ment of  the  right  matenuB,  and  is  well  worthy  of  spiKial 
attention  from  the  point  of  view  of  theoretical  considera- 
tion of  such  arrangement.  We  are  not  aware  that  any 
papers  dealing  with  this  branch  have  been  read  or  written 
in  this  country  by  electrical  men,  though  of  course  it  has 
received  its  attention  from  those — naturally  not  very 
numerous — who  have  originally  to  arrange  tie  organisation 
of  large  companies  and  their  staffs.  A  paper,  dealing  with 
this  subject  from  the  American  standpoint,  has  been  read  a 
short  while  sgo  by  Mr,  E.  J.  Hall,  before  the  meeting  of 
the  National  Telephone  Exchange  Association.  In  the 
same  way  that  the  efficiencies  of  dynamos  have  been  better 
understood  and  greatly  raised  since  the  introduction  of 
diagrammatic  curves,  so  Mr.  Hall  considers  the  proper 
scheming  of  a  company  organisation  is  better  accomplished 
by  previously  making  diagrams  of  the  exact  relations  that 
should  exist  between  the  various  departments  and  the 
employ^.  "Almost  invariably  the  study  of  a  diagram," 
he  says,  "brings  out  the  defects  or  suggests  changes  for 
improving  the  efficiency  of  the  force."  He  starts  with  the 
axiom  that  the  amount  of  work  to  be  efficiently  done  by 
one  person  is  usually  small,  and  the  work  must  be  arranged 
till  each  part  receives  its  proper  share  of  attention  and 
supervision.  From  the  central  authority  must  be  a  direct 
line  of  control,  and,  no  matter  how  many  departments,  this 
line  must  be  kept  in  good  working  order.  He  illudtratea 
this  by  the  famdiar  analogy  of  the  brain,  feet,  hand,  mouth, 
and  digestive  or^ns,  all  working  together  to  provide  and 
digest  a  meaL  This  direct  line  he  terms  the  "  line  of 
authority,"  and  draws  out  a  diagram  showing  this  unbroken 
connection  from  shareholders,  through  board  of  directors 
and  chairman,  one  way,  to  the  secretary  and  his  clerks ;  i 
another  way  through  general  manager  to  general  snperin-  I 


tendent,  to  superintendents  of  equipment,  aonstrDctioii,  v ! 
supply,  to  foremen,  detailed  workmen,  or  detuled  opentoij 
Thediagram  thus  made  clearly  shows  the  general  maingsriii 
having  no  authority  over  the  secretary,  being  in  a  difFont 
line  of  authority,  and  so  forth  ;  in  case  the  same  positioo  it  j 
filled  by  one  man  the  line  still  holds  good,  and  he  cootrcJi 
the  second  line  by  virtue  of  the  second  position.  Eick 
officer  should,  as  far  as  possible,  hire  and  discharge  H  Ik 
whose  efficiency  he  is  responsible.  There  must  be  no  ma 
lines  of  authonty,  though  there  should  be  "  lines  of  rda- 
tion  ;"  and  understandings  between  departments  cu  U 
readily  tested  by  the  fact  whether  such  orders  or  undtr 
standings  are  efficiently  carried  out  It  is  no  exciise  fix 
the  construction  manner  to  say  that  the  equipmeiit 
manager  promised  to  run  a  cable  and  failed  to  do  it.  Bt 
took  the  reiponiibility  by  asking  it  to  be  done,  and  shodii 
knowwhetherit  wouldbedoneornot.  In  a  bad  orgauiatiog 
this  cross  shifting  of  responsibility  is  always  found,  and  tlx 
blame  should  rest  with  the  organiser  rather  than  tht 
oi^anised.  Another  defect  is  the  giving  of  verbal  onlen- 
a  practice  sure  to  result  in  confusion.  Whenever  poedblc, 
orders  should  be  given  in  writing,  brief  and  clear;  and  ii 
anything  is  left  to  discretion  this  should,  if  possible,  be  u 
stated.  Advice  and  suggRStions  should,  on  the  other  band, 
he  verbal.  If  verbal  oiders  are  given,  no  time  shonld  bt 
lost  by  the  employ^  in  reducing  them  to  writing.  "Nd 
man  can  serve  two  masters  " — but  this  is  specially  liifficult 
to  arrange  in  small  companies.  A  diagram  auch  as  nij- 
gested  will  help  to  keep  the  tangled  lines  straight  tM 
obviate  inconsistencies.  Thus  the  work  |of  the  compm? 
must  be  organised,  prepared,  carried  out,  and  maintained, 
and  withal  numon  nature  must  be  consulted,  personal  pride 
and  self-interest  allowed  for,  faithful  service  and  caftdt; 
rewarded,  the  ignorant  educated,  *^^he  idle  punished,  tbi 
vicious  and  incapable  got  rid  of,  and  over  all  strict  diici 
pline,  tempered  with  sympathy  and  kindness,  mtut  be 
maintained.  A  plan  such  as  suggested,  with  specification  bf 
exact  functions  required,  will  often  help  the  orgaoisen  to 
better  realise  this  ideal. 


THE  CROCKER-WHEELEB  MOTOR. 

This  motor  is  constructed  for  use  with  small  curreots  dd 
central  station  circuits.  It  is  made  from  ^  to  3  h.p.,  and 
can  be  put  in  either  arc  or  incandescent  circuite.  There 
should  be  a  great  demand  for  just  such  a  motor  as  this, 
and,  as  a  matter  of  fact,  it  has  met  with  ready  adoption  in 
the  United  States,  where  over  2,000  have  been  fitted  up  in 
one  year.  The  details  of  construction  have  been  carefully 
thought  out,  with  a  view  to  affording  efficiency  combine! 
with  compactness  and  diu^bility. 


The  Cracker- Wheeler  Hot«r. 


We  have  often  insisted  on  the  value  to  central  stationt 
of  supplying  power  as  well  as  light,  and  motors  ot  titia  «Ht 
apjiear  to  be  likely  to  realise  our  ideas  on  the  subject.  We 
give  an  illustration  of  the  machine,  for  which  the  Genenl 
Electric  Ca,  of  71,  Queen  Victoria-street,  E.C.,  are  the  sole 
agents. 
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THE  ELECTROMAGNET.* 

BY  PROF.   SXLYAinTS  P.   THOMPSON,   D.SO.,   B.A.,   M.I.B.B. 

Lkctubx  H. 
GiKSut  Pbinoiplis  op  Dbsion  akd  CoNSTRUonoN.— Pbincipls 

OP  THB  MaONXTIC  CiBCUIT. 

To-ni^ht  we  have  to  discuss  the  law  of  the  magnetic  circuit  in 
its  application  to  the  electromagnet,  and,  in  particular,  to  dwell 
ttpon  some  experimental  results  which  have  been  obtained  from 
iime  to  time  by  different  authorities  as  to  the  relation  between  the 
ooMtruction  of  the  various  parts  of  an  electromagnet,  and  the 
effect  of  that  construction  on  its  performance.  We  have  to  deal 
not  only  with  the  size,  section,  length,  and  material  of  the  iron 
cores,  and  of  the  armatures  of  iron,  but  we  have  to  consider  also 
the  winding  of  the  upper  coil,  and  its  form ;  and  we  have  to  speak 
in  particular  about  the  way  in  which  the  shaping  of  the  core  and 
of  the  armature  affects  the  performance  of  the  electromagnet  in 
acting  on  its  armature,  whether  in  contact  or  at  a  distance.  But 
before  we  enter  on  the  last  more  difficult  part  of  the  subject,  we 
▼ill  deal  solely  and  exclasively  with  the  law  of  force  of  the  maenet 
apon  its  armature  when  the  two  are  in  contact  with  one  another ; 
in  other  words,  with  the  law  of  traction. 

I  alluded  in  a  historical  manner  in  my  first  lecture  to  the  prin- 
ciple of  the  magnetic  circuit,  telling  you  how  the  idea  had  gradu- 
ally grown  up,  perforce,  from  a  consideration  of  the  facts.  The 
law  of  the  magnetic  circuit  was,  however,  first  thrown  into  shape 
in  1873  by  Prof.  Rowland,  of  Baltimore.  He  pointed  out  that  if 
you  consider  any  simple  case,  and  find  (as  electricians  do  for  the 
electric  circuit)  an  expression  for  the  ma^etising  force  which 
tends  to  drive  the  magnetism  round  the  circuit,  and  divide  that 
by  the  resistMice  to  magnetisation  reckoned  also  all  round  the 
circuit,  the  quotient  of  those  two  g^ves  you  the  total  amount  of 
flow  or  flux  of  magnetism ;  that  is  to  say,  one  may  calculate  the 
quantity  of  magnetism  that  passes  in  that  way  round  the  magnetic 
circuit  in  exactly  the  same  way  as  one  calculates  the  strength  of 
the  electric  current  by  the  law  of  Ohm.  Rowland,  indeed,  went 
a  great  deal  further  than  this,  for  he  applied  this  very  calculation 
to  the  experiments  made  by  Joule  more  than  90  years  before,  and 
from  those  experiments  deduced  the  degree  of  magnetisation  to 
which  Joule  had  driven  the  iron  of  his  magnets,  and  by  inference 
obtained  the  amount  of  current  that  he  had  been  causing  to  circu- 
late. Now,  this  law  reauires  to  be  written  out  in  a  form  that  can 
be  used  for  future  caloulation.  To  put  it  in  words  without  any 
symbols,  we  must  first  reckon  out  from  the  number  of  turns  of  wire 
ID  the  con,  and  the  number  of  amperes  of  current  which  circulates 
In  them,  the  whole  magneto-motive  force — the  whole  of  that  which 
tends  to  drive  magnetism  along  the  piece  of  iron— for  it  is,  in  fact, 
proportional  to  the  strength  of  the  current  and  the  number  of  times 
It  circulates.  Next,  we  must  ascertain  the  resistance  which  the 
magnetic  circuit  offers  to  the  passage  of  the  magnetic  lines.  I 
here  avowedly  use  Joule's  own  expression,  which  was  afterwards 
adopted  by  Rowland,  and,  for  le^ort,  so  as  to  avoid  having  four 
words,  we  may  simply  caU  it  the  magnetic  resistanoe.  Mr. 
Heaviside  has  suggestea  as  an  advisable  utemative  term  magnetic 
reluctance,  in  oraer  that  we  may  not  confuse  the  resistance  to 
magnetiBm  in  the  magnetic  circuit  with  the  resistanoe  to  the 
flow  of  current  in  an  electric  circuit.  However,  we  need 
not  quarrel  about  terms.  Msgnetic  reluctance  is  sufficiently 
expressive.  Then  having  founa  these  two,  the  quotient  of  them 
gives  us  a  number  representing — I  must  not  call  it  the  strength  of 
the  magnetic  current — ^I  will  caU  it  simply  tiie  quantity  or  number 
of  magnetic  lines  which  flow  round  the  circuit ;  or  if  we  could 
adopt  a  term  which  is  used  on  the  Continent,  we  miffht  call  it 
nmply  the  magnetic  flux;  the  flux  of  ma^etism  l>eing  the 
i^ogue  of  the  flow  of  electricity  in  the  electric  law.  The  ELw  of 
the  magnetic  circuit  may  then  be  stated  as  follows : 

Magnetic  flux  =  "«gnetomotive  force 

reluctance 

However,  It  is  more  convenient  to  deal  with  these  matters  in 
■ymbols,  and  therefore  the  symbols  which  I  use,  and  have  long 
been  using,  ought  to  be  explained  to  you.  For  the  number  (3 
spirals  in  a  winoing  I  use  the  letter  S  ;  for  the  strength  of  current, 
or  number  of  amperes,  the  letter  t ;  for  the  lengtn  of  a  bar,  or 
core,  I  am  going  to  use  the  letter  I ;  for  the  area  of  cross-section, 
the  letter  A ;  for  the  permeability  of  the  iron  which  we  discussed 
ia  the  last  lecture,  the  Oreek  symbol  ft ;  and  for  the  total  magnetic 
flux,  the  number  of  magnetic  lines,  I  use  the  latter  N.  Then  our 
law  becomes  aa  follows : 

4rSi 
Magneto-motive  force 


10 
I 


Magnetic  reluctance  Z-^ ; 


4wflt 
10 


Magnetic  flux Ns 


If  we  take  the  number  of  spirals  and  multiply  by  the  number  of 
amperes  of  current,  so  as  to  get  the  whole  amount  of  circulation  of 
electric  current  expressed  in  so  many  ampere-turns,  and  multiply 
by  4r,  and  divide  ny  10,  in  order  to  get  the  proper  unit  (that  is 
to  say,  multiply  it  by  1*257),  that  gives  us  the  magneto- 
motive force.     For    magnetic    reluctance,    calculate    out    the 

*  Cantor  lectures,  delivered  before  the  Society  of  Arts. 


reluctance  exactly  as  you  would  the  resistanoe  of  an  electric 
conductor  to  the  flow  of  electricity,  or  the  resistanoe  of  a  con- 
ductor of  beat  to  the  flow  of  heat;  it  will  be  proportional  to 
the  length,  inversely  proportional  to  the  cross- section,  and 
inversely  proportional  to  the  conductivity,  or,  in  the  present  case, 
to  tJie  magnetic  permeability.  Now,  if  the  circuit  is  a  simple  one» 
we  may  simply  write  down  here  the  length,  and  divide  it  by  the 
area  of  the  cross-section  and  the  permeability,  and  so  find  the  value 
of  the  reluctuice.  But  if  the  circuit  be  not  a  simple  one,  if  you 
have  not  a  simple  ring  of  iron  of  equal  section  all  round,  it  is 
necessary  to  consider  the  circuit  in  pieces  as  you  would  an  electric 
circuit,  ascertaining  separately  the  reluctance  of  the  separate 
parts,  and  addine  aU  together.  As  there  may  be  a  number  of  such 
terms  to  be  added  together,  I  have  prefixed  the  expression  for  the 
magnetic  reluctance  by  the  sign,  Z,  of  summation.  But  it  does  not 
by  any  means  follow  because  we  can  write  a  thing  down  as  simply 
as  that  that  the  calculation  out  of  it  will  be  a  very  simple  matter. 
In  the  case  of  magnetic  lines  we  are  quite  unable  to  do  as  one  does 
with  electric  currents  to  insulate  the  flow.  An  electric  current 
can  be  confined  (provided  we  do  not  put  It  in  at  10,000  volts 
pressure,  or  anytning  much  bigger  tnan  that)  to  a  copper 
conductor  by  an  adequate  layer  of  adequately  strong — and 
I  use  the  word  '*  strong  "  both  in  a  mechanical  and  electrical 
sense — of  adequately  strong  insulating  material.  There 
are  materials  whose  conductivity  for  electricity  as  compared 
with  copper  may  be  regarded  perhaps  as  millions  of  millions  of 
millions  of  tines  less ;  that  is  to  say,  they  are  practically  perfect 
insulators.  There  are  no  such  things  for  magnetism.  The  most 
highly-insulating  substance  we  know  of  for  magnetism  is  certainly 
not  10,000  times  lees  permeable  to  magnetism  than  the  most  highly- 
magnetisable  substance  we  known  of,  namely,  iron  in  its  best  con- 
dition ;  and  when  one  deals  with  electromagnets  where  curved 
portions  of  iron  are  surrounded  with  copper,  or  with  air,  or  other 
insulating  material,  one  is  dealing  with  substances  whose  perme- 
ability, instead  of  being  infinitely  small,  compared  with  that  of 
iron,  is  quite  considerable.  We  have  to  deal  mainly  with  iron 
when  it  nas  been  well  magnetised.  Its  permeability  compared 
with  air  is  from  1,000  to  103  roughly  ;  that  is  to  say,  the  perme- 
ability of  air  compared  with  the  iron  is  not  less  than  from  livth  to 
T^th  part.  That  means  that  it  is  quite  possible  to  have  a  very 
considerable  leakage  of  magnetic  lines  from  iron  into  air  occur- 
ring to  complicate  one's  <Mdculations,  and  prevent  an  accurate 
estimate  being  made  of  the  true  magnetic  reluctance  of  any  part 
of  the  circuit.  Suppose,  however,  that  we  have  got  over  all  tnese 
difficulties,  and  made  our  calculations  of  the  magnetic  reluctance ; 
then  dividing  the  magneto-motive  force  by  the  reluctance  gives  us 
the  whole  number  of  magnetic  lines. 

There,  then,  is  in  its  Sementary  form  the  law  of  the  magnetic 
circuit  stated  exactly  as  Ohm's  law  is  stated  for  electric  circuits. 
But  as  a  general  rule  one  requires  this  magnetic  law  for  certain 
applications,  in  which  the  problem  is  not  to  calculate  from  those 
two  quantities  what  the  total  of  magnetic  lines  will  be.  In  most 
of  the  cases  a  rule  is  wanted  for  the  purpose  of  calculating  back. 
ITou  waht  to  know  how  to  build  a  magnet  so  as  to  give  you  the 
requisite  number  of  magnetic  lines.  You  start  by  assummff  that 
you  need  to  have  so  many  magnetic  lines,  and  you  require  to  anew 
what  magnetic  reluctance  there  will  be,  and  how  much  magneto- 
motive force  will  be  needed.  Well,  that  is  a  matter  precisely 
anaJoffous  to  those  which  every  electrician  comes  across.  He  does 
not  always  want  to  use  Ohm's  law  In  the  way  in  which  it  ia 
commonly  stated,  to  calculate  the  current  from  the  E.M.F. 
and  the  resistance ;  he  often  wants  to  calculate  what  is  the 
E.M.F.  which  will  send  a  given  current  through  a  known 
resistanoe.  And  so  do  we.  Our  main  consideration  to-night  will 
be  devoted  to  the  question  how  many  ampere-turns  of  current 
circulation  must  be  provided  in  order  to  drive  the  required 
quantity  of  magnetism  through  any  given  magnetic  reluctance. 
Therefore,  we  will  state  our  law  a  little  differently.  What  we 
want  to  calculate  out  is  the  number  of  ampere-turns  required. 
When  once  we  have  got  that  it  is  easy  to  say  what  the  copper  wire 
must  consist  of ;  what  sort  of  wire,  and  how  much  of  it.  Turning, 
then,  to  our  idgebraic  rule,  we  must  transform  it,  so  as  to  get  all 
the  other  things  besides  the  ampere-turns,  to  the  other  side  of  the 
equation.    So  we  write  the  formula — 

N  .  2-   ' 


St= 


Am 


1-257 

We  shall  have  then  the  ampere-turns  equal  to  the  number  of 
magnetic  lines  we  are  going  to  force  round  the  circuit  multiplied 
by  the  sum  of  the  magnetic  reluctances  divided  by  1 1267.  Now 
this  number,  1*267,  is  the  constant  that  comes  in  when  the  length. 
/,  is  expressed  in  centimetres,  the  area  in  square  centimetres,  and 
the  permeability  in  the  usual  numbers.  Many  persons  unfortu- 
nately—I say  BO  advisedly  because  of  the  waste  of  brain  labour 
that  they  have  been  compelled  to  go  through— prefer  to  work  in 
inches  and  pounds  and  feet.  They  have,  in  fact,  had  to  learn 
tables  insteiwi  of  acquiring  them  naturally  without  any  learning. 
If  the  lengths  be  specified  in  inches,  then  the  constant  is  a  little 
diflerent.  The  constant  in  that  case  for  inches  and  square  inch 
measures  is  0*3132,  so  that  the  formula  becomes 

Si=Nx2-^xO-3132, 

A> 

Here  it  is  oonvenient  to  leave  the  law  of  the  magnetic  otrcuil^ 
and  come  back  to  it  from  time  to  time  as  we  require.  What  I 
want  to  point  out  before  I  go  to  any  of  the  applications  is  that, 
with  the  guidance  providwl  by  this  law,  one  after  another  the 
various  points  that  come  under  review  can  be  arranged  and 
expAainea,  and  Uiat  there  does  not  now  remain— if  one  applies  thia 
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inch.  This  shall  be  oar  practical  rule :  let  us  at  once  take  an 
example.  If  you  want  to  design  an  electromagnet  to  carry  a 
load  of  one  ton,  divide  the  ton,  or  2,2401b.,  by  150,  and  that  gives 
the  requisite  number  of  square  inches  of  wrought  iron,  namely, 
14*92,  or,  say,  15.  Of  course  one  would  work  with  a  horseshoe- 
shaped  magnet,  or  something  equivalent— something  with  a 
return  circuit — and  calculate  out  tne  requisite  cross-section,  so 
that  the  total  area  exposed  mi^ht  be  sufficient  to  carry  the  given 
load  at  1501b.  to  the  square  incn.  And,  as  a  horseshoe  magnet 
htts  two  poles,  the  cross-section  of  the  bar  of  which  it  is  made 
must  be  7^  scjuare  inches.  If  of  round  iron,  it  must  be  about  S^in. 
in  diameter ;  if  of  square  iron,  it  must  be  2Jin.  each  way. 

That  settles  the  size  of  the  iron,  but  not  the  length.  Now  the 
length  of  the  iron,  if  one  only  considers  the  law  of  the  magnetic 
circuit,  ought  to  be  as  short  as  it  can  possibly  be  made.  Reflect 
for  what  purpose  we  are  designing.  The  design  of  an  electro- 
magnet is  to  be  considered,  as  every  design  ought  to  be,  with  a 
view  to  the  ultimate  purpose  to  be  served  by  that  which  you  are 
designing.  The  present  purpose  is  the  actual  sticking  on  of  the 
magnet  to  a  heavy  weight,  not  acting  on  another  magnet  at  a  dis- 
t^ince,  not  pulling  at  an  armature  separated  from  it  by  a  thick 
layer  of  air  ;  we  are  dealing  with  traction  in  contact.  The  ques- 
tion is.  How  long  a  piece  of  iron  shall  we  need  to  bend  over?  The 
answer  is,  Take  length  enough,  and  no  more  than  enough,  to 
{>ermit  of  room  for  winding  on  the  necessary  quantity  of  wire 
to  carry  the  current  which  will  give  the  requisite  magnetising 

K»wer.  But  this  latter  we  do  not  yet  know ;  it  has  to  be  calcu- 
ted  out  by  the  law  of  the  magnetic  circuit.  That  \a  to  say,  we 
must  calculate  the  magnetic  flux  and  the  magnetic  reluctance  as 
best  we  can ;  then  from  these  calculate  the  ampere-turns  of 
current,  and  from  this  calculate  the  needful  quantity  of  copper 
wire,  so  arriving  finally  at  the  proper  length  of  the  iron  core.  It 
Is  obvious  the  cross-section  being  given,  and  the  value  of  B,  being 
prescribed,  that  settles  the  whole  number  of  magnetic  lines,  N, 
that  will  go  through  the  section.  It  is  self-evident  that  length 
adds  to  the  magnetic  reluctance,  and,  therefore,  the  longer  the 
length  is,  the  greater  have  to  be  the  number  of  ampere-turns  of 
circulation.  Therefore  you  should  desi^  the  electromagnet  as 
stumpy  as  possible — that  is  to  say,  make  it  a  stumpy  arch,  even  as 
Joule  did  when  he  came  across  tne  same  problem,  and  arrived  by 
a  sort  of  scientific  instinct  at  the  right  solution.  You  should  have 
no  greater  length  of  iron  than  is  necessary  in  order  to  get  the 
winalngs  on.  Then,  you  see,  we  cannot  absolutely  calculate  the 
length  of  the  iron  until  we  have  an  idea  about  the  winding,  and 
we  must  settle,  therefore,  provisionally,  about  the  winaings. 
Take  a  simple  ideal  case.  Suppose  we  had  an  indefinitely  long, 
straight  iron  rod,  and  we  wound  that  from  end  to  end  with  a  mag- 
netising coil.  How  thick  a  coil,  how  many  ampere-turns  of  circu- 
lation per  inch  length,  will  you  require  in  order  to  magnetise  up  to 
any  particular  degree  ?  It  is  a  matter  of  very  simple  calculation. 
You  can  calculate  exactly  what  the  magnetic  reluctance  of  an  inch 
length  of  the  core  will  be.  For  example,  if  you  are  going  to  mag- 
netise up  to  16,000  lines  per  square  centimetre,  the  permeability 
will  be  320.  You  can  take  the  area  anything  you  like,  and  con- 
sider the  length  of  lin. ;  you  can  therefore  calculate  the  magnetic 
reluctance  per  inch  of  conductor,  and  then  you  can  at  once  say  how 
many  ampere-turns  per  inch  would  be  necessary  in  order  to  g^ve 
the  desired  indication  of  16,000  magnetic  lines  to  the  square  centi- 
metre. And  knowing  the  properties  of  copper  wire,  and  how  it 
heats  up  when  there  is  a  current ;  and  knowing  also  how  much 
beat  you  can  get  rid  of  per  square  inch  of  surface,  it  is  a  very 
simple  matter  to  calculate  what  minimum  thickness  of  copper 
the  fire  insurance  companies  would  allow  you  to  use.  The^ 
would  not  allow  you  to  have  too  thin  a  copper  wire,  because  if 
you  provide  an  insufficient  thickness  of  copper,  vou  still  must  drive 
your  amperes  through  it  to  get  a  sufficient  number  of  ampere-turns 
per  inch  of  length ;  and  if  you  drive  those  amperes  through  copper 
winding  of  an  insufficient  thickness  the  copper  wire  will  overheat, 
"tnd  your  insurance  policy  will  be  revoked.  You  therefore  are 
comi>elled,  by  the  practical  consideration  of  not  overheating,  to 
provide  a  certain  thickness  of  copper  wire  winding.  I  have  made 
a  rough  calculation  for  certain  cases,  and  I  find  that  for  such  small 
electromagnets  as  one  may  ordinarily  deal  with,  it  is  not  necessary 
in  any  practical  case  to  use  a  copper  wire  winding,  the  total 
thickness  of  which  is  greater  than  aoout  half  an  inch ;  and,  as  a 
matter  of  fact,  if  you  use  as  much  thickness  as  half  an  inch,  you 
need  not  then  virind  the  coil  all  alon^,  for  if  you  will  use  copper 
-M  ire  winding,  no  matter  what  the  size,  whether  thin  or  thick,  so 
that  the  total  thickness  of  copper  outside  the  iron  is  half  an  inch, 
you  can  without  overheating,  using  good  wrought  iron,  make  one 
inch  of  winding  do  for  20in.  length  of  iron.  That  is  to  say,  you 
do  not  really  want  more  than  ^th  of  an  inch  of  thickness  of 
copper  outside  the  iron  to  magnetise  up  to  the  prescribed 
degree  of  saturation  that  indefinitely  long  piece  of  which  we  are 
thinking,  without  overheating  the  outside  surface  in  such  a  way 
a.'^  to  violate  the  insurance  rules.  Take  it  approximately,  if  you 
wind  to  a  thickness  of  half  an  inch,  the  inch  length  of  copper  will 
magnetise  20  inches  length  of  iron  up  to  the  point  where  a  equals 
16,000.  If,  then,  we  have  a  bar  bent  into  a  sort  of  horseshoe  in 
order  to  make  it  stick  on  to  a  perfectly-fitting  armature  also  of 
equal  section  and  quality,  we  really  do  not  want  more  than  one 
inch  along  the  inner  curve  for  every  20  inches  of  iron.  An 
extremely  stumpy  magnet,  such  as  I  have  sketched  in  Fig.  23,  will 
therefore  do  if  one  can  only  get  the  iron  sufficiently  homogeneous 
throughout.  If  instead  of  crowding  the  wire  near  the  polar  parts 
we  could  wind  entirely  all  round  the  carved  part,  tnough  the 
layer  of  copper  winding  would  be  half  an  inch  thick  insiae  the 
atch,  it  would  be  much  less  outside.  Such  a  magnet,  provided 
the  armature  fitted  with  perfect  aocuracy  to  the  polar  sttrfaces, 
and  provided  a  battery  were  arranged  to  send  the  requisite  muobw 


of  amperes  of  current  through  the  coils,  would  pull  with  a  force 
of  one  ton,  the  iron  being  but  S^in.  in  diameter.  For  my  own 
part,  in  this  case  I  should  prefer  not  to  use  roimd  iron,  one  of 
rectangular  section  being  more  convenient,  but  the  round  iron 
would  take  leas  copper  in  windin^^,  as  each  turn  would  be  of  mini- 
mum length  if  the  section  were  circular. 

Now,  this  sort  of  calculation  requires  to  be  greatly  modified 
directly  one  b^ins  to  deal  with  any  other  case.  A  stumpy  short 
magnetic  circuit  with  great  cross-section  is  clearly  the  rignt  thing 
for  the  greatest  traction.  You  will  get  the  ^iven  magnetisation 
and  traction  with  the  least  amount  of  magnetising  force  when  you 
have  the  area  as  great  as  possible,  and  the  length  as  small  as 
possible.  You  will  kindly  note  that  I  have  given  you  as  yet  no 
proofs  for  the  practical  rules  that  I  have  been  using  ;  they  must 
come  later.  Also,  I  have  said  nothing  about  the  size  of  the  wire, 
whether  thick  or  thin.  That  does  not  in  the  least  matter  ;  for  the 
ampere-turns  of  magnetising  power  can  be  made  up  in  any  desired 
way.  Suppose  we  want  on  any  magnet  100  ampere- turns  of 
magnetising  power,  and  we  choose  to  employ  a  thin  wire  that  will 
only  carry  haJf  an  ampere,  then  we  must  wind  200  turns  of  that 
thin  wire.  Or,  suppose  we  choose  to  wind  it  with  a  thick  wire 
that  will  carry  10  amperes,  then  we  shall  want  only  10  turns  of 
that  wire.  The  same  weight  of  oopper,  heated  up  by  the  corres- 
ponding current  to  an  equal  degree  of  temperature,  will  have 
magnetising  power  when  wound  on  the  same  core.  But  the  rules 
about  winding  the  oopper  will  be  considered  later. 


Fio.  23.— Stumpy  Electromagnetb 


Now  if  you  look  in  the  text-books  that  have  been  written  on 
magnetism  for  information  about  the  so-called  lifting  power  or 
portative  force  of  magnets— in  othcu*  words,  their  traction — ^you 
will  find  that  from  the  time  of  Bernoulli  downwards,  the  law  of 
portative  force  has  claimed  the  attention  of  experimenters,  who 
one  after  another  have  tried  to  give  the  law  of  portative  foroe  in 
terms  of  the  weight  of  the  magnets,  usually  dealing  with  perrna^ 
nent  magnets,  not  electromagnets.  Bernoulli  gave  a  rule  some- 
thing of  the  following  kind,  which  is  commonly  known  as  Hacker's 
rule: 

P=o*  VW"; 

where  \V  is  the  weight  of  the  magnet,  P  the  greatest  load  it  will 
sustain,  and  a  a  constant  depending  on  the  unit  of  weight  chosen, 
on  the  quality  of  the  steel,  and  on  its  goodness  of  magnetisation. 
If  the  weights  are  in  pounds  then  a  is  found,  for  the  best  steels,  to 
vary  from  18  to  24  in  magnets  of  horseshoe  shape.  This  expression 
is  equivalent  to  saying  that  the  power  which  a  magnet  can  exert — 
he  was  dealing  with  steel  magnets  ;  there  were  no  electromagnets 
in  Bernoulli's  time — is  equal  to  some  constant  multiplied  by  the 
three-halfth  root  of  the  weight  of  the  magnet  itself.  The  rule  is 
accurate  only  if  you  are  deeding  with  a  number  of  magnets  all  of 
the  same  geometrical  form,  all  norseshoes,  let  us  say,  of  the  same 
general  shape,  made  from  the  same  sort  of  steel  similarly  magne- 
tised. In  former  years  I  pondered  much  on  Hacker's  rule, 
wondering  how  on  earth  the  three-halfth  root  of  the  weight  could 
have  anything  to  do  with  the  magnetic  puU ;  and  having  cudgelled 
my  brains  for  a  considerable  time,  I  saw  that  there  was  really  a 
very  simple  meaning  in  it.  What  I  arrived  at  was  this.  If  you 
are  dealing  with  a  given  material,  say  hard  steel,  the  weight  is 
proportional  to  the  volume,  and  the  cube  root  of  the  volume  is 
something  proportional  to  the  length,  and  the  square  of  the  cube 
root  forms  something  proportional  to  the  square  of  the  length, 
that  is  to  say,  to  something  of  the  nature  of  a  surface.  Wbat 
surface  ?  Of  course  the  polar  surface.  This  complex  rule,  when 
thus  analysed,  turns  out  to  be  merely  a  mathematician's  expression 
of  the  fact  that  the  pull  for  a  given  material  magnetised  in  a 
given  way  is  proportional  to  the  area  of  the  polar  surface ;  a  law 
which  in  its  simple  form  Joule  seems  to  have  arrived  at  naturally, 
and  which  in  tnis  extraordinarily  academic  form  was  arrived  at 
by  comparing  the  weights  of  magnets  with  the  weight  which  they 
would  lift.  You  will  find  it  stated  in  many  books  that  a  good 
magnet  will  lift  20  times  its  own  weight.  There  never  was  a  more 
fallacious  rule  written.  It  is  perfectly  true  that  a  good  steel 
horseshoe  magnet  weighing  lib.  ought  to  be  able  to  pull 
with  a  pull  of  201b.  on  a  properly-shaped  armature.  But  it 
does  not  follow  that  a  magnet  which  weighs  21b.  will  be 
able  to  pull  with  a  foroe  of  401b.  It  ought  not  to,  oecause  a  magnet 
that  weighs  2lb.  has  not  poles  twice  as  big  if  it  is  the  same  shape. 
In  order  to  have  poles  twice  as  big  you  must  remember  that  tibree- 
halfth  root  coming  in.    If  you  tiMce  a  magnet  that  weighs  eight 
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time*  ta  mach,  it  will  hav«  twic«  the  Udmu-  dimeDBiona  and  four 
timu  the  snrfooe ;  and  with  funr  tiniBB  the  surfaoe  in  &  magnet  of 
the  ume  form,  Bimilorly  maf^etised,  you  will  have  four  times  the 
patl.  With  a  magnet  eight  timet  as  he&ry  you  will  have  only  four 
timM  the  pull.  The  pull,  whoa  other  thin^  are  equal,  goes  by 
surface,  and  not  by  weight,  aod  therefore  it  is  ridiculous  to  give 
a  rule  saying  how  many  timea  its  own  weight  a  magnet  will  pull. 
It  is  also  narrated  as  a  very  extraordinary  thing  that  Sir  Isaao 
Newton  had  a  magpet,  a  lodestone,  which  he  wore  in  a  signet-ring, 
whioh  would  lift  &i  times  its  own  weight,  I  have  had  an  electro- 
magnet which  would  lift  2,500  timea  ita  own  weight,  but  then  it 
was  a  very  amall  one,  and  did  not  weigh  more  than  a  grain 
and  a  half.  When  you  come  to  small  things,  of  course  the 
surface  is  larKe  proportionately  to  the  weight ;  the  smaller  yon  go, 
the  larger  becomes  that  disproportion.  This  all  shows  that  the  old 
Ian  of  traction  in  that  form  waa  practically  valueless,  and  did  not 

Side  you  to  anvthing  at  all,  whereas  the  law  of  traction  as  stated 
Maxwell  and   explained  farther  by  the  law  of  the  magnetic 
c&cuit,  provea  a  most  useful  rule. 

From  this  digression  let  us  return  to  the  law  of  the  magnetic 
circuit.  I  gave  you  in  my  first  lecture,  when  speaking  of  perme- 
ability, the  following  rule  for  calculating  the  magnetic  induction 
B  ;  lake  the  pnll  in  pounds,  and  the  area  of  cross-section  in  square 
inches,  divide  one  by  the  other,  and  take  the  square  root  of  the 
quotient ;  then  multiplying  by  1,317  gives  B  ;  or  multiplying  by 
6,494  gives  B„.     We  have  therefore  a  means  of  stepping  from  the 

Soil  per  squam  inch  to  B„,  or  from  B„  to  the  pull  per  square  inch, 
[ow  the  other  rule  of  the  magnetic  circuit  also  enables  us  to  get 
from  the  ampere-turns  down  to  B„,  for  we  have  the  follcwiiig 
expression  for  the  ampei 


=  Nx2 


f 


tO-31 


and  N  the  whole  number  of  magnetic  lines  ii 
ia  equal  to  B,  tnnltiplied  by  A*,  or 

N=B,A'. 


As  an  example,  take  a  magnet  core  of  round  annealed  wrought 
iron,  ^in.  in  diameter.  Sin.  long,  bent  to  horseshoe  shape.  As  an 
armature,  another  piece,  4in,  long,  bent  to  meet  the  former.  Let 
UB  Bgi«e  to  magnetise  the  iron  up  to  tho  pitch  of  pulling  with 
1 1215.  to  the  square  inch.  Reference  to  Table  VI.  shows  that  B 
will  be  about  90,000,  and  Table  II.  shows  that  in  that  case  /i  will 
he  about  907-  From  these  data  calculate  what  load  the  magnet 
will  carry,  and  how  many  ampere-tnms  of  oircnhition  of  current 
will  be  needed. 

Aos.— Load  (on  two  poles) ^43 '971b. 
Ampere -turns  needed  — 372 '6. 

N.B.— In  this  oalculaliou  it  is  assumed  that  the  contact  surface 
between  armature  and  magnet  is  perfect.  It  never  is  ;  the  joint 
offers  additional  resistance  to  the  magnetic  lines,  and  there  will  be 
some  leakwe.  It  will  be  shown  Uter  bow  to  estimate  these 
eftects,  aDiT to  allow  for  them  in  the  calculations. 

(To  be  c(mtinued.J 


THE  PRENTICE  DTNAHO. 

The  accompanying  illustration  shows  a  penpective  view  of  a 
dynamo  made  by  Mr.  Napier  Prentice,  of  Stowmarket,  Suffolk. 
The  armature  ia  of  the  Pacinotti  type,  but  the  iron  projections 
are  bo  proportioned  to  the  remainder  of  the  armature,  that  it  i* 
claimed  the  greatest  magnetic  density  is  obtained  witliuut 
heating.  The  armature  plates,  which  are  out  from  the  softest 
charcoal  iron,  are  |iunched  with  hexagonal  holes  in  the  middle, 
so  that  each  place  is  mechanically  driven  by  the  hexagon  on  the 
cast-steel  shaft.  The  maker  states  that  the  magnebe  denHty 
ia  so  great  that  at  the  slow  speed  of  500  revolutions  only  a  few 
turns  of  wire  are  required  on  tiie  armature,  and  that  Uiia  enskUea 
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The  Prentice  Dynamo. 


From  these  we  can  deduce  a  simple  direct  expression,  provided 
we  assume  the  quality  of  iron  as  before,  and  also  assume  tuat  there 
is  no  magnetic  leakage,  and  that  the  area  of  crose- section  is  the 
same  all  rouod  the  circuit,  in  the  armature  as  well  as  in  the  magnet 
~o  that  r  is  simply  the  mean  total  path  of  the  magnetic 
-"'edoaedn    -    ■■     '      ■■      " 


lines  all  round  the  el 


S> 


magnetic  circuit.     We  may  tl 


Lx  0-3132; 


Bnt  by  the  law  of  traction,  as  stated  alwve, 

B.  =  8,464  VI^Mi: 

V  A  (sq.  in,) 


S  1=2,661 


-"    /J 
^      V  A 


P  (lbs.)   . 
{sq.  i 


This,  pat  into  words,  amoants  to  the  following  rule  for  calculating 
the  amount  of  exciting  power  that  is  required  lor  an  electromagnet 
pulling  at  ita  armature,  intheoasewherethereiaaclcHied  magnetic 
circuit  with  no  leakage  of  magnetic  lines.  Take  the  square  root  of 
the  pounds  per  square  inch  ;  multiply  this  by  the  mean  total 
length  (in  inches)  all  round  the  iron  circuit ;  divide  by  the  perme- 
ahifity  (which  must  hecalculat«d  from  the  pounds  per  square  inch 
by  help  of  Table  VI.  and  Table  II,);  and  finally  multiply  by 
2,661.  The  number  so  obtained  will  be  the  number  of  ampere- 
tuma.  One  goes  then  at  once  from  the  pull  per  square  inch  to  the 
number  of  ampere-tums  required  to  produce  that  pull  in  a  magnet 
of  given  length  and  of  the  prescribed  quality.  In  the  case  where 
the  pull  is  specified  In  kilogrammee,  the  area  of  section  in  square 
— i •_.,^  ^^j  (jiQ  lengti  in  centimetres,  the  formula ' 


St  =  3,951. 


a  high  electrical  efficiency  to  be  obtained.  What  ta  termed  the 
most  important  feature  of  the  dynamo  ia  the  way  ia  which  all 
the  wires  are  protected  from  injury  by  moisture  or  dirt.  This 
is  effected  in  the  armature  by  means  of  metal  cases  arranged  at 
each  end,  thus  covering  and  enclosing  the  wires  and  commu- 
tator connections,  and  by  strips  of  fibre  placed  over  the 
wires,  and  filling  up  the  spaces  between  the  iron  projections  or 
the  circumference.  The  protection  of  the  field  nutgoet  cxiila  ia 
obtained  by  zinc  cases  soldered  on  to  the  metal  flangea  at  aach 
end  of  the  coil.  The  commuUtor  is  built  upon  an  iron  quill, 
and  the  dynamo  is  said  to  run  at  full  load  without  sparking,  and 
the  weight  of  the  machine  to  be  small.  A  50-light  Prentice 
djfnamo  ia  shown  driving  a  ^-h.p.  motor  which  actuates  a  com- 
Bcreener  at  the  Brewers'  Exhibition  now  being  held  at  the 
Agricultural  Hall. 


OLD  STUDENTS'  ASSOCIATION. 

TheOldStudents'Aaaociationof  theCityand  Guilds  of  London 
Institute  held  their  sixth  annual  dinner  on  Friday,  October  17, 
at  the  Holbom  Restaurant,  Dr.  W.  E.  Sumpner,  the  president, 
presiding.  Of  course,  the  dinner  may  be  termed  the  principal 
work  of  the  evening,  hut  the  Old  Students,  like  every  otjiar 
English  institution,  take  the  opportunity  of  ezpressinum^ons 
upon  various  subject*  by  means  of  toasts  and  repUe^  Our 
readers  may  oBsume,  then,  the  dinner  to  have  passed  fb  latai- 
factorily,  and  the  toast  list  commenced  with  the  usual^UMSt  of 

Mr.  A.  Rbcxenzaun  then  proposed  "The  City  andfl  Guilds  of 
London  Institute."  He  said  :  To  me  has  been  gifen  Htha  honour 
of  wishing  success  to  the  already  emiuently  suooflirful  Ci^ 
and  Guil^  Institute.  What  better  proof  e*a  we  W^ve  of  dw 
immenie  advantsget  oonferred  hf  this  inatitute  tbf^a  the  fM 
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that  a  large  percentage  of  old  stadents  are  now  occupying 
leading  positions  in  the  various  trades  taught  at  the  colleges 
connected  with  the  City  Guilds — and  these,  we  all  know, 
are  scarcely  in  the  teens  of  their  existence  ?  Another 
proof  is  in  their  great  popularity  ;  the  demand, 
using  a  commercial  expression,  has  long  exceeded  the  supply, 
and  still  they  come  knocking  at  the  portals  of  the  temple  of 
knowledge,  often,  unfortunately,  to  be  refused  admission.  The 
Finsbury  College  is  overcrowded — it  has  been  so  almost  from  the 
first.  I  remember,  two  years  ago,  asking  Dr.  Thompson,  as  a 
special  favour,  to  admit  the  son  of  a  friend  of  mine  ;  but  the 
Doctor,  in  his  kind  genial  way,  explained  that  it  was  entirely 
out  of  his  power  to  accede  to  my  request,  as  he  had  already 
refused  scores  of  applicants.  Last  Monday  week  I  attended  one 
of  the  lectures  of  Dr.  Thompson  on  electric  meters.  I  arrived 
early,  yet  every  seat  was  occupied,  and  I  made  myself  comfort- 
able on  one  of  the  steps  ;  every  inch  of  that  lecture-room  was 
monopolised  by  students,  old  and  young,  eager  to  imbibe  know- 
ledge. At  the  Central  Institution,  Dr.  Sumpner  informs  me,  30 
out  of  100  candidates,  who  came  up  for  the  entrance  examina- 
tions, had  to  be  turned  away.  All  this  points  to  the  great  utility 
of  the  colleges  ;  it  also  points  to  the  growing  appreciation  of 
technical  education  in  this  country.  I  often  think  of  the 
days  when  I  first  came  to  London,  some  18  years  ago,  and 
obtained  employment  in  one  of  the  largest  engineering 
works  in  the  £ast-end.  It  was  in  the  days  when  the 
School  Board  was  in  its  infancy,  when  elementary  educa- 
tion was  not  yet  compulsory,  in  the  days  when  technical  schools 
for  the  masses  were  scarcely  thought  of  except  by  the  South 
Kensington  Science  and  Art  Department,  in  those  days  I 
came  across  many  skilled  mechanics  who  were  almost  illiterate, 
who  could  scarcely  understand  a  working  drawing  except  by  the 
constant  help  of  the  foreman,  yet  these  men  were  highly  skilled 
in  the  use  of  tools ;  they  produced  excellent  work.  It  seemed 
to  me  marvellous  that  this  should  be  so,  and  after  continued 
association  with  these  men,  I  came  to  the  conclusion  that  the 
British  mechanic  had  natural  gifts  which  my  own  compatriots 
in  Austria  did  not  possess  to  Uie  same  degree.  The  ingenuity 
which  some  of  these  British  workmen  displayed  often 
astonished  me.  Without  the  slightest  knowledge  of  Euclid 
or  geometry,  they  lined  out  pieces  of  machinery  cor- 
rectly, without  even  the  rudiments  of  theoretical  mechanics 
these  men  arrived  at  logical  conclusions.  The  British  engineer, 
it  seemed  to  me,  was  bom,  not  made  ;  he  appeared  to  do  most 
things  intuitively,  although  in  many  cases  he  only  succeeded  by 
sheer  perseverance  after  a  long  struggle  in  a  roundabout  way, 
and  I  often  thought  that  if  those  dever  fellows  had  had  the 
advantage  of  some  technical  education  combined  with  their 
natural  abilities  the  foreigner  would  always  have  lagged  a  quarter 
of  a  century  behind,  because  he  could  not  possibly  keep  pace 
with  the  progress  of  a  nation  favoured  by  nature  and  fostered  by 
education.  The  City  and  Guilds  Institute  has  already  done  an 
incalculable  amount  of  good  in  raising  the  standard  of  British 
excellence.  May  it  long  continue  to  spread  its  influence 
throughout  the  whole  empire,  and  thus  help  materially  in 
maintaining  that  supremacy  which  centuries  of  industry  have 
evolved  ;  and  with  these  sentiments  I  propose  continued  and 
ever-increasing  success  to  the  City  and  Guilds  of  London 
Institute. 

Mr.  H.  Saundbbs,  Q.C,  replied  on  behalf  of  the  City  and 
Guilds,  and,  at  considerable  length,  indicated  the  hopes  and 
fears  of  the  council.  He  pointed  out  that  in  the  olden  days 
the  various  guilds  were  refuly  popular  educators,  and  that  their 
action  in  regard  to  the  institute  has  been  but  a  continuation 
of  this  policy. 

At  this  juncture  the  result  of  the  elections  was  announced, 
by  which  it  was  made  known  that  the  officers  for  the  forth- 
coming year  are  as  follows : 

Prwideti^-Mr.  W.  B.  EssoN. 

Fiee-Premcietits— Messrs.  A.  Rbcxxnzattn  and  A.  T.  Snell. 
Secretary — Mr.  Reginald  J.  Jonss. 
Treowrcr— -Mr.  Duncan  Peasob. 

Cbunet^Messrs.  Lamb,    Bonne,    Range,   Haes,  Jones, 
Waste,  Db  Grave,  Holland. 

Mr.  A.  T.  Snell  then  proposed  the  toast  of  **The  Professors," 
acknowledging  his  indebtedness  to  their  labours.  He  pointed 
out  that  the  peculiar  feature  of  the  City  and  Guilds'  instruction 
was  to  impart  not  only  theoretical,  but  as  much  practical  know- 
ledge aa  possible.  That  the  work  was  admirably  done  was  indi- 
cated by  the  results,  in  that  many  of  the  old  students  were 
occupying  very  responsible  positions  in  the  industries  for  which 
th^  hadoeen  trained. 

Prof.  SiLVANUS  Thompson  replied,  stating  that  he  had  great 
pleasure  in  again  responding  to  this  toast,  inasmuch  as  it  per- 
mitted him  to  give  an  account  of  his  stewardship  to  the  people 
to  whom  he  thought  such  an  account  was  primarily  due.  He 
spoke  of  the  members  who  attended  the  Finsbury  College 
crowding  the  rooms,  and  stated  that  the  long  wished-for  oppor- 
tanity  of  obtaining  more  space  seemed  about  to  be  fulfilled. 

Prof.  Peebt  nroposed  what  he  termed  the  toast  of  the 
evening,  **The  Old  Students*  A^flociatiop."    He  believed  the 


association  was  doing  good  work,  in  that  it  continued  to  a 
certain  extent  the  work  of  the  lecture-room.  Excellent  papers 
were  read  and  discussed  at  the  meetings,  and  their  social 
evenings  helped  to  bring  them  together  that  they  might 
exchange  ideas,  and  so  assist  one  another  in  their  everyday  work. 

The  President-elect  (Mr.  W.  B.  Esson)  responded. 

The  intervals  between  the  speeches  were  enlivened  by  instru- 
mental or  vocal  music,  in  which  the  following  gentlemen  took 
Strt :  Jno.  Barton,  Gordon  Heller,  Howden  Tingen,  T.  E. 
atehouse,  and  Chas.  G.  Lamb.  Altogether  a  very  enjoyable 
evening  was  spent,  and  we  certainly  re-echo  the  wish  that  was 
expressed  by  various  speakers  that  the  Old  Students'  Associa- 
tion should  continue  to  prosper  and  ulrimately  enrol  a  very 
large  proportion  of  the  present  students  in  its  ranks. 


LEAMINGTON, 


At  the  last  meeting  of  the  Leamington  Town  Council  the 
following  discussion  took  place  on  electric  lighting  matters : 

The  Watch  Committee  reported  that  the  illuminating  power  of 
the  gas  for  the  month  had  averaged  15*63  candles,  and  that  during 
the  iBBt  14  days  they  had  tested  So  electric  lamps ;  22  of  Uiese  were 
selected  as  bad,  and  their  avera^  illuminating  power  was  10*2 
candles.  The  remaining  68  were  ti^en  haphazard,  and  their  average 
illuminating  power  was  14*5  candles.  Tne  voltage  pressure  of  tne 
current  supplied  had  always  been  well  maintained.  At  the  hours 
of  street  lighting  it  was  normally  113  volts,  or  three  volts  above 
the  contract.  The  bad  lamps  were  being  replaced  by  others,  and 
the  company  had  been  requested  by  the  surveyor  to  replace  aU 
defective  lamps  forthwith. 

Aldermaa  Wookxill  said  now  the  apparatus  was  fixed  the  com- 
mittee had  been  able  to  ascertain  the  extent  of  the  badness  of  some 
of  the  electric  lamps,  and  the  verv  best  of  them  did  not  appear  to 
be  up  to  the  mark.  He  pointed  out  that  the  contract  unposed 
upon  the  company  the  supply  of  lamps  of  16  o.p.,  whereas  the  test 

§  roved  that,  taking  the  average,  they  were  not  near  this  standard, 
ome  few  were  extra  good  and  reached  as  high  as  18  c.p.,  whilst 
others  would  fall  far  below  14*5.  The  fact  was,  all  the  lamps  had 
become  so  bad  that  the  Council  had  not  got  anything  like  the  light 
thev  were  payins  for.     . 

The  Majror  asked  the  surveyor  how  he  arrived  at  the  conclusions 
contained  in  the  figures  of  his  report  with  regard  to  the  electric 
light  tests.  If  113  volts  produced  a  light  of  14*5  c.p.,  when  it  was 
running  at  100  volts  the  light  must  be  less. 

The  Bunreyor  explained  in  detail  how  and  upon  what  system  he 
had  arrived  at  the  results  obtained. 

Connolllor  Crowtber  Davtes :  Is  there  any  clause  which  compels 
the  company  to  supply  a  light  of  16  c.p. 

The  ClOTk :  Yee,  clearly  the  light  is  to  be  16  c.p. 

GonnoUlor  Crowthor  Daviea  said  he  would  confine  his  remarks 
entirely  to  the  question  of  the  electric  light.  He  was  glad  that, 
fortified  as  they  were  by  the  report  of  the  borough  surve>or,  the 
committee  had  at  last  been  able  to  furnish  the  Council  with  some- 
thing that  was  trustworthy.  It  was  dear  to  the  members  of  the 
Council  that  for  a  very  long  time  past  they  had  not  been  having 
the  light  for  which  they  were  paying,  and  the  company  had  been 
putting  into  its  pocket  money  received  from  the  Corporation  in 
respect  of  a  consideration  which  to  a  great  extent  haa  not  been 
forthcoming.  The  clerk  should  be  asked  to  consider  whether  they 
were  not  entitled  to  a  return  bv  the  companv  of  a  certain  propor- 
tion of  the  amount  which  they  had  paid  to  them  in  respect  to  the 
light  which  they  had  not  supplied.  After  referring  to  the 
impartial  manner  in  which  the  tests  had  been  taken  by  the  borough 
surveyor,  Councillor  Crowther  Davies  said  if  they  as  business  men, 
sitting  there  to  administer  the  funds  of  the  ratepayers,  were  going 
to  submit  to  that  sort  of  treatment  at  the  hands  ot  their  contractors, 
then  he  said  they  were  spending  the  ratepayers'  money  as  they 
would  not  spend  their  own.  He  protested  now  and  should  protest 
asain  against  one  shilling  being  paid  to  the  company  until  the 
clerk  had  considered  whether  they  should  not  be  compelled  to 
return  a  portion  of  the  money  paid  to  them,  and  whether  they 
were  entitled  to  another  shilling  until  they  supplied  the  full 
candle-power  they  had  contracted  to  supply. 

ConBolllor  Brlglit  said  he  should  support  Councillor  Davies's 
position.  They  knew  now  the  position  for  the  first  time,  and 
they  knew,  too,  that  the  state  of  tne  light  was  not  what  the  com- 
pany ffuaranted  to  supply  to  the  Corporation.  They  had  com- 
plained to  the  company,  and  the  clerk  had  written,  and  there  was 
no  remedy,  but  now  they  had  been  able  to  state  positively  the 
nature  of  the  deficient  light  supplied.  The  company  said  they 
would  put  new  lights  on  at  once.  He  should  have  thought  that 
any  man  of  business,  who  was  looking  out  for  contracts  in  other 
towns,  would  have  thought  it  wise  to  nave  made  the  examination 
which  the  Corporation  officials  had  now  made. 

ConBoUlor  Crowther  Davftea  moved  the  following  resolution : 
"That  the  town  clerk  be  requested  to  consider  whether  the 
Electric  Light  and  Power  Company  cannot  be  required  to  recoup 
the  Corporation  in  respect  of  tne  past  payments  to  the  company 
having  oeen  made  on  the  basis  of  the  supply  of  a  16-c.p.  light, 
which  has  not  been  supplied,  and  that  he  be  requested  to  consider, 
further,  whether  the  Corporation  wUl  be  liable  in  future  upon  a 
quantum  meruit  in  case  the  future  -light  is  not  up  to  the  contract 
standard." 

OpuaeHlor  Brl^t  seoondedi  and  it  was  garriod  unanimously*    ' 
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SUGGESTIONS  TOWARDS  A  DETERUNATION 

OF  THE  OHM.* 

Bv  Prof.  J.  V.  Jones,  Principal  and  Professor  of  Physics  in  the 
University  College  of  South  Wales  and  Monmouthshire,  Cardiff. 

'*0n  the  whole  I  am  of  opinion  that  if  it  is  desirable  at  the  pre- 
sent time  to  construct  apparatus  on  the  most  favourable  scale  so  as 
to  reach  the  highest  attainable  accuracy,  the  modification  of 
Lorenz's  method,  last  described,  is  the  one  that  offsrs  the  best 
prospect  of  success.  Before  this  is  done,  however,  it  appears  to 
me  important  that  the  value  now  three  times  obtained  in  the 
Cavenoish  Laboratory,  by  distinct  methods,  should  be  approxi- 
mately verified,  or  disproved,  by  other  physicists.  To  distinguish 
between  this  value  ana  those  obtained,  for  instance,  by  Kohlransch, 
by  Lorenz,  or  by  the  first  B.A.  Committee,  should  not  require  the 
construction  of  unusually  costly  apparatus.  Until  the  larger 
question  is  disposed  of,  it  seems  premature  to  discuss  the  details 
of  arrangements  from  which  the  highest  degree  of  precision  is  to  be 
expected." 

The  above  passage,  which  concludes  a  paper  communicated  by 
Lord  Rayleigh  to  Uie  PhiloHophical  Magazine,  in  November,  1882, 
nearly  two  vears  before  the  Electrical  Con^^ress  at  Paris,  at  which 
the  legal  onm  was  defined  to  be  the  resistance  of  a  column  of 
mercury  of  1  square  mm.  section  and  1,060  mm.  long,  seems  not  to 
^Rve  met  with  adequate  response  in  this  country.  So  far  as  pub- 
lished experiments  in  English  laboratories  are  concerned,  the 
determination  of  the  ohm  remains  where  Lord  Rayleigh  left  it, 
except  for  the  contribution  made  by  Glazebrook  and  Fitzpatrick 
in  their  measurement  of  the  specific  resistance  of  mercury  in  terms 
of  the  B.A.  unit,  which  is  one  of  the  elements  in  the  determination 
of  the  specific  resistance  of  mercury  in  absolute  measure  by  Lord 
Kayleign*s  adaptation  of  Lorenz's  method. 

But  though  m  England  the  scientific  world  has  during  the  last 
seven  or  eight  years  occupied  itself  with  other  things,  in  other 
countries,  and  more  especiaUy  in  America  and  France,  measure- 
ments have  been  maae  which  have  confirmed  the  Cavendish 
Laboratory  result  as  against  the  other  values  mentioned  by  Lord 
Rayleigh  in  the  passage  quoted.  Further,  indication  has  already 
been  given  of  the  intention  to  employ  as  the  unit  of  electrical 
resistance  in  the  new  Oovemment  Standardising  Laboratory  not 
the  so-called  legal  ohm  but  the  true  ohm  as  nearly  as  it  can  be 
determined,  and  Major  Cardew  in  the  paper  recently  read  bv  him 
before  the  Institution  of  Electrical  En^neers  has  invoked  the 
assistance  of  Lord  Rayleigh  and  the  British  Association  Electrical 
Standards  Committee  in  the  preparation  of  the  required  unit. 
The  work  judged  necessary  by  Lora  Rayleigh  before  the  conditions 
of  a  more  accurate  determination  oonld  be  advantageously  discussed 
having  been  done,  and  practical  necessity  for  an  authoritative 
determination  having  arisen  in  connection  with  the  standardising 
laboratory,  the  time  seems  ripe  for  a  consideration  of  arrangements 
likely  to  secure  high  aocuraoy,  and  it  is  with  this  view  that  I 
venture  to  bring  before  the  section  the  suggestions  embodied  in 
this  paper. 

In  the  hope  of  paving  the  way  for  a  more  accurate  determina- 
tion (and  initially  moved  to  the  work  by  the  invitation  ^ven  in 
the  passage  which  I  first  read)  I  have  for  a  considerable  time  been 
engaged  in  submitting  to  the  test  of  experiment  certain  modi- 
fications of  the  methcKi  of  Lorenz  which  occurred  to  me  as  likely 
to  lead  to  increased  accuracy  and  oertainty.  I  do  not  propose  to 
trouble  the  section  with  the  details  of  these  experiments,  which  I 
hope  may  be  published  elsewhere.  I  mention  tnem  merely  to  give 
the  suggestions  brought  forward  the  support  derived  from  a  deter- 
mination actually  made  on  the  lines  inaicated.  The  experiments 
have  been  made  in  the  laboratory  of  the  University  College  at 
Cardiff  with  apparatus  for  the  most  part  constructed  in  the  college 
workshop.  Five  complete  sets  of  observations  were  taken  in  the 
spring  of  this  year  with  the  following  results  for  the  specific 
resistance  of  mercury  at  Odeg.  C. : 

(L )  94, 103  absolute  units, 

(ii)  94,074        „ 

(ui.)  94,093        „  M 

(iv.)  94,046        „ 

(V.)  94,021        „ 


Mean  94,067  ^  10  (probable  error).  The  result  may  be  otherwise 
expressed  by  saying  that  the  ohm  is  equal  to  the  resistance  of  a 
column  of  mercury  of  one  souare  mm.  sectional  area,  and  106*307 
centimetres  long,  the  probaole  error  being  :^  0*012. 

It  is  far  from  my  intention  to  bring  these  numbers  forward  as  the 
best  determination  possible  by  the  method  I  have  used.  I  do  not 
think  they  at  all  represent  the  accuracy  attainable  if  the  apparatus 
were  to  be  constructed  on  a  scale  a  little  larger,  and  with  a  certain 
perfecting  of  detail.  Under  such  circumstances  I  am  of  opinion 
that  a  single  set  of  observations  will  give  a  result  accurate  to  one 
part  in  ten  thousand,  and  that  as  a  mean  of  a  number  of  observa- 
tions we  may,  perhaps,  aim  at  the  hundred-thousandth  if  regard 
is  paid  to  the  maintenance  of  definite  temperatures  in  all  parte  of 
the  apparatus,  and  if  we  can  be  said  to  know  our  length  standards 
to  this  degree  of  accuracy. 

In  Lorenz's  method  a  metallic  disc  is  made  to  rotate  in  the  mean 
plane  of  a  coaxal  standard  coil.  Wires  touching  the  centre  and 
circumference  of  the  disc  are  led  to  the  ends  of  toe  resistance  to  be 
measured,  and  the  same  current  is  passed  through  this  resistance 
and  the  standard  coil.  The  connections  being  rightly  made  we  may, 
by  varying  either  the  rate  of  rotation  of  the  disc  or  the  resistance 
to  be  measured,  so  arrange  matters  as  to  have  no  change  of  current 

*  J^aper  i«id  bctfore  th^  Britisb  AsaooSatioii, 


in  the  cinmit  of  the  diso  and  wiree  joining  H  to  the  ends  of  the 
resistance  when  the  direction  of  the  current  through  theresistaQce 
and  the  standard  coil  is  changed.  When  this  arrangement  is 
effected  there  is  a  balance  between  the  E.M.F.  due  to  the  motion 
of  the  disc  in  the  magnetic  field  of  the  current  in  the  standard  ooil, 
and  the  difference  of  potential  at  the  ends  of  the  resistance  dae  to 
the  current  traversing  it.  If  this  adjustment  is  made,  let  us  Bay 
that  the  apparatus  is  in  an  equilibrium  position. 

If  M=the  coefficient  of  mutual  induction  of  the  standard  cofl 
and  the  circumference  of  the  disc  ; 
n-=the  rate  of  rotation  of  the  disc  (number  of  revolutions  per 

second); 
R==the  resistance ; 

7^  the  current  through  the  standard  coil  and  resistanoe ;  then 
in  an  equilibrium  position, 

MnY-sRy, 


or 


,  Mn    =R. 

In  practice  it  is  not  possible  to  take  the  coefficient  of  mutual 
induction  and  the  rate  of  rotation  larp^e  enough  to  make  the 
measured  resistance  more  than  a  small  faction  of  an  ohm*,  and 
this  has  usually  been  regarded  as  one  of  the  difficulties  of  I/)renz'8 
method. 

In  order  that  the  absolute  unit  may  be  recoverable  at  pleasure 
without  the  fatigues  of  a  new  absolute  determination,  it  must  be 
defined  in  practice  by  reference  to  the  specific  resistance  of  some 
standard  suDstance,  and  for  many  reasons  there  is  a  consensus  of 
opinion  in  making  this  standard  substance  mercury.     The  deter- 
mination of  the  ohm  as  a  practical  problem,  therefore,  becomei 
identical  with   the  determination  of   the  specific    resistance  of 
mercury  in  absolute  measure,  and  the  small  resistanoe  measured 
by  the  method  of  Lorenz's  must,  in  order  to  complete  the  investi- 
gation, be  brought  into  relation  and  compared  with  the  specific 
resistance  of  mercury.     Lorenz  himself  evaded  the  difficulty  by 
taking  for  his  measured  resistance  the  resistance  of  a  mercury 
column  contained  in  a  glass  tube ;  the  resistance  of  the  column 
was  then  obtained  in  absolute  measure,  and  the  specific  resistanoe 
calculated  from  the  dimensions  of  the  column.     It  is  hardly  pos- 
sible, however,  that  the  latter  calculation  can  have  been,  or  is 
likely  to  be,  achieved  with  accuracy,  however  accurately  the  tube 
be  calibrated.    For,  on  the  one  hand,  if  the  wires  from  the  disc 
(the  terminal  portions  of  which  may  be  called  the  electrodes)  are 
led  to  the  enos  of  the  tube,  the  equipotential  surfaces  touched  by 
them  are  not  i^ane;  and,  on  the  other,  if  they  are  let  into  the 
tube  at  some  distance  from  the  ends,  it  is  difficult  to  see  how  the 
distance   between  them  is  to  be  measured  with  the  requisite 
accuracy. 
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Under  these  circumstances  Lord  Rayleigh  preferred  to  use  solid 
conductors,  overcoming  the  difficulty  of  comparing  the  resistance 
measured  with  ordinary  standards  by  a  shunt  method,  which  made 
it  possible  to  express  it  at  once  in  terms  of  the  B.A.  unit.  The 
B.A.  unit  being  thus  found  in  absolute  measure,  a  separate  investi- 
gation of  the  specific  resistance  of  mercury  in  terms  of  the  B.Ai 
unit  completed  the  determination.  Rowland  and  others  have 
adopted  tne  shunt  method  of  Lord  Rayleigh,  which  may  be  said 
to  be  an  essential  feature  in  the  more  probable  determinations  by 
Lorenz's  method.  Spite  of  the  conspicuous  success  which  has 
attended  the  use  of  solid  conductors  by  the  shunt  method  I  venture 
to  suggest  a  reversion  to  Lorenz's  use  of  mercury.  The  physical 
constant  to  be  measured  is  the  specific  resistance  of  mercuryi  and 
if  this  can,  by  direct  measurement,  be  determined  with  accuracy, 
it  seems  inconvenient  and  undesirable  first  to  determine  the 
resistance  of  the  B.A.  unit  in  absolute  measure,  and  then  to  deter- 
mine the  specific  resistance  of  mercury  in  B.A.  units.  If  con- 
sistently with  accuracy  the  artificial  B.A.  unit  can  be  dropped  oat 
of  our  experiments  as  well  as  out  of  the  result,  and  the  measure- 
ments made  directly  on  mercury,  the  simplicity  wotiVd  seem  to  be 
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a  recommondation,  and  the  argument  is  perhaps  enforced  by  the 
conflideration  that  there  is  very  nearly  as  much  divergence  in  the 
results  of  different  observers  for  the  specific  resistance  of  mercary 
in  B.  A.  unite  as  there  is  in  the  values  obtained  for  the  B.  A.  unit 
in  absolute  measure. 

The  objections  to  the  use  of  mercury  in  a  tube  are  unanswerable ; 
but  the  difficulties  disappear  if  instead  of  placing  the  mercury  in  a 
tube  it  is  placed  in  a  long  trough,  and  if  instead  of  measuring  the 
distance  oetween  the  two  electrodes,  one  electrode  is  kept  fixed 
while  measurement  is  made  of  the  distance  moved  through  by  the 
other  between  two  equilibrium  positions  corresponding  to  two 
different  rates  of  rotation  of  the  disc.  The  latter  measurement  it 
is  easy  to  make  with  accuracy,  for  the  movable  electrode  may  be 
rigidly  attached  to  the  movable  headstock  of  a  Whitworth 
measuring  machine  or  some  other  measuring  bank  placed  parallel 
to  the  length  of  the  trough ;  and  the  two  equilibrium  positions 
may  be  taken  near  the  middle  of  the  trough  so  as  to  avoid  danger 
of  curvature  in  the  equipotential  surfaces  passing  through  the 
electrode  in  ite  two  positions. 

Let  nu  H),  be  the  rates  of  rotation  of  the  disc,  and  let  /  be  the 
distance  between  the  corresponding  equilibrium  positions  of  the 
movable  electrode. 


Then, 


M(ni-»,)=~p, 


where  />=the  specific  resistance  of  mercury. 

A=area  of  section  of  the  mercury  column. 

But  we  are  met  by  a  new  difficulty,  the  determination  of  the 
section  of  the  mercury  column.  The  capillary  depression  at  the 
sides  of  the  trough  would  make  it  a  most  serious  task  to  deter- 
mine the  section  by  direct  measurement  to  the  required  degree 
of  accuracy. 

Fortunately,  this  difficulty  may  be  overcome  by  a  further 
differential  method^viz.,  by  making  observations  with  the 
n^ercury  at  two  different  heights  in  the  trough. 

Let  b  =  the  breadth  of  the  trough  ; 
Ki  -^  hi  =  the  difference  of  height  of  the  mercury  surface  in  the 
two  cases; 
and  let  A  =  the  section  of  the  mercury  column  when  the  mercury 

is  at  the  lower  position. 

Then  we  have,  denoting  by  dashed  letters,  the  new  values  of  the 
rates  of  rotation  and  the  distance  between  the  corresponding 
equilibrium  positions — 

I 


M(ni-»ia)=-p 


and 


M(fi',-n',: 


V 


A+6(A,-Ai 


whence  eliminating  A 


.-    M6(A,-fti) 

^ — r^  V 
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It  is  assumed  in  the  above  formula  that  the  sides  of  the  trough 
in  that  part  of  it  traversed  by  the  movable  electrode  are  plane, 
parallel,  and  vertical. 

Hence  the  determination  of  the  specific  resistance  involves  the 
determination  of — 

(i.)  Four  equilibrium  positions,  two  at  each  depth,  with  the  rates 
of  rotation  of  the  disc  to  which  they  correspond. 

(iL )  The  breadth  of  the  trough  in  that  part  of  it  traversed  by  the 
movable  electrode. 

(iiL )  The  difference  of  level  of  the  mercury  surface  at  the  two 
depths. 

(iv.)  The  coefficient  of  nratnal  induction  of  the  coil  and  disc. 

The  difficulties  attached  to  the  determination  of  equilibrium 
poeitions  and  the  ooefficient  of  mutual  induction  belone  to  all 
forms  of  Lorenz's  method,  whether  the  resistance  measureais  that 
of  a  solid  conductor  or  that  of  a  mercary  column.  Those  specially 
incident  to  the  use  of  a  mercury  column  are : 

(L )  The  manufacture  of  an  accurate  trough,  and 
(ii. )  The  accurate  measurement  of  the  diroreuce  of  level  of  the 
mercury  surface  in  its  two  positions. 

The  trough  used  by  me  in  the  experiments  of  which  I  have 
spoken,  was  cut  in  paraffin  wax  contained  in  a'  strong  casting  of 
iron  with  its  sides  strengthened  b^  outside  ribs.  The  channel  is 
approximately  43*5in.  long,  by  l*5in.  broad,  by  Sin.  deep.  It  was 
first  cat  by  a  cutter  rotating  about  2,000  times  a  minute,  attached 
to  the  slide  rest  of  the  College  Whitworth  lathe,  and  subsequently 
finished  by  a  scraper,  attached  in  similar  fashion,  which  took  a 
very  thin  cut  off  sides  and  bottom.  The  result  of  the  scraping  was 
a  very  smooth  and  highly-finished  surface. 

This  method  of  obtaining  a  channel  for  the  mercury  was  adopted 
in  the  hope  that  so  cut  in  the  lathe  it  might  present  a  breadth 
constant  to  two  or  three  ten-thousandths  of  an  inch.  This  hope 
was  not  realised  ;  the  results  of  subsequently  calibrating  tne 
trough  over  the  lOin.  of  It  traversed  by  the  movable  electrode 
indicated  a  variation  of  as  much  as  "001  in.  in  its  breadth.  The 
objections  to  the  use  of  paraffin  wax  are  : 

(L)  Its  softness  makes  it  necessary  to  proceed  with  great  care  in 
measuring  its  breadth,  lest  damage  should  be  done  to  the  surface. 
This  difficulty  is  satisfactorily  surmounted  in  the  form  of  internal 
callipers  adopted  in  the  calibration,  which  I  must  not  sti^  to 
describe. 

(iL)  The  coefficient  of  expansion  of  paraffin  wax  is  very  large, 
its  linear  coefficient  of  expansion  being  about  *0008.    A  change  of 


temperature  would,  therefore,  cause  distortion  in  the  wax  channel 
seeing  that  the  wax  is  enclosed  in  an  iron  casing. 

We  endeavoured  to  meet  the  danger  of  inaccuracy  due  to  this 
cause  by  measuring  the  breadth  of  the  trough  as  nearly  as  possible 
at  the  same  temperature  as  that  at  which  the  electrical  observa- 
tions were  made,  care  being  taken  to  maintain  the  trough  at  a 
uniform  temperature  throughout  the  observations.  During  the 
month  of  the  observations,  the  temperature  inside  the  box  in 
which  the  trough  was  placed  did  not  vary  more  than  half  a 
degree.  But,  notwithstanding  this  care,  I  am  of  opinion  that  the 
dinerence  in  the  result  of  different  sets  of  observations  depends  in 
the  main  upon  variations  in  the  trough  due  to  varying  tempera- 
ture. But  it  is  impossible  to  apply  a  correction,  for  paraffin  wax 
is  so  bad  a  conductor  of  heat  that  its  temperature  could  not  be 
assumed  to  be  that  of  the  thermometers  in  the  mercury  channel ; 
its  temperature  at  any  part  would  really  be  a  function  of  ancient 
historv. 

Under  these  circumstances,  I  have  come  to  the  conclusion  that 
I  made  a  mistake  in  my  choice  of  a  substance ;  the  disadvantages 
outweigh  the  apparent  ease  of  construction.  Probably  a  much 
more  satisfactory  result  would  be  obtained  by  building  up  the 
trough  of  worked  glass  or  scraped  marble.  I  do  not  douot  that  a 
sufficiently  accurate  trough  might  be  made  in  either  of  these 
substances  without  straining  the  resources  of  the  Engli^ 
mechanical  engineer.  We  may  observe  that  small  errors  become 
of  less  importance  as  the  breadth  of  the  trough  is  increased  ;  and 
nothing  but  practical  convenience  limits  the  size  of  the  trough 
we  mav  employ,  provided  it  is  long  enough  in  proportion  to  its 
breadth  to  make  the  equipotential  surfaces  plane  over  the  part  of 
it  traversed  by  the  movable  electrode.  It  is  further  to  be  noticed 
that  it  is  only  the  latter  part  of  it  that  needs  to  be  finished  with 
the  highest  accuracy,  and  when  the  mechanical  engineer  has  done 
his  best,  it  is  still  possible  to  obtain  a  further  approximation  by  a 
process  of  calibration. 

The  position  of  the  mercury  surface  in  the  trough  may  be  deter- 
mined electrically  by  means  of  a  pointed  steel  spherometer  screw. 
The  screw  may  be  moved  downwwrds  until  an  electric  circuit  com- 
prising the  screw  and  the  mercury  is  completed.  It  is  of  the 
utmost  importance  that  the  point  of  the  screw  should  be  kept 
clean,  and  that  the  mercury  surface  should  be  free  from  an  oxide 
film,  otherwise  successive  observations  may  differ  from  one  another 
as  much  as  *001in. ;  but  with  clean  mercury,  i^f  the  point  is  care- 
fully wiped  with  filter  paper  before  making  the  observations,  half 
a  dozen  observations  may  be  without  difficulty  obtained,  none  of 
which  differ  from  the  mean  by  more  than  *0000iui.  To  preserve 
the  point,  sparking  at  the  mercury  surface  should  be  reduced  as 
mucn  as  possible. 

In  order  that  the  capillary  surface  should  be  of  the  same  shape 
at  both  levels,  the  surface  should  always  be  brought  to  its 
measured  position  by  pouring  mercury  into  the  trough,  and  never 
by  taking  meroury  out  of  it. 

I  am  oF  opinion  that  both  the  measurements  to  which  I  have 
referred  as  peculiar  to  the  direct  use  of  mercury  by  the  differen- 
tial method — viz.,  that  of  the  breadth  of  the  trough  and  that  of  the 
difference  of  level  of  the  mercury  surface— may  be  made  with  an 
accuracy  which  will  compare  favourably  with  that  which  we  can 
hope  for  in  the  determination  of  the  equilibrium  position,  and, 
perhaps,  also  with  that  which  we  may  expect  in  the  measurement 
of  the  coefficient  of  mutual  induction — measurements  which  are 
common  to  all  forms  of  Lorenz*s  method. 

Probably,  also — though  here  I  speak  with  hesitation  and  without 
experience — the  accuracy  will  be  as  great  as,  if  not  g^reater  than, 
thab  which  attends  the  calibration  of  a  glass  tube,  necessary  to 
the  determination  of  the  specific  resistance  of  mercury  in  B.A. 
units. 

The  electrical  observations  in  Lorenz's  method  consist  funda- 
mentally in  the  determination  of  equilibrium  positions,  together 
with  the  rates  of  rotation  to  which  they  correspond.  The  equi- 
librium position  is  obtained  when  if  the  direction  of  the  current 
is  reversed  through  the  standard  coil  and  trough,  the  reading  of 
a  galvanometer  inserted  in  the  disc  circuit  is  unaffected.  In  the 
experiments  I  have  made  I  have  found  it  best — ^following  Lord 
Rayleigh — to  take  two  sets  of  galvanometer  readings  for  each 
equilibrium  position,  one  set  giving  the  change  of  gsSvanometer 
reading  corresponding  to  reversal  of  the  battery  current  for  a 
position  of  the  electrode  slightly  to  one  side  of  the  equilibrium 
position  ;  the  other,  the  change  of  galvanometer  reading,  corres- 
ponding to  reversal  for  a  second  position  slightly  on  the  oUier  side 
of  the  equilibrium  position.  Tne  galvanometer  reading  corres- 
ponding to  the  two  positions  of  tne  commutator  being  called 
£  and  W,  passage  through  an  eauilibrum  position  is  indicated  by 
a  change  in  the  al^braio  sign  of  W  -  B.  When  W  -  £  has  been 
found  tor  two  positions  slightly  differing  from  one  another,  and 
including  letween  them  the  equilibrium  position,  the  latter  xnay 
be  found  b>  simple  interpolation.  Since  the  readings,  £  and  W, 
are  not  quite  fixed,  owing  to  small  changes  in  the  speed  of  the 
disc  and  variations  at  the  brush  contacts,  it  is  necessanf  to  take  a 
number  of  reversals  and  to  find  W  -  E  as  the  mean  of  the  values 
obtained  by  combining  the  first  value  of  E  with  the  first  of  W,  the 
first  of  W  with  the  second  of  E,  the  second  of  E  with  the  second  of 
W,  eta  The  more  quickly  the  reversals  can  be  made  to  succeed 
one  another,  the  better  will  be  the  results,  for  with  rapid  reversal 
variations  in  the  position  of  the  needle  oorresponaing  to  no 
current  through  the  standard  coil  (i.e.,  variations  due  to  change 
at  the  brush  contacts),  ara  less  likciy  to  supervene.  It  is,  there- 
fore, best  not  to  wait  for  the  needle  to  come  even  approximately 
to  rest  after  the  disturbance  due  to  the  induction  current  on 
reversal,  but  to  take  the  readings  for  the  extreme  posi^ons  in  an 
oscillation)  and  having  preiionsly  found  the  coefficient  of 
:i  to  oalonlate  the  position  oi  mtfrom  these tiMPreadings. 
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The  whole  difficalty  in  determining  an  equilibrium  poeition 
arises  from  the  want  of  constancy  in  uie  readings  £  and  W  ;  and 
this  want  of  constancy  is  due  to  two  causes : 

1.  Variations  in  the  E.M.F.  at  the  brush  contacts. 

2.  Variations  in  the  rate  of  rotation  of  the  disc. 

It  was  with  a  feeling  akin  to  despair  that  I  watched  the  dance  of 
the  (galvanometer  needle  during  the  first  running  of  my  apparatus, 
when  the  brush  at  the  circumference  of  the  disc  was  composed  of 
a  number  of  layers  of  thin  phosphor  bronze  sheet  controlled  by  a 
spring,  and  the  dance  continued,  however  well  the  circumference 
of  the  disc  and  brush  were  amalgamated  at  starting.  Trials 
were  made  in  the  hope  of  improvement  with  amalgamated  copper 
and  amalgamated  lead,  and  with  the  substitution  m  a  dead -weight 
pressure  for  the  spring.  But  no  satisfactory  result  could  be 
obtained.  It  was  noticed,  however,  that  after  amalgamation  the 
readings  were  fairly  steady  for  a  short  interval,  and  it  occurred  to 
me  that  if  mercury  could  be  continuously  supplied  to  the  surface 
of  contact  between  the  brush  and  the  disc,  this  steadiness  might 
be  maintained.  This  led  on  to  the  idea  of  a  brush  consisting  of  a 
single  wire  perforated  by  a  channel  through  which  a  constant 
flow  of  mercury  might  be  maintained  from  a  cistern  of  adjustable 
height;  and  a  brush  of  this  description  was  finally  adopted. 
It  presents  very  great  advantages  over  any  other  form  of  brush 
tried. 

Prof.  Rowland  used  three  brushes  on  the  circumference  instead 
of  one,  and  I  do  not  doubt  that  a  multiplication  of  brushes  is 
advantageous.  Three  or  moresnoh  brushes  as  I  havedescribed,  resting 
by  dead-weight  pressure  on  the  circumference  of  a  disc  ground  true 
in  place,  would,  1  believe,  give  an  excellent  result.  The  grinding 
of  the  disc  in  place  is  an  important  aid  to  steadiness  of  galvano- 
meter reading. 

It  is  to  be  noticed  that  the  value  of  W  -  £  for  a  position  at  a 
given  distance  from  the  equilibrium  position  is  proportional  to 
the  current  through  the  standard  coil.  Hence  the  small  variations 
due  to  the  brush  contacts  which  do  not  at  all  depend  on  the  cur- 
rent through  the  coil  become  proportionatelv  ot  less  importance 
as  the  current  is  increased.  We  ought,  therefore,  from  this  point 
of  view,  to  use  as  large  a  current  as  possible.  But  the  mamitude 
of  the  current  is  limited  bv  the  fact  that  it  has  to  traverse  the  wire 
of  the  standard  ooil,  whicn  must  not  be  made  so  hot  as  to  risk  the 
destruction  of  its  insulation.  This  consideration  points  to  the  use 
of  wire  of  considerable  diameter  in  the  standard  coil. 

If  the  wire  of  the  coil  is  made  of  large  diameter,  attention  must 
be  paid  to  the  influence  on  the  coefficient  of  mutual  induction  of 
the  non-coincidence  of  the  current  with  the  axis  of  the  wire. 

The  second  cause  of  want  of  steadiness  in  the  galvanometer 
needle  is  variation  in  the  rate  of  rotation  of  the  disc,  and  this  is 
the  real  crux.  We  are  not  helped  in  determining  the  equilibrium 
position  either  by  increasing  the  sensitiveness  of  the  galvanometer 
or  the  magnitude  of  the  current  through  the  coil  unless  we  procure 
a  corresponding  increase  of  steadiness  m  the  running  of  the  disc. 
We  may  increase  the  value  of  W-£  for  a  position  at  a  given 
distance  from  an  equilibrium  position  in  either  of  these  ways,  but 
unless  there  is  a  corresponding  improvement  in  the  constancy  of 
the  disc  rotation  no  advantage  results,  for  the  variations  in  W  and 
£  resulting  from  changes  of  speed  are  proportional  to  W  -  £. 
Hence  in  tne  construction  of  apparatus  for  a  new  determination 
mechanical  engineers  should  be  invited  to  do  their  very  best  to 
procure  a  constant  rotation.  No  time  or  trouble  spent  in  securing 
this  will  be  lost  for  the  purpose  in  view. 

In  my  experiments  the  disc  was  turned  by  an  electromotor 
directly  coupled  to  it,  and  driven  from  a  battery  of  secondary  cells. 
£ach  bearing  was  fitted  with  sight-feed  lubricators,  and  a  heavy 
steel  flywheel  was  attached  to  the  motor.  The  current  passed  to 
the  motor  through  resistance  coils,  and  could  be  varied  con- 
tinuously through  a  small  rang^  by  a  slide  resistance  of  platinoid 
wire,  after  the  larger  adjustment  had  been  made  to  obtain  a  speed, 
approximately  that  which  was  required.  A  shunt  worked  by  a 
lever  also  provided  the  means  of  taking  out  or  putting  in  a  small 
resistance  suddenly,  so  as  to  allow  the  observer  taking  note  of  the 
speed  to  counteract  small  variations  due  to  alteration  in  the 
lubrication  of  the  bearings. 

To  obtain  improved  steadiness,  the  chief  point  needing  attention 
is  lubrication.  Some  forced  system  of  lubrication  may  be  employed. 
£ither  oil  may  be  pumped  through  the  bearings,  or  they  may  be 
fed  from  a  cistern  placed  at  some  neight  above  them.  Attention 
might  also  be  directed  to  the  friction  of  the  brushes  on  the  motor 
commutator.  I  do  not  think  we  can  look  hopefully  to  an  increase 
of  steadiness  from  the  employment  of  any  hand-brake  controlled 
by  the  observer,  for  the  mischief  is  done,  and  the  alteration  has 
come  about  before  he  observes  that  it  is  his  duty  to  put  the  brake 
on  or  off.  In  fact,  the  galvanometer  needle  picks  up  tne  alterations 
much  sooner  than  the  observer's  eye.  An  electromagnetic  brake 
might  be  useful  for  adjusting  the  speed,  but  could  not  give  any 
additional  steadiness  to  the  galvanometer  needle.  This  can,  1 
think,  only  be  procured  by  perfection  of  mechanical  workmanship, 
and  increased  attention  to  tne  truth  of  rubbing  surfaces,  and  tiieir 
proper  lubrication. 

It  remains  to  speak  of  the  measurements  necessary  to  enable  the 
calculation  of  the  coefficient  of  mutual  induction  to  be  performed. 
To  facilitate  an  accurate  determination  of  the  mean  radius  of  the 
standard  coil,  I  desire  to  suggest  that  it  should  be  a  coil  consist- 
ing of  one  la^er  of  wire.  The  advantage  in  constructing  a  standard 
coil  with  a  smgle  layer  of  wire  is  that  every  part  of  it  is  visible, 
and  that  nothing  is  done  to  alter  the  position  of  the  wire  after 
measurements  are  made.  If  a  coil  consists  of  many  layers,  it  is 
not  quite  easy  to  say  where,  after  measurement,  the  lower  liwers 
go  to  under  the  pressure  of  the  superincumbent  layers.  Lord 
Hayleigh  fo«Dd,  in  the  case  of  certain  coils  used  by  him,  that  the 


mean  radius  calculated  from  measurements  made  in  windimg  was 
greater  by  one  part  in  2,000  than  the  mean  radius  calculated  from 
measurements  made  in  unwinding,  a  result  clearly  due  to  the 
compression  of  the  lower  layers  by  the  layers  above  them. 

We  should,  therefore,  expect  that  if  the  mean  radius  of  a  coU  of 
many  layers  is  calculated  from  measurements  made  in  winding,  it 
will  be  reckoned  too  large.     In  the  face  of  this,  it  is  interesting  to 
note  that  in  the  measurements  made  by  Lord  Rayleigh  by  the 
method  of  Lorenz,  the  series  in  which  the  coils  are  so  placed  as  to 
make  the  induction  coefficient  nearly  independent  of   the  mean 
radius,  gives  a  result  rather  larger  than  the  other  series,  which  is 
what  might  be  expected  if  the  mean  radius  is  over-estimated.    But 
the  smallness  of  the  variation  (a  little  over  one  part  in  10,000) 
seems  to  show  that  the  error  of  mean  radius  must  be  very  small  for 
the  pair  of  coils  used  by  Lord  Rayleigh.    In  general*  we  shoold 
expect,  as  far  as  this  cause  goes,  that  values  of  the  specific  ro«*^ 
ance  in  determining  which  coils  of  many  layers  are  used  would 
come  out  too  low,  since  an  overestimate  of  the  mean  radius  of  the 
coil  means  an  underestimate  of  the  coefficient  of  mutual  induciion- 
The  apparent  disadvantaee  of  a  coil  of  a  single  layer  is  that  the 
number  of  turns  will  be  fewer,  and,  therefore,  the  coefficient  of 
mutual  induction  of  the  coil  and  disc  smaller  than  in  the  case  of  a 
coil  of  many  layers.     We  may,  however,  in  order  to  get  a  sufficient 
number  of  turns,  make  the  coil  of  greater  axial  length  than  lias 
been  customary.    But  we  cannot,  in  that  case,  use  Lord  Bayleigh's 
formula  of  approximation  in  calculating  the  coefficient  of  mutual 
induction.    Under  these  circumstances,  a  new  formula,  applicable 
to  a  ooil  of  moderate  axial  length,  was  a  desideratum.    Such  a 
formula  I  obtained  by  the  direct  integration  of  the  expreasion 
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^L^  cos  e  for  a  circle  and  coaxal  helix. 
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It  is  of  the  form 
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Where  A=the  radius  of  a  circular  section  of  the  cylinder  deter 
mined  by  the  helix. 
a = the  radius  of  the  circle. 
n=:the  number  of  the  turns  of  the  helix. 
2  a; -the  axial  length  of  the  helix.* 
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when 
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Vm  may  be  expressed  in  terms  of  c,  F  (c),  and  £  (c). 

This  is  the  formula  I  have  used  in  calculating  the  coefficient  of 
mutual  induction  of  the  coil  and  disc  in  the  experiments  already 
mentioned.  The  coil  is  of  double  silk-oovered  copper  wire  of  about 
-02in.  diameter,  resting  in  a  screw  thread  of  '025in.  pith,  cut  on 
a  hollow  cylinder  of  brass  of  about  21in.  external  diameter.  The 
axial  length  of  the  cylinder  is  something  over  4'5in,,  and  185  tnms 
of  wire  are  wound  on  it.  The  disc  has  a  radius  of  about  6-oin., 
and  the  coefficient  of  mutual  induction  is  about  17,000ui.  This  ia 
a  little  more  than  a  tenth  of  the  coefficient  of  mutual  induction  of 
the  coils  and  disc  used  by  Lord  Rayleigh  in  the  first  and  second 
series  of  his  experiments  by  the  method  of  Lorenz,  but  it  'was 
found  to  be  ample  for  the  purpose  in  hand. 

The  mean  radius  of  the  coil  was  measured  in  the  Whitwortb 
measuring  machine. 

Uncertainty  arose  from  two  causes : 

(i.)  The  silk  covering  of  the  wire ; 
(ii.)  The  ellipticity  of  the  coil  cylinder. 

The  silk  covering  of  the  wire  is  of  slightly  varying  thickness, 
and  suffers  compression  to  a  varying  extent  during  a  series  of 
measurements. 

A  standard  coil,  consisting  of  naked  wire  wound  in  a  screw 
thread  cut  on  a  cylinder  of  insulating  material,  would  be  preferable 
to  one  of  covered  wire  wound  on  a  metal  cylinder.  There  is,  how- 
ever, difficulty  in  finding  a  suitable  insulating  materiaL  Wood 
immediately  occurs  to  one's  mind,  but  a  large  ooil  of  wood,  even 
though  it  l>e  built  up  of  many  pieces,  is  apt  to  change  its  shape  with 
age  and  varying  atmospheric  conditions.  But  if  a  suitable  insn- 
lating  material,  that  can  be  turned  true,  and  that  will  retain  its 
shape,  can  be  found,  a  single  layer  of  naked  wire  in  a  screw  thread 
cut  on  a  cylinder  of  this  material,  would  give  us  a  coil  the  mean 
radius  of  which  might  be  easily  measurS  with  certainty  in  the 
Whitworth  machine  to  far  more  than  one  part  in  10,000. 

The  ellipticity  of  the  coil  cylinder  deserves  notice.  The 
cylinder  was  turned  with  great  care  in  the  lathe  already  men- 
tioned. It  was  cast  with  three  lugs  by  which  to  bolt  it  to  tne  face 
plate,  and  subsequently  in  precisely  similar  fashion  to  the  strong 
brass  frame  which  serves  as  its  support  during  use.  The  first 
operation  was  roughly  to  fit  the  lugs  to  the  face  plate  by  filing.  A 
roughing  cut  was  tnen  taken  over  the  entire  surface  of  the 
cylinder  so  as  to  get  rid  of  as  much  as  possible  of  the  internal  strain 
due  to  unequal  cooling  of  the  casting.  It  was  next  unbolted  and 
the  lugs  were  carefully  scraped  to  fit  the  face  plate,  and  after  again 
bolting  it  to  the  face  plate  the  final  turning  was  proceeded  with. 
Very  fine  cuts  were  taken  in  finishing,  and  it  was  hoped  that  by 
these  precautions  we  should  secure  a  true  ri^t  circular  cylinder. 
Nevertheless,  measurements  made  in  the  Whitworth  measuring 

*  PhU,  Mag.,  January,  1889.  Bead  before  Physical  Society 
November  10th,  1888, 
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PROVISIONAL  PATENTS,  1800. 


October  13. 


16264. 
16272. 


16347. 
16351. 


ImpreTMnants  in  «leotr«niiotoni  Mid  djnuuno  manlrin— . 

Henxy  Chitty,  13,  Brackley-terrace,  London. 

ImproTemsats  In  or  »pp«rt«l]ilBS  to  globe  or  atado 
holders  for  inoandeeoeat  eleetrlo  tampo,  In  part  rnpyHi^ 
OAlile  to  otber  tampe.  Richard  Llewelyn  Benaon  Rath- 
bone,  6,  Lord-street,  Liverpool. 

16278.  ImproTomenta  In  «lootrloal  ooadnetora.  Frederick 
Walton  and  Henry  Edmands,  28,  Southampton-boildingt, 
London. 

16279.  Xmprovomonta  In  tlio  proeeee  and  apparatva  fto  ole^ 
trloal  oaatlng  of  OMtaJa.  Nicholas  Slawiano£f,  28,  Soath- 
ampton-balldinc^,  London. 

16280.  Improved  moans  of  prevontiag  dofeet%  snoli  as  Mow 
holes  and  the  Uke,  in  eastings  hjr  eleotrioity.  Nicholas 
Slawianoff,  28,  Southampton-buildings,  London. 

OOTOBEB  14. 

16322.  Improvements  in  Insulating  oeUa  for  eleotrie  hattaries. 

Stanley  Charles  Cnthbert  Currie,  323,  High  Holbom,  Lon- 
don.   (Complete  specification.) 

16324.  Improvements  in  the  method  of  and  apparatns  for 
pasting  firames  or  supports  f6r  battery  plates  or 
elements.  Henry  Herbert  Lloyd,  323,  High  Holbom, 
London.     (Complete  specification.) 

16346.  The  regulation  and  oontrol  of  storage  battery  systems. 

Stanley  Charles  Cuthbert  Currie,  24,  Southampton-build- 
ings, London.     (Complete  specification.) 

Improvements  in  eieotrio  olntohes.  Peter  William 
Willans,  24,  Southampton -buildings,  London. 

Improved  meohanlsm  for  elevating  and  dtreotlng 
machine  guns  and  eieotrio  light  projeotors  firom  a 
distanoo.  Edmond  Meyer  Tudor  Boddam,  28,  South- 
ampton-buildings, London. 

OOIOBEK  15. 

16377.  Improvements  ineleetrioal  ont-onts.  Archer  Turner  and 
Arthur  Everard  Levin,  27,  Martin's-lane,  Cannon-street, 
London. 

16380.  Improvements  in  oleotrioal  apparatus  for  regulating 
the  speed  of  engines,  starting  and  stopping  shafts, 
hoists,  and  other  maehlnes.  James  Tate,  Sunbridge- 
chambers,  Bradford. 

16399.  Improvements  in  or  relating  to  the  eioetro-deposition 
of  metals.  Alfred  Julius  Boult,  323,  High  Holbom,  Lon- 
don.   (Louis  Albert  Joseph  Joray,  France.) 

16415.  Improvements  in  methods  of  and  apparatus  for  utilising 
eleotrioity   in  the  formation  of  sheet   metal   artloles. 

Mark  Wesley  Dewe^,  45,  Southampton-buildings,  London. 
(Complete  specification.) 

16416.  Improvements  in  methods  of  utilising  eleotrioity  In  the 
formation  of  metallio  oartridge  oases  and  other  articles. 

Mark  Wesley  Dewey,  45,  Southampton-buildings,  London. 
(Complete  specification.) 

16424.  Improvements  in  and  relating  to  phonographs.  Roland 
Frederick  Willett  and  William  Walter  Robinson,  191, 
Fleet-street,  London. 

OCfTOBER  16. 

16467.  Improvements  In  the  manullseturo  of  metallio  sheets, 
strips,  or  wires  by  olootrolysls,  and  apparatns  for  that 
purpose.  Francis  Edward  Elmore,  28,  Southampton- 
buildings,  London. 

16472.  A  new  or  Improved  automatle  ooin-ftreed  apparatus  for 
giving  eleetrlo  shooks.  Benjamin  John  Stacey,  76, 
Chancery-lane,  London.    (Complete  specification.) 

October  17. 

16518.  Improvements  In  aro  eleotrie  lamps.  James  Eglinton 
Anderson  Gwynne,  11,  Fumival-street,  London.  (Complete 
specification.) 

16522.  Improvements  in  the  methods  of  and  apparatus  for 
working  metals  by  eleetriolty.  Qeorge  Dexter  Burton, 
52,  Chancery-lane,  London.    (Complete  specification.) 

16534.  New  or  Improved  elootrleal  priming  or  oleotrioal 
fHotUmal  priming  sorew  plugs.  Alfred  Longsdon,  33, 
Chancery -lane,  London.  (Fried  Krupp,  Germany.)  (Com- 
plete specification.) 

October  18. 

16556.  Improvoments  in  devlees  for  holdiag  the  reoelvers  of 
telephone  instruments  or  the  like.  William  Phillips 
Thompson,  6,  Lord-street,  Liverpool.  (Jehial  Tuttle  Moore, 
United  States.) 

16570.  Improvements  In  eleetrlo  motors.  Henry  Groswith,  62, 
St.  Vincent-street,  Glasgow.    (Ck>mplete  specification.) 

16571.  laprovenents  In  aeoondary  batterlea.  Charles  W. 
Kennedy  and  Henry  Groswith,  62,  St.  Vincent-street, 
Glasgow.    (Complete  specification.) 


16603.  mprovaments  in  aeoondary  battsrisa.    Charles  James 
Hall,  433,  Strand,  liondon. 

16607.  Improvements  in  or  oonneeted  with  «lectrlo  switohsa 

Christen  Rees  Bonne,  41,  Eastcheap,  London.    (Wilhehn 
Paul  Domiels,  Germany.) 


SPEOIFICATIONS  PUBLISHED. 

1888. 

12264.  Preparing  motalUo  surlhees  for  nan-adheolva  atoetile 
deposits.    F.  E.  and  S.  Elmore.    6d. 

1889. 

11941.  Bwltohboarda  for  telephone  axehange.    Mix  and  Genest, 
Limited,  and  another.    8d. 

18261.  Jolnt8forteiogn9hlo,oto.,  wirea.    Hooper-Raatrick.  6d. 

18821.  Uoetrlo  hatha.    Gaertner.    8d. 

18939.  Hallway,  ete.,  vohloles  propelled  by  tfoetrtolty.     Holt 
8d. 

1890. 

8392.  Conduits  for  eleetrlo  oablea.    Thompeon  (Jacob  Freres  et 
Cie. ).    6d. 

11466.  Bleotromagnotio  fHetloB  oluttflMO.    Foote.    lid. 

11863.  lOootrlo  switehes.    Strode  and  Gill.     6d. 

12171.  Xleotrlo  motor  meehanlam.    Mower.    8d. 

12231.  Commutators  fbr  oleotrioal  martWnes,     VaiL    6d. 

12634.  Dynamo-eleotrto  maehlnes.    Foote.    8d. 

13013.  Bleetrodes  for  primary,  ete..  batterlea.    Pepper.     4d. 

13344.  Oalvaale  batterlea.    AUiaon  (Hathaway).    8d. 

13485.  Xlootrloal  glow  lamp  oonduotors.     White.    6d. 


CITT   NOTES. 


Braslllan  Submarine  Telegraph  Company. — The  reoeipts  for 
the  week  ended  October  17  amounted  to  £4,891. 

Meeting. — The  third  ordinary  general  meeting  of  the  West- 
minster Electric  Supply  Company  will  be  held  on  Wednesday,  the 
5th  November,  at  the  offices,  4,  Victoria-mansions,  S.  W. »  at  12 
noon. 

Western  and  Braaillan  Telegraph  Company.  Umltod. — The 

receipts  for  the  week  ended  October  17,  after  deducting  the 
fifth  of  the  gross  reoeipts  payable  to  the  London  Platino-Bnudlian 
T^egraph  Company,  were  i&,842. 

New  Addreae.— Messrs.  Paterson  and  Cooper,  electrical 
engineers,  of  Pownall-road,  Dalstou,  have  opened  a  West-end  show- 
room at  3,  Prince's-mansions,  Victoria-street,  Westminster,  where 
samples  of  their  manufactures  may  be  seen  by  intending  pur- 
chasers. 

dootro-ehemieal  Syndioate.  limited. — This  Compcoiy  has  been 
registered  by  Lovell  and  Trimnel,  Monument-buildings,  E.C., 
with  a  capital  of  £5,000  in  £1  shares.  Object :  to  acquire  and 
turn  to  account  inventions,  patents,  etc.  Registered  without 
articles  of  association. 


Conaolldated  Telephone  Construetlon  and 
Company,  Limited. — This  Company  have  declared  an  interim 
dividend  for  the  half-year  at  the  rate  of  £6  per  cent,  perannmn  on 
the  preference  shares  and  £5  per  cent,  per  annum  on  the  ordinary 
shares,  both  less  income  tax,  payable  on  November  14. 

West  India  and  Panama  Telegraph  Company,  lamlted. — The 

Board  of  this  Companv  recommend  a  payment  of  6s.  per  share  to 
June  30  last  on  tne  first  preference  shares,  and  £3  per  share 
on  account  of  arrears  on  the  second  preference  shares.  The  sum 
of  £1,500  is  to  be  placed  to  reserve,  leaving  a  balance  of  £322,— 
The  estimated  receipts  for  the  half-month  ended  Oct.  15  were 
£2,887,  against  £2,064.  The  June  receipts,  estimated  at  £6.385, 
realised  £6,428. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brush  

—  Pref.    

India  Rubber,  Gutta  Percha  k  Telegraph  Co. 

House-to-House      

Metropolitan  Electric  Supply   

London  Electric  Supply    

Swaa  United    

Crompton  k  Co.,  Pref.  

National  Telephone 

Eieotrio  ConBtrnction 
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NOTES. 


Bath. — ^The  first  quarter's  bill  for  lighting  this  town  has 
been  paid,  total  £524. 

Paris. — The  sewers  are  being  widened  here  to  permit 
of  more  telephone  wires  being  laid  therein. 

Norwloh. — The  Town  Council  have  consented  to  the 
Norwich  Electric  Company  applying  for  a  provisional  order. 

Kidderminster. — ^The  Town  Council  will  apply  for 
an  order.  Several  of  the  councillors  are  directors  of  the 
gas  company. 

Berlin. — ^All  theatres  and  places  of  amusement  accom- 
modating more  than  800  persons  are  to  be  lighted  by 
electricity  in  1892. 

Olty  and  Sonth  London  Railwaj. — ^We  learn  that 
this  underground  electric  railway  will  be  opened  by  the 
Prince  of  Wales  next  Tuesday. 

Iioeds. — ^A  new  post  office  is  to  be  erected  here,  and  not 
before  it  was  wanted,  on  the  site  of  the  old  Coloured  Cloth 
HalL    It  is  to  have  electric  lights. 

Hotel  Uffhtlnff. — ^A  scheme  is  on  foot  to  erect  a  large 
hotel  at  Southend,  the  cost  to  be  about  £60,000.  It  should 
be  lighted  electrically  to  be  a  success. 

Seandi  Ltghts. — EledricUS  Bs^yB  that  the  first  use  made 
of  a  search  light  on  board  ship  was  in  1867  on  Prince 
Napoleon's  yacht,  the  ''  Heine  Hortense." 

Submarine  Telephony. — The  German  Post  Office 
have,  it  is  said,  recently  succeeded  in  telephoning  between 
Heligoland  and  Cuzhaven,  using  the  telegraph  cable. 

Dewsbnry. — ^The  borough  surveyor's  plan  showing  the 
streets  to  be  lighted  electrically  has  been  approved  by  the 
Town  Council,  who  have  determined  to  apply  for  an  order. 

BaoniK — At  the  last  meeting  of  the  Town  Council  the 
town  clerk  said  he  had  received  a  number  of  letters  re 
electric  lighting,  which  he  did  not  think  it  necessary  to 
read. 

Mew  Cable. — ^The  French  Government  have  decided  on 
lajring  a  cable  between  Marseilles  and  Tunis  and  Marseilles 
and  Orau.  A  cable  between  France  and  Denmark  is  also 
contemplated. 

Boyal  Sehool  of  lUnes. — ^The  Government  institu- 
tion now  known  as  the  Normal  School  of  Science  and 
Boyal  School  of  Mines  is  in  future  to  be  called  the  Royal 
College  of  Science,  London. 

City  and  GoUds  Institute.— We  notice  that  256 
candidates  entered  for  the  last  technological  examinations 
of  the  City  and  Guilds  in  electric  lighting,  while  telegraphy 
only  claimed  117  followers. 

Dorking. — ^The  Electric  Light  Committee  of  the  Local 
Boanl  (Mr.  Clift,  chairman)  are,  with  the  surveyor,  to  visit 
electrically  lighted  towns  in  search  of  hints  for  future 
guidance  and  possibly  adoption. 

lllllUng'  Maehlnes.— Several  specialities  in  milling 
machines  are  being  introduced  by  Messrs.  Cunliffe  and 
Croom,  of  Manchester,  among  others  milling  and  profiling 
machines  for  electrical  work. — Engineer. 

Icooomotive  Headligrlit. — Telegrams  describing  trials 
of  the  Huntingdon  headlight  on  the  New  Jersey  Central 
Railway,  at  Cummunipaw,  were  publisLeil  last  Saturday, 
but  the  electrical  details  were  r4ther  mixed. 


Blaekpool  (Lanes.). — ^With  reference  to  our  note  in 
last  week's  issue  as  to  the  proposed  new  pier  at  South 
Shore,  Blackpool,  we  now  learn  that  the  engineers  are 
Messrs.  Magnall  and  Littlewood,  of  Manchester. 

Coventry. — ^The  City  Council  have  decided  to  oppose 
'*  company  enterprise,"  and  to  apply  for  an  order,  though 
somewhat  reluctant  to  do  so.  An  electric  lighting  com- 
mittee has  also  been  appointed  to  consider  details. 

Enterprise. — We  congratulate  our  contemporary  The 
Street  Railway  Jowmal  on  its  enterprise  in  publishing  a 
daily  issue  during  the  session  of  the  convention  of  the 
American  Street  Railway  Association  held  this  month. 

Beekmondwike  (Torluu). — The  Local  Board  have 
determined,  by  the  casting  vote  of  the  chairman,  to  apply 
for  an  order.  The  enquiries  of  the  Special  Committee  as 
to  electric  lighting  are  said  to  have  resulted  very  satis- 
factorily. 

Siiain. — ^No  wonder  the  electric  light  is  finding  favour 
in  Madrid  (wde  our  last  issue,  page  352),  tor  we  read  that 
gas  is  as  high  as  9s.  per  1,000ft.  It  is  stated  that  the 
two  central  stations  just  started  have  already  found 
customers  for  16,000  lights. 

■leetrle  ClyroBOOpe. — M.  Dumoulin  Froment,  son-in- 
law  and  successor  of  M.  Froment,  the  well-known  instrument 
maker,  says  that  he,  and  not  M.  Trouv6,  was  the  first  to 
construct  an  electric  gyroscope.  M.  Froment  (the  elder) 
exhibited  an  electrically  driven  gjrroscope  in  1867  in  Paris. 

International  Mining  EzhiMtion. — ^Among  the 
awards  to  exhibitors  at  this  exhibition,  held  at  the  Crystal 
Palace,  we  notice  the  names  of  Lars  Bristol,  London,  por- 
table electric  safety  lamps,  for  mining  and  other  purposes ; 
and  John  Davis  and  Son,  Derby,  Davis's  self-timing  anemo- 
meter. 

Sonthend. — In  reply  to  the  East  Coast  Electric  Light 
Company,  who  pointed  out  to  the  Local  Board  the  advan- 
tages which  would  accrue  from  their  (the  company)  making 
the  application  tor  an  order,  the  Board  said  that  they 
intended  to  stick  to  their  decision  to  make  the  application 
themselves. 

Dresden.  — ^The  Town  Council  have  resolved  to  post- 
pone the  construction  of  a  central  station  until  the  Frank- 
fort Exhibition  has  been  held,  from  which  they  hope  to 
gain  information.  The  three  firms  who  tendered  for  the 
lighting  (mentioned  in  our  last  issue)  will  then  be  invited 
to  compete  again. 

Rothseliild  -  Deprei  Combination.  —  LElectridm 
says  that  the  Soci6t^  Parisienne  d'Eclairage  et  de  Force  par 
TElectricitd  has  been  floated  to  replace  the  Rothschild- 
Deprez  combination  known  as  the  Soci^t6  de  la  Transmis- 
sion de  la  Force  par  TElectricit^.  The  capital  is  fixed  at 
10,000,000f.  in  20,000  shares. 

O.8.  A. — ^The  president  of  the  Old  Students'  Association, 
Mr.  W.  B.  Esson,  will  deliver  his  inaugural  address  on 
Tiiursday  next  at  Finsbury  College  at  8  a.m.  His  text  will 
be  ''  Industrialism,"  a  word  of  recent  mintage,  we  believe, 
but  a  suggestive  one  withal.  We  have  no  doubt  Mr. 
Esson  will  do  justice  to  his  subject  ' 

Vienna, — It  is  stated  that  the  Emperor  of  Austria  has 
decided  to  light  the  Imperial  Palace  at  Vienna  electrically. 
Eight  thousand  16-c.p.  incandescents  will  be  required.  The 
firm  of  Egger  has  the  order  for  the  installation,  and  the 
current  will  be  taken  from  the  mains  of  the  International 
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Electric  Company.    The  Royal  chateau  at  Pesth  ia  also  to 
be  lighted. 

Large  Engine  and  Dirnamo. — The  large  Armington 
and  Sims  engine  in  factory  K  of  the  Thomson-Houston 
works  at  Lynn,  Mass.,  ¥ras  started  a  week  or  two  ago.  The 
engine  is  of  440  h.p.,  and  runs  at  240  revolutions  per 
minute.  It  drives  a  2,600-light  alternating  machine,  which 
supplies  the  current  for  the  test  lamps. 

Gkklalniing. — ^The  Corporation  have  renewed  their 
contract  with  the  gas  company,  on  whom  the  threat  of  the 
introduction  of  the  electric  light  had  produced  a  marvellous 
effect,  for  one  year.  The  Lighting  Committee  are  in  the 
meantime,  however,  by  no  means  to  lose  sight  of  the  electric 
light,  as  the  Corporation  would  like  to  be  in  a  position  to 
adopt  it  in  a  year's  time. 

Franklin  Instttnte. — ^The  programme  of  this  institute 
for  1890-91  includes  papers  by  Dr.  Louis  Bell  on  "Elec- 
tricity as  a  Rival  to  Steam  " ;  Prof.  Richards,  of  Lehig 
University,  on  *'  The  Aluminium  Problem  " ;  Ptof.  Elihu 
Thomson  on  "  Induction  of  Electric  Currents  and  Induction 
Coils  "  ;  and  by  Mr.  F.  L.  Carrison  on  *'  New  Alloys  in  their 
Engineering  Applications." 

New  Subway. — A  new  subway  under  the  Mersey  for 
vehicular  traffic  will  soon  be  in  hand.  It  will  be  about  one 
mile  long,  with  a  width  of  roadway  of  19ft.  The  steepest 
gradient,  extending  over  440  yards  in  the  centre  of  the 
tunnel,  will  be  1  in  40.  There  will  be  three  hydraulic  lifts 
at  each  end,  and  the  tunnel  will  be  painted  with  white 
enamel  and  lighted  electrically. 

Cobalt  and  MlokeL — ^We  understand  that  the  process 
of  Herr  Wilhelm  Schoneis  for  obtaining  pure  nickel  and 
cobalt  solutions  from  the  relative  ores  and  smelting 
products  has  been  put  to  practical  and  successful  use  at 
Beierfeld,  in  the  Erzgebirge,  by  the  Hutte  Silberhoffnung. 
KiiMow  believes  that  the  present  very  high  price  of  oxide 
of  cobalt  will  soon  experience  a  reduction. 

Gloneeeter. — The  City  Council  will  apply  for  an  order, 
the  following  being  a  list  of  the  streets  to  be  lighted  within 
two  years  after  the  commencemeift  of  such  order:  The 
Cross,  Northgate-street^  Southgatestreet,  Eastgate-street, 
Barton-street,  from  Eastgate-street  to  the  railway  crossing, 
Westgate-street,  George  street,  and  Clarence-street,  and  the 
road  leading  therefrom  to  the  railway  station. 

Battery  Ughting. — The  following  does  not  at  first 
sight  (or  second  either)  appear  to  be  an  economical  way  of 
lighting.  At  the  concert  room  of  the  Royal  Conservatoire 
at  Brussels  the  orchestra  is  lighted  electrically,  the  current 
being  supplied  from  secondary  batteries,  which  are  charged 
by  a  primary  battery  placed  outside  in  a  courtyard.  The 
latter  is  said  to  be  the  production  of  a  M.  Buffet. 

Donglas  (Isle  of  Man). — Yesterday  week  the  founda- 
tion stone  of  the  Eiffel  tower  to  be  erected  at  Douglas  in 
connection  with  a  suspension  bridge,  was  laid  by  the  Earl 
of  Lathom.  The  height  of  the  tower  will  be  375ft.,  and  it 
will  contain  various  floors  devoted  to  concerts,  skating 
rinks,  refreshments,  etc.  On  the  top  will  be  a  little  tunnel 
containing  a  large  arc  lamp.  Mr.  T.  Floyd,  C.K,  of 
Westminster,  is  the  engineer. 

Budapest  Tramways. — Delay  has  been  caused  in 
making  the  new  electric  tramway  in  Budapest  by  a  decision 
of  the  Board  of  Works,  that  the  line  must  be  worked  on 
the  underground  conduit  system  in  the  town,  and  on  the 
overhead  system  in  the  suburbs,    Thte  decision  has,  how- 


ever, been  reversed  by  the  Government,  as  it  would 
prevent  successful  and  continuous  working.  It  is  now 
expected  that  the  whole  of  the  electric  tramways  in  this 
town  will  be  worked  overhead. 

Dnsseldorf  Ughting. — Some  time  ago  we  noticed 
that  Schuckert  and  Co.  had  the  contract  for  a  20,0001igfat 
station  at  Dusseldorf.  We  now  gather  that  auxiliary 
accumulator  stations  will  be  erected,  and  that  continuous- 
current  machines  will  be  used.  The  central  station  will 
have  three  engines  of  300  h.p.,  and  the  dynamos  will  furnish 
a  maximum  current  of  840  amperes  at  380  volts  pressure. 
The  accumulators  at  the  two  auxiliary  stations  will  have  a 
capacity  of  13,280  ampere-hours,  and  a  discharge  of  3,980 
amperes. 

Mine  Lighting.— A  writer  in  the  Iron  and  Coal  Tradti 
Beview  makes  the  following  comparison  between  the  cost  of 
electricity,  gas,  and  oil  for  mine  lighting.    The  estimates 

are  for  plant  for  a  colliery  raising  1,000  tons  per  day : 

Working  cost,  indad- 
Original        log    repairs     and 
outlay.       ,  depredaUoD,  per 
annum. 

Electricity £200     £60 

Gras — main  pipes  and  fittings    1 50     1 53  ^JtiSSi 

Oil 80     140 

Birmingham  Eleetrie  Trams. — ^The  cause  of  some 
little  iiTegularities  in  the  service  of  the  Bristol-road  cars 
has  been  traced  to  the  roadway  (wood),  which  has  been  bo 
laid  that  expansion  and  contraction  due  to  weather  is  at  a 
maximum ;  consequently  the  car  wheels  grind  against  the 
rails  to  such  an  extent  as  to  materially  retard  their  progress. 
This  was  apparently  not  allowed  for  at  starting ;  but  we 
understand  that,  pending  a  relaying  of  the  road,  such  pro- 
vision of  extra  power  will  be  made  as  will  overcome  this 
cause  of  irregularity. 

Owens  College,  Manehester. — ^A  prize  of  £10  has 
been  offered  by  Mr.  William  Mather,  M.P.,  for  the  best 
essay  on  some  subject  connected  with  the  technical  appli- 
cations of  electricity;  the  competition  being  open  to 
students  working  in  the  physical  laboratory  of  the  Owens 
Ck>llege  during  the  day  or  evening.  The  award  is  to  be 
given  at  the  end  of  the  present  session,  and  Dr.  Edward 
Hopkinson  has  offered  a  similar  prize  to  be  awarded  next 
session.  The  subject  for  the  present  session  is  "  Eecent 
Progress  in  the  Science  of  Magnetism." 

Lyone. — Some  further  details  of  the  scheme  for  utilising 
the  water  power  of  the  Rhone  to  generate  electricity^  for 
distribution  in  and  around  Lyons  have  come  to  hand.  The 
hydraulic  station  will  be  at  Gusset,  and  will  have  26  turbines 
of  500  h.p.  (French)  each ;  24  of  these  will  be  in  daily  use 
and  two  in  reserve.  Each  turbine  will  drive  two  250-h.p. 
dynamos,  and  the  current  will  be  distributed  by  six  under- 
ground mains,  from  which  branches  will  lead  off  as  required. 
We  may,  however,  remind  our  readers  that  this  scheme  is  . 
as  yet  but  an  avaniprojetj  or  as  we  should  say,  "  on  paper." 

The  First  AUantio  Cable.— Mr.  F.  G.  Webb,  of  27, 
Forest-road,  Dalston,  N.E.,  has  published  a  sheet  of  draw- 
ings giving  longitudinal  sections  of  U.M.S.  '*  Agamemnon,*' 
and  the  U.S.  frigate  "  Niagara,"  showing  the  position  of 
the  cable  in  the  holds  of  the  two  vessels,  together  with  the 
length  (in  knots)  in  each  tank,  distinguishing  the  different 
types.  A  line  or  two  at  the  top  of  the  drawing  gives  the 
names  of  the  chiefs  of  the  1858  expedition.  We  have  no 
doubt  there  are  many  cable  men  to  whom  these  drawings 
will  prove  of  historic  interest.  They  can  be  obtained  of 
Mr,  Webb  at  the  price  of  one  shilling. 
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City  Idfflitlng. — At  the  meeting  of  the  Commissionera 
of  Sewera  last  week,  a  Mr.  Stringfellow  wrote  wiying  that, 
in  view  of  the  proposed  electric  lighting  for  the  western 
district  of  the  City,  he  begged  to  state  that  a  new  kind  of 
gas  was  about  to  be  introduced  to  the  public,  which  was  as 
good  as  the  electric  light,  and  far  cheaper.  The  letter  was 
referred  to  the  Streets  Committee.  We  may  point  out  to 
Mr.  Stringfellow  that  "about  to  be"  has  too  decided  a 
smack  of  futurity  about  it.  When  the  gas  has  been  intro- 
duced, and  tried  and  found  to  be  not  only  cheaper  but 
better  than  the  electric  light,  it  will  stand  a  better  chance 
of  adoption. 

Newoaatle  Inflrmary, — ^Four  electric  lamps  have 
been  fitted  up  in  the  operating  theatre  of  this  institution. 
Two  of  them  are  placed  over  the  operating  table,  and  one 
is  fixed  at  each  end  of  the  room.  The  installation  has  been 
arranged  by  Mr.  Charleton,  electrical  engineer,  of  Singleton 
House-buildings,  Northumberland-street,  and  that  gentleman 
has  not  only  generously  made  the  institution  a  present  of 
the  lamps  and  appliances,  but  has  carried  out  the  work  of 
fitting  them  up  free  of  charge.  The  current  is  supplied 
free  by  the  Newcastle  Electric  Lighting  Company  for  the 
ensuing  six  months.  The  light  is  stated  to  have  already 
given  great  satisfaction  to  the  medical  staff. 

Soathampton.— The  Southampton  Electric  Light 
Company  have  begun  the  conduits  for  their  mains  along 
the  footway,  High-street  The  conduit  is  formed  of  a  con- 
crete floor  and  sides,  with  stone  slabs  on  top,  and  manholes 
at  intervals.  The  following  particulars  as  to  the  present 
position  of  the  company  may  be  interesting.  The  nominal 
capital  is  £30,000,  divided  into  4,000  preference  and  2,000 
ordinary  shares  of  £5  each ;  577  ordinary  shares  have  been 
taken  up,  and  there  has  been  paid  on  these  shares  the  sum 
of  Xl,071.  The  company  has  issued  debentures  to  the 
amount  of  £2,100  for  the  purpose  of  satisfying  liabilities 
under  a  contract  between  the  company  and  Messrs.  Cromp- 
ton  and  Co.,  for  the  supply  of  plant  and  mains. 

Ball  Idgtitiiliiff. — ^M.  Yon  Lepel  produces  ball  light- 
ning with  an  influence  machine  as  follows :  two  thin  copper 
wires  connected  to  the  poles  of  the  machine  are  kept  at  a 
certain  distance  from  the  opposite  sides  of  a  plate  of  mica, 
ebonite,  or  glass,  when  little  red  luminous  balls  appear 
which  move  hither  and  thither,  sometimes  quickly,  some- 
times slowly,  occasionally  remaining  still.  The  best  effects 
are  obtained  with  a  plate  of  glass  or  paper  disc  painted 
with  paraffin.  M.  Yon  Lepel  is  of  opinion  that  small 
liquid  or  dust  particles  are  the  vehicles  of  the  luminous 
phenomenon.  A  light  breath  of  air  will  cause  the  balls  to 
disappear  with  a  slight  crackle.  These  results  can  only  be 
obtained  with  weak  pressure,  for  when  this  is  inpreased 
the  ordinary  spark  discharge  occurs. 

Presentation. — On  Friday,  the  23rd  inst,  a  deputation^ 
consisting  of  about  20  of  the  National  Telephone  Com- 
pany's employes  in  Scotland,  comprising  all  the  principal 
district  managers  and  engineers,  waited  on  Mr.  A.  B. 
Bennett  and  presented  an  illuminated  address  recapitu- 
lating his  services  to  the  company  during  the  eight  years 
of  his  administration  as  general  manager  of  their  affairs  in 
Scotland,  and  expressing  regret  at  his  resignation  and  good 
wishee  for  the  future.  The  addiess  was  accompanied  by 
a  costly  set  of  Sir  William  Thomson's  electrical  testing 
apparatus,  manufactured  by  the  India  Rubber,  Outta 
Percha,  and  Telegraph  Works,  of  Silvertown.  The  pre- 
sentation was  acknowledged  by  Mr.  Bennett  in  suitable 
terms,  and  he  was  afterwards  entertained  to  luncheon. 


Crlteiioa  and  Oalety  Reatanrants.  —  Improve- 
ments have  been  recently  made  at  the  Criterion,  and 
additional  lighting  plant  has  been  put  down,  about  1,000 
lights  having  been  added.  The  dynamos  for  feeding  these 
were  supplied  by  Messrs.  Mather  and  Piatt,  and  are  of  the 
Edison-Hopkinson  type.  The  ventilating  fans  in  the 
theatre  and  other  parts  of  the  building  are  now  ivorked  by 
Elwell-Parker  motors,  supplied  by  the  Electric  Construc- 
tion Corporation.  We  hear  they  have  given  satisfaction. 
The  Gaiety  has  been  wized  throughout,  and  about  300 
EdisonSwan  16-c.p. incandescents and  four Brockie-Pell  12- 
ampere  arcs  are  supplied  from  the  Metropolitan  Company's 
mains.  Mr.  Hargreaves,  engineer  to  Messrs.  Spiers  and 
Pond,  has  had  charge  of  the  above  work.  The  light  has 
proved  very  satisfactory  so  far,  the  arcs  being  remarkably 
good. 

The  nectiieal  Bnglneerinff  Cerporatlen. — ^We 

have  received  a  copy  of  the  catalogue  issued  by  this  com- 
pany, which  includes  very  complete  information  as  to  the 
specialities  in  the  way  of  dynamos,  lighting  apparatus, 
launch  driving,  and  electric  traction  manufactured  by  them. 
These  have  frequently  been  referred  to  in  our  pages. 
There  are  numerous  illustrations  and  the  type  is  clear  and 
distinct  We  have  pleasure  in  bringing  it  to  the  notice  of 
ourreaders,  whomay  be  reminded  that  the  company's  London 
offices  are  at  3,  Princes-mansions,  S.W.  This  corpora- 
tion has  for  the  last  nine  months  been  making  considerable 
extensions  at  their  works  at  West  Drayton,  and  these  are 
now  complete.  In  the  course  of  a  week  their  new  machinery 
will  be  put  to  work,  and  among  the  new  machine  tools  there 
will  be  some  of  the  largest  employed  in  the  electrical 
industry. 

Electrio  Uffhtlng  in  Anstralla.— At  a  recent  meet- 
ing  of  the  New  Australian  Electric  Company  in  Melbourne, 
the  chairman  stated  that  the  lighting  business  was  steadily 
increasing.  The  company's  new  station  near  South  Yarra 
was  nearly  completed,  and  would  be  ready  for  work  in  a 
month's  time.  The  equipment  of  the  station  had  been 
pronounced  by  English  exports  to  be  one  of  the  most  perfect 
yet  constructed,  being  a  duplicate  of  one  of  the  latest  and 
most  approved  stations  erected  in  London.  The  capacity  of 
that  portion  of  the  station  nearly  completed  was  equal  to 
about  16,000  lamps ;  but  the  building  had  been  so  arranged 
that  its  extension  could  be  carried  on  from  time  to  time  to 
meet  all  requirements.  The  mains  are  being  rapidly  laid 
throughout  Richmond,  Prahran,  and  South  Yarra ;  Govern- 
ment House,  the  Observatory,  and  the  Prahran  Public 
Library  being  the  first  points  to  be  served. 

Tramcar  Emei^rency  Brake. — On  page  443  of  our 
last  volume  {Electrical  Engineer,  June  6)  we  gave  some 
account  of  trials  made  at  Grimsby  with  the  emergency 
brake  invented  by  Mr.  Louis  Porri,  of  that  town.  The 
tests,  though  of  considerable  severity,  were  satisfactorily 
undergone ;  and,  as  a  result,  the  Board  of  Trade,  to  whom 
General  Hutchinson,  the  inspector  present  at  the  trials, 
reported  favourably,  have  decided  that  Mr.  Porri's  apparatus 
appears  to  fulfil  the  requirements  of  an  emergency  brake. 
As  a  result  of  the  trials  in  question  quite  a  crop  of  emer- 
gency brakes  have  sprung  up,  which  have  been  favourably 
reported  on  to  the  Board  of  Trade.  We  may,  however, 
point  out  that,  to  the  best  of  our  belief,  Mr.  Porri  was  the 
pioneer  on  the  road  to  success  in  this  direction,  and  is  pro- 
portionately deserving  of  credit.  We  hope  it  will  not  be 
long  betore  tramway  companies,  whatever  motive  power 
they  employ,  will  adopt  an  emergency  brake ;  for  in  towns 
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where  steep  gradiento  prevail  runaway  cam  have  been  un- 
pleasandy  frequent  of  late. 

Bleotrie  IdflrlitlBg  In  Paris.— The  lighting  of  the 
Gran  Plaza  de  Toros,  in  Paris,  has  been  carried  out  by  the 
Cance  Company  and  the  Compagnie  Nationale  d'Electricit^ 
The  arena  is  lighted  by  a  circle  of  145  Cance  lamps  sus- 
pended from  the  cupola  at  a  height  of  44  metres.  Two 
Powell  steam  engines,  and  one  by  Challigny,  drive  (by 
means  of  shafting  and  pulleys)  three  compound-wound 
Gramme  machines,  giving  550  amperes  and  70  to  75  volts 
(at  the  terminals)  at  full  load.  Sliding  bedplates  are  pro- 
vided to  take  up  slack,  and  these  are  insulated  from  the 
floor  by  wooden  platforms.  The  three  dynamos  feed  145 
Cance  d^tmpere  lamps,  but  this  number  may  be  increased 
eventually  to  180.  The  cables  between  the  djnamos  and 
the  switchboards  are  composed  of  60  copper  wires.  The 
Cance  lamps  are  fitted  with  clear  glass  globes,  and  have 
cinder  catchers,  which  hang  by  light  chains.  The  stables, 
etc.,  are  lighted  by  the  Compagnie  Nationale,  a  Ferranti 
(2,400-volt)  machine,  giving  45  amperes,  and  used  in  con- 
junction with  transformers,  feeding  some  arc  and  incandes- 
cent lamps, 

Sntton  (Surrey). — ^At  the  last  meeting  of  the  Local 
Board,  the  committee  appointed  to  consider  Mr.  Holford's 
motion  relative  to  building  baths,  public  offices,  fire  stations, 
etc.,  for  the  town  on  the  site  of  Ruck's  chalk  pit^  in  the 
High-street,  reported  that  they  had  received  a  petition 
from  44  of  the  principal  tradesmen  of  Sutton  that  the  town 
should  be  lighted  by  electricity,  and  they  recommended 
that  the  Board  should  take  immediate  steps  to  secure  the 
site  of  Buck's  chalk  pit  for  the  proposed  scheme.  Mr. 
Holford,  in  proposing  the  adoption  of  the  report,  said  that 
as  to  the  electric  lighting,  they  could  light  the  town  with 
lamps  giving  nearly  double  the  light  at  present  for  the  sum 
of  £1,600  per  annum.  The  electric  lighting  scheme  would 
reduce  their  rates  materially.  He  moved  a  resolution 
to  the  effect  that  the  Board  approve  of  the  scheme  for 
municipal  buildings,  electric  light,  and  baths,  and  that,  as 
a  preliminary  step,  the  committee  be  empowered  to  make 
an  offer  for  the  freehold  site  in  the  High-street  known  as 
Ruck's  chalk  pit.  After  discussion,  the  matter  was 
adjourned  to  be  considered  at  a  special  meeting. 

Bleetro-Hannonic  Sooiety.— The  next  smoking 
concert  will  be  held  on  Friday  next  in  the  Banquet-room 
of  the  St.  James's  Hall  Restaurant  at  eight  o'clock.  The 
following  is  the  programme :  Part  I. — Trio,  "  Wine  !  The 
Magician  "  (Rose  of  Castile)  (Balfe),  Mr.  Branscombe,  Mr. 
Tuf nail,  and  Mr.  Grove ;  song,  "  Return  with  the  May  " 
(Van  Lenep),  Mr.  Musgrove  Tuf nail ;  songs,  (a)  '*  To  Chloe 
in  sickness"  (Sterndale  Bennett),  (b)  *'If  thou  art  sleeping  " 
(Gounod),  Mr.  Edward  Branscombe ;  harp  solo,  "  Le  reveil 
des  Sylphes"  (Alvars),  Mr.  G.  T.  Miles;  song,  "The 
Wanderer"  (Schubert),  Mr.  Ben  Grove;  pianoforte  solo, 
Mr.  Alfred  Izard ;  recitation,  Mr.  C.  Fry.  Part  II. — Duet, 
"Friendship"  (Marzials),  Mr.  Branscombe  and  Mr.  Tufnail; 
song,  "  Good  Night,  Beloved "  (Balfe),  Mr.  Edward 
Branscombe ;  song,  "  The  Monarch  of  the  Storm  "  (Mullen), 
Mr.  Musgrove  Tufnail ;  harp  solo,  "  The  Bells  of 
Aberdovey "  (Thomas),  Mr.  G.  T.  Miles ;  song,  "  Love's 
Omnipresence"  (T.  R  Gladstone),  Mr.  Ben  Grove; 
recitation,  "  The  Village  Choir  "  (Anon),  Mr.  C.  Fry  ;  trio, 
•'  The  Wreath  "  (Mazzinghi),  Mr.  Branscombo,  Mr.  Tufnail, 
and  Mr.  Grove. 

Xaffhthoiise  ninmlnanta.— The  report  of  Su*  Geo. 
Stokes,  Lord  Rayleigh,  and  Sir  Wm.  Thomson,  who  were 


appointed  a  committee  to  enquire  into  the  results  of  the 
South  Foreland  Lighthouse  experiments,  and  which  is  the 
final  report  dealing  with  the  matter,  has  been  published. 
One  question  was  whether  the  Trinity  House  wrere  right  in 
ignoring  gas  as  a  result  of  the  experiments,  and  this  is  what 
the  committee  say  on  the  matter :  "  Though  gas  possesses 
undoubted  advantages  over  oil  in  some  respects,  such  as 
facility  of  increasing  the  power  on  the  sudden  occurrence 
of  fog,  absence  of  the  necessity  of  trimming,  power  of 
making  instantaneous  transition  from  light  to  dark  and 
conversely,  we  do  not  think  these  advantages  sufficient  to 
outweigh  the  advantages  which  mineral  oil  possesses  for 
ordinary  employment  on  account  of  its  simplicity  and 
economy.  We  think,  too,  that  for  specially  important  sea 
lights  the  experiments  show  that  electricity  offers  the 
greatest  advantages.  At  the  same  time  we  see  no  reason 
for  confining  the  choice  to  these  two  alternatives,  nor  does 
it  appear  that  the  words  of  the  report  so  confine  it  There 
may  be  special  reasons  in  particular  cases  for  giving  the 
preference  to  gas,  and  it  seems  even  desirable  that  mariners 
should  have  the  opportunity  of  witnessing  the  effects  of 
different  systems,  which  would  thereby  be  subjected  to  the 
test  of  long-continued  practical  experience." 

The  Eleotrio  Light  for  Divers. — On  Monday  last 
Mr.  Applegarth,  of  Mansion  House-chambers,  Queen  Vic- 
toria-street, E.C.,  exhibited  at  the  offices  of  Eledrieal  Plani^ 
Queen-street,  E.C.,  some  recent  improvements  in  diving 
dresses  which  have  been  carried  out  by  M.  Denayroujee. 
In  the  new  dress  there  are  but  three  pieces — ^helmet, 
collarette,  and  body  ;  and  the  helmet  is  fitted  to  the  collar- 
ette by  a  screw-spring  adjustment,  t^us  doing  away  with  all 
loose  pieces  in  the  shape  of  nuts.  The  dress  has  been  adopted 
in  the  French  navy.  The  helmet  is  also  fitted  with  an 
incandescent  lamp,  inclined  forward  at  an  angle  of  about 
30deg.,  and  fitted  with  protector  and  mirror.  On  Monday 
the  lamp  was  fed  from  an  accumulator.  If  it  is  proposed, 
as  we  believe  it  is,  to  have  the  battery  in  a  boat,  and  that 
the  diver  shall  drag  the  leads  about  with  him,  we  do  not 
think  the  plan  will  work  well,  especially  where  the  searching 
of  wrecks  is  in  question.  To  our  mind  it  would  be  more 
practical  to  equip  the  man  with  a  watertight  knapsack, 
fitted  with  cells,  somewhat  after  the  fashion  that  Siemens 
adopted  for  the  ballet  girls  at  the  Savoy  Theatre  when 
"lolanthe"  was  being  played.  The  idea  of  affixing  an 
incandescent  lamp  to  a  diver's  helmet  is  credited  to  M. 
Marcillhazy,  of  Paris.  Mr.  Applegarth  also  showed  and 
described  the  Denayrouze  respirator,  in  combination  with 
the  upper  half  of  a  diver's  dress  and  helmet,  fitted  with  an 
electric  lamp  for  use  in  ascertaining  the  seat  of  a  fire  in  a 
ship's  hold,  when  as  yet  there  was  more  smoke  than  fire. 

Messrs.  Spiers  and  Pond. — ^This  enterprising  firm 
have  nearly  completed  large  stores  near  the  Ludgate-hill 
Station,  which  will  be  lighted  electrically,  and  from  what 
we  can  gather  this  should  prove  to  be  a  model  station  of  its 
kind.  The  machinery  is  placed  in  the  sub-basement,  and 
consists  of  five  of  Willans  and  Robinson's  G  G  engines, 
driving  Edison-Hopkinson  dynamos  made  by  Mather  and 
Piatt,  of  the  same  model  as  that  illustrated  in  our  last  issue, 
and  one  C  £  engine  by  the  same  makers  driving  an 
Edison  -  Hopkinson  machine  of  about  24,000  watts 
output  Steam  is  supplied  from  three  150-h.p.  boilers, 
made  by  Messrs.  Babcock  and  Wilcox  at  their  Glasgow 
works.  Great  attention  has  been  given  to  the  arrangements 
for  distributing  the  steam,  and  it  will  be  practically  impos- 
sible for  an  entire  breakdown  to  occur,  even  should  one-half 
of  the  steam  main  give  way.    The  total  capacity  of  the 
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Btation  will  be  about  2,100  amper^.  The  cables  outside 
the  stores,  which  will  supply  Messrs.  Spiers  and  Pond's 
other  departments  even  as  far  away  as  Holborn,  are  being  laid 
by  the  Callender  Company,  who  are  using  their  well-known 
lead-covered  cable.  There  will  be  four  pairs  of  cables, 
extending  for  a  distance  of  about  700  yards.  We  under- 
stand that  Messrs.  Spiers  and  Pond  will  probably  open 
their  new  stores  about  the  middle  of  November,  and  by 
that  date  we  suppose  the  station  will  be  complete  in  all 
detaOs.  A  trial  run  has  already  taken  place  with,  so  it  is 
whispered,  very  satisfactory  results.  If  everything  works 
well  in  the  future  we  shall  have  to  congratulate  Mr.  Sidney 
Hargreaves,  engineer  to  Messrs.  Spiers  and  Pond,  who  has 
engineered  the  whole  thing. 

Xleotrlo  Uffhtinff  in  Baltimore.— The  Brush 
Electric  Company,  of  Baltimore,  Md.,  is  making  additions 
to  its  already  very  extensive  alternating-current  electric 
lighting  plant,  which  will  give  it  a  total  capacity  of  20,000 
lamps  of  16  c.p.  each,  and  will  make  the  Baltimore  central 
station  plant  one  of  the  largest  alternating-current  incan- 
descent lighting  plants  in  the  United  States.  It  was 
in  the  early  part  of  1887,  a  little  over  three  years 
ago,  that  the  Brush  Company  made  the  first  contract 
with  the  Westinghouse  Electric  Company  for  the  in- 
stallation of  alternating-current  apparatus  aggregating  a 
capacity  of  5,000  lights.  The  undertaking  was  then  looked 
upon  as  more  of  an  experimental  test  of  the  new  Westing- 
house  system  than  anjrthing  else.  The  Baltimore  Company 
had  been  frequently  urged  to  extend  its  system  of  lighting 
all  over  the  city,  but  the  management  had  not  been  able  to 
comply  with  this  demand,  because  the  electric  lighting 
system  in  operation  would  not  enable  them  to  cover  any  large 
territory  without  the  putting  up  of  several  additional  power 
houses.  In  other  words,  it  was  not  suitable  for  long-distance 
lighting.  But  as  the  Westinghouse  Company  claimed  for  its 
alternating-current  system  that  it  was  especially  adapted  to 
cover  a  large  area  in  a  safe  and  yet  economical  manner,  it 
was  thought  advisable  to  try  it  From  that  time  the  popu- 
larity of  the  new  system  was  in  Baltimore  an  established 
fact.  The  demand  for  the  new  light  grew  at  an  enormous 
rate  and  before  long  the  company  was  compelled  to  increase 
its  plant.  The  Westinghouse  Com|)any  was  called  on  for 
additional  apparatus  of  3,000  lights  capacity.  But  even  this 
did  not  long  satisfy  the  demand,  and  twice  again  the  com- 
pany increased  its  capacity  by  3,000  lights,  until  at  the 
beginning  of  the  present  year  the  central  station  plant  had 
a  total  capacity  of  14,000  alternating-current  incandescent 
lights.  This  last  addition  has  been  necessitated  on  account 
of  the  demand  which  has  been  made  on  the  Baltimore  plant, 
and  when  the  installation  is  completed  there  will  be  but 
two  cities  in  the  country  with  larger  capacities  of  alter- 
nating-current incandescent  lighting  apparatus — Pittsburgh 
with  60,000,  and  New  York  with  50,000.— Electrical  World. 


\ — ^A  conference  has  been  held  between  the 
directors  of  the  Exeter  Electric  Light  Company  and  a  com- 
mittee of  the  Town  Council,  with  reference  to  the  former's 
application  for  an  order,  but  neither  have  been  able  to  come 
to  terms.  The  committee  reported  to  the  last  meeting  of 
tike  CouncO  that  they  were  of  opinion  that  the  terms  upon 
which  the  Council  should  be  able  to  exercise  the  right  to 
purchase  at  a  lesser  period  than  42  years  should  be,  that  in 
addition  to  the  value  of  the  plant  and  works  to  be  deter- 
mined by  valuation  upon  the  basis,  and  in  manner  prescribed 
by  section  2  of  the  Electric  Lighting  Act,  1888,  the  Council 
should,  if  electing  to  purchase  at  the  end  of  14  years,  pay 
a  sum  as  goodwill  equal  to  the  net  profits  of  the  preceding 


five  years,  and  if  the  option  be  exercised  at  the  end  of  21 
years  then  that  the  net  profits  of  the  then  preceding  three 
years  be  added,  and  if  at  the  end  of  28  years  the  net  profits 
of  the  then  preceding  two  years  be  added.  The  directors 
of  the  electric  light  company  replied  to  this  proposal, 
through  their  solicitor,  that  they  could  not  consent  to 
clauses  being  inserted  in  the  provisional  order,  giving  the 
Council  the  option  of  purchase  at  a  less  term  than  42  years, 
except  upon  the  following  conditions  :  (1)  That  such 
option  shall  not  arise  at  less  than  21  years.  (2)  That  the 
basis  of  purchase  be  the  repayment  to  the  company  of  all 
capital  expended  by  them,  with,  in  addition,  an  amount 
equal  to  the  net  profits  of  the  company  for  the  preceding 
five  yeara  if  the  purchase  cakes  (ilace  in  the  first  30  years, 
and  of  the  preceding  three  years  if  it  takes  place  between 
30  years  and  42  years.  The  committee  stated  that  these 
terms  they  could  not,  under  any  circumstances,  recommend 
the  Council  to  accept.  After  considerable  discussion, 
during  which  several  different  resolutions  and  amendments 
were  proposed,  a  vote  was  taken  on  the  question  that  the 
Council  should  themselves  apply  for  a  provisional  order. 
This  was  carried  by  20  votes  to  16.  It  was  also  decided 
not  to  consent  to  the  application  of  the  company  for  a  pro- 
visional order,  and  the  town  clerk  was  instructed  to  take 
immediate  steps  in  carrying  the  resolution  into  effect. 
Verily  the  path  of  supply  companies  is  not  always  a  smooth 
one. 

The  Edinburgh  Exhibition. — It  has  been  officially 
announced  that  the  letters  of  the  guarantee  fund  of  the 
exhibition  have  been  hypothecated  to  the  British  Linen 
Company  Bank  in  security  of  advances.  This  is  accepted 
as  a  confirmation  of  the  rumours  as  to  the  large  deficit  that 
the  balance-sheet  of  the  exhibition  was  likely  to  disclose. 
There  is  a  general  expectation  that  very  little  of  the 
guarantee  fund,  said  to  amount  to  £25,000  or  £30,000, 
will  survive.  On  Tuesday  last,  in  the  Court  of  Session, 
Edinburgh,  Messrs.  Drysdale  and  Gilmour,  contractors,  of 
Leith-walk,  presented  a  petition  for  the  judicial  winding-up 
of  the  exhibition  association.  The  petitioners,  who  erected 
the  exhibition  buildings,  stated  that  there  was  still  a 
balance  of  £9,000  duo  to  them,  which  the  association, 
although  called  upon,  had  failed  to  pay.  They  stated 
further  that  the  only  assets  were  the  guarantee  fund  and 
the  exhibition  buildings,  which  at  the  close  of  the  exhibi- 
tion must  be  broken  up  and  sold.  On  the  other  hand,  there 
were  debts  amounting  to  £43,961,  including  petitioners' 
debt  and  £20,000  advanced  by  the  bank.  The  petitioners 
stated  that  the  exhibition  would  result  in  a  large  deficiency 
and  heavy  loss  to  the  creditors,  and  they  asked  the  Court 
to  appoint  a  judicial  liquidator,  in  order  to  prevent  the 
bank  and  other  creditors  obtaining  a  preference.  On 
Wednesday  Lord  Young  gave  judgment^  and  said  he 
thought  that,  without  deciding  anything  about  the  propriety 
of  the  merits  of  this  application  for  the  judicial  winding-up, 
they  should  grant  the  usual  formal  order  for  intimation  and 
service  upon  the  respondents.  Their  Lordships  concurred. 
Answers  were  ordered  to  be  lodged  to  the  petition  within 
eight  days.  On  the  same  day  Lord  Stormonth  Darling 
heard  counsel  in  the  Bill  Chamber  of  the  Court  of  Session 
in  connection  with  a  petition  by  Oilroy  and  Company,  con- 
tractors, against  the  Edinburgh  International  Exhibition 
for  intimation  and  service  of  the  petition  and  interim  inter- 
dict against  that  day's  drawings  at  the  exhibition  bein^  paid 
the  British  Linen  Bank.  After  a  discussion,  interim  inter- 
dict was  granted  on  caution  being  found,  answers  to  be 
lodged  in  24  hours. 
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ELECTROLYTIC  BLEACHING. 

BY  ALEXANDER  WATT. 

The  great  advances  which  have  been  made  in  the  means 
of  obtaining  electric  currents  without  involving  the  con- 
sumption of  metallic  zinc,  as  in  the  ordinary  voltaic 
battery,  have  rendered  many  electrolytic  processes  com- 
mercially available  now  which  had  to  be  abandoned 
formerlv,  soon  after  their  conception,  in  fact,  owing  to  the 
unavoidable  cost  of  the  zinc,  acids,  etc.,  consumed  in 
carrying  out  such  processes  in  what  may  be  termed  the 
*' old  lottery  days."  The  first  great  practical  advance 
which  was  made  in  this  direction  was  due  to  Mr.  Ilenry 
Wilde,  whose  magneto-electric  machine,  soon  after  its 
introduction,  was  adopted  by  Messrs.  Elkington  and 
other  large  firms,  not  only  for  depositing  silver,  but  for 
the  production  of  electrotypes  of  lar^e  dimensions,  such  as 
statues,  for  example,  and  subsequenUy  for  refining  impure 
copper  of  the  smelting  works  by  electrolysis,  a  process  of 
the  greatest  importance,  and  the  success  of  which  was  the 
inauguration  of  a  new  scientific  art,  dectro-metaUutgy^  a 
title  which  had  been,  up  to  that  time,  applied  to  the  art  of 
electro-deposition  generally,  but  is  now  understood  to  apply 
to  the  purification  of  metaJs  by  electrolysis,  or  their  extrac- 
tion from  ores  by  the  same  means,  as  distinct  from 
the  art  of  electro-deposition,  commonly  miscalled  *'  electro- 
plating."* 

Previous  to  the  introduction  of  magneto  and  dynamo- 
electric  machines,  not  only  were  electrolytic  processes 
destined  to  failure  on  account  of  the  high  cost  of  the 
electric  current  obtained  from  voltaic  batteries,  but  electric 
lighting — ^in  which  many  costly  attempts  had  been  made  to 
render  this  source  of  artificial  illumination  available — had 
to  be  abandoned  from  the  same  cause.  Now  that  we  can 
get  our  electricity  cheaply — at  least  by  comparison  with 
the  voltaic  current — we  find  that  processes  which  had  been 
abandoned  by  their  inventors  solely  owing  to  the  cost  of 
the  current  produced  by  batteries,  and  not  from  any  prac- 
tical defects  in  the  processes  themselves,  have  from  time  to 
time  been  reintroduced  as  absolute  novelties.  As  an 
example  of  this  kind  of  thing  it  will  be  only  necessary  to 
give  the  following  extracts  from  a  patent  obtained  by  the 
writer's  brother,  Mr.  Charles  Watt,  in  1851,  to  show  the 
close  resemblance  between  this  invention  and  many 
subsequent  patents,  which  have  been  based  upon  its 
essential  details  and  claims.  A  review  of  Mr.  C.  Watt's 
specification  will  be  useful  to  paper  makers  and  others  who 
may  feel  disposed,  now  that  a  "  chemical  corner"  has  been 
formed  to  raise  the  prices  of  the  chief  substances  used  in 
their  manufacture — caustic  soda  and  bleaching  powder — to 
turn  their  attention  to  electrolysis  as  a  means  of  frustrating 
the  machinations  of  the  "corner"  men.  It  need  not  be 
said  (Mr.  C.  Watt's  patent  having  long  since  expired)  that 
the  process  involved,  which  is  a  perfectly  practical  one,  is 
now  public  property,  and  may  be  adopted  by  anyone. 

Extracts  from  Mr.  C,  Waifs  Specijicatian, — "  The  third  part 
of  my  invention  consists  of  a  mode  of  converting  chlorides 
of  potassium  and  sodium  and  of  the  metals  of  the  alkaline 
earths  into  hypochlorites  and  chlorates,  by  means 
of  a  succession  of  decompositions  in  the  solution  of 
the  salt  operated  upon,  when  induced  by  the  agency 
of  electricity.  .  .  .  The  electricity  first  decomposes 
the  chloride,  the  chloride  being  eliminated  at  one 
of  the  electrodes,  and  the  alkaline,  or  earthy  base,  at  the 
other  electrode.  .  .  .  The  liberated  chlorine  will,  when  it 
is  set  free,  combine  with  a  portion  of  alkali,  or  alkaline 
earth,  in  the  solution,  and  a  hypochlorite  will  be  formed. 
...  If  I  desire  to  produce  a  hypochlorite  of  the  alkali,  or 
earth,  I  continue  the  process  until  as  much  of  the  saline 
matter  has  been  converted  into  a  hypochlorite  as  may  be 
required  for  the  purpose  to  which  the  solution  is  to  be 
applied.  This  mode  of  forming  a  hypochlorite  of  the 
alkalies  and  alkaline  earths  may  be  used  for  preparing  a 
bath  for  the  purpose  of  bleaching  various  kinds  of  goods  ; 

•  The  term  "  plating "  waa  originally  applied  to  a  process  in 
which  a  plate  of  silver  or  gold  was  fluxed  or  soldered  on  to  one  or 
both  surfaces  of  an  ingot  formed  from  an  alloy  of  copper  and  brass, 
the  operation  being  performed  in  a  plating  funiact.  The  compound 
ingot  was  afterwards  rolled  out  to  the  required  thickness,  and  the 
sheets  thus  produced  were  then  manufactured  into  "  plated  ware/' 
**  Sheffield  plate  "  being  exceptionally  good. 


and  the  bath  may  be  strengthened  from  time  to  time  by 
the  action  of  the  electric  current." 

Now,  in  the  above  process  we  have  pointed  out  for  as 
all  that  is  necessary  to  convert  solutions  of  common  salt, 
chloride  of  magnesium,  or  other  alkaline  or  earthy  chlorides 
into  practical  bleaching  liquors ;  and  these  liquors,  when 
wholly  or  partially  exhausted  of  their  chlorine,  may  be 
recuperated  and  again  rendered  active  for  bleaching  pur- 
poses by  simply  passing  the  electric  current  through  the 
spent  liquors  as  occasion  may  require,  these  procaases  of 
bleaching  and  restoration  of  the  liquors  being  carried  on 
ad  infinitum,.  Although  much  has  been  written  and  said 
to  the  contrary,  there  is  really  no  specific  reason 
why  a  solution  of  common  salt  should  not  be  employed 
as  the  electrolyte,  since  the  hypochlorite  of  soda  which 
results  from  its  decomposition  by  the  electric  current 
is  an  exceedingly  powerful  bleaching  agent,  and  is  not  bo 
destructive  to  vegetable  fibres  as  a  solution  of  hypochlorite 
of  lime  (ordinary  bleaching  liquor).  Respecting  the  way 
in  which  the  electrolytic  bleaching  may  be  conducted,  the 
bleaching  liquor  may,  of  course,  be  prepared  in  a  separate 
vessel,  and  after  fulfilling  its  mission  in  the  beaters  or 
potchers,  as  the  case  may  bo,  the  exhausted  liquors  may  be 
run  direct  into  tanks  fitted  with  the  necessary  arrangement 
of  electrodes,  and  the  current  then  allowed  to  pass  until 
the  liquors  have  again  been  converted  into  active  "  bleach." 
It  is  probable,  however,  that  it  might  be  found  even  more 
efifective — suitable  arrangements  as  to  the  fixing  of  the  elec- 
trodes being  made — to  conduct  the  bleaching  of  the  pulp, 
as  is  done  in  the  ordinary  way,  in  the  bating  engines 
direct.  In  such  case  the  spent  liquors  of  one  engine  would 
be  transferred  to  the  next,  and  so  on  through  a  series,  each 
beater  being  of  course  provided  with  its  set  of  electrodes 
and  the  current  switched  on  as  required.  In  cases  where 
it  is  preferred  to  prepare  the  hypochlorite  bleaching  liquors 
in  separate  tanks,  and  to  run  the  "bleach"  into  the  beaters 
in  the  usual  way,  it  might  be  convenient  to  conduct  the 
electrolytic  operation  of  preparing  the  hy|K)chlorite  liquors 
in  an  apartment  immediately  above  that  in  which  the 
beating  engines  are  placed,  in  which  case  the  bleaching 
solutions  could  be  oirectly  run  into  the  engines  below, 
the  exhausted  liquors  allowed  to  flow  into  lower  tanks,  to 
be  again  pumped  upward  to  the  electrolytic  department 
By  such  an  arrangement,  where  necessary,  a  continuous 
flow  of  hypochlorite  solution  could  be  kept  up  in  the  beaters 
of  an  imiform  strength  during  the  earlier  stages  of  the 
bleaching,  and  towards  its  close  the  flow  of  fresh  liquors 
could  be  suspended  until  the  operation  was  completed  by 
the  liquor  in  the  beater. 

When  bleaching  some  vegetable  fibres,  previously  well 
boiled  in  caustic  soda  solution,  by  electrolysis,  in  warm 
solutions  of  common  salt,  decomposed  by  a  moderate 
current,  I  have  invariably  found  that  the  colour  of  the 
fibrous  material  exhibited  a  decided  change  in  the  direction 
of  bleaching  a  few  moments  after  the  current  entered  the 
solution,  and  that  the  progress  of  the  bleaching  was 
exceedingly  rapid,  especially  when  the  temperature  of  the 
solution  was  kept  up  to  about  80deg.  to  90deg.  P.  Any 
paper  maker  or  calico  bleacher  who  may  feel  disposed  to 
test  the  practicability  of  the  electrolytic  method  of  bleach- 
ing can  readily  do  so  without  involving  any  considerable 
outlay.  The  process  itself,  as  before  observed,  is  now 
public  property,  and  involves  no  "  patent  rights."  To  put 
the  process  to  a  practical  test,  say,  to  produce  200 
or  300  gallons  of  bleaching  liquor  at  a  time,  all 
that  will  be  required  is  a  suitable  wooden  tank 
capable  of  holding  the  requisite  quantity  of  a 
nearly  saturated  solution  of  common  salt.  Suspended  in 
the  saline  solution  will  be  a  series  of  carbon  plates,  as 
"  anodes,"  or  positive  electrodes,  and  a  corresponding  series 
of  plates,  which  may  be  of  sheet  zinc,  for  the  "  cathodes,"  or 
negative  electrodes,  placed  about  2in.  or  3in.  distant  from 
the  carbon  plates.  A  dynamo-electric  machine  of  moderate 
capacity,  fixed  near  a  suitable  driving  shaft,  and  connected 
by  copper  conducting  wires  to  the  electrodes,  would  prac- 
tically complete  the  apparatus  required  for  such  a  trial,  and 
if  ascertained  quantities  of  pulp  were  bleached  with  the 
liquors  produced  by  the  electrolvtic  operation  suggested, 
and  the  amount  of  current  actually  used  in  the  operation 
taken  by  instruments  provided  for  the  purpose,  the  relative 
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co«t  of  the  new  method  as  compared  with  the  ordinary 
method  of  hleachine  could  be  readily  calculated  and 
determined.  It  should  be  stated  for  the  guidance  of  those 
who  may  feel  desirous  of  trying  the  electrolytic  method  of 
preparing  bleaching  liquors  with  a  view  to  a  more  extended 
application  of  the  system,  that  any  of  the  dynamo  manu- 
facturers to  whom  they  may  apply  for  information  as  to 
the  cost  of  a  small  trial  plant,  for  example,  will  doubtless, 
if  commissioned  to  supply  such  an  instalment,  furnish  all 
necessary  information  as  to  the  most  suitable  dynamo  for 
the  purpose,  the  amount  of  current  necessary  to  decompose, 
aay,  one-half  of  the  salt  in  an  electrolytic  tank  of  given 
dimensions.  It  may  here  be  mentioned  that  it  is  not 
advisable  to  carry  the  decomposition  of  the  saline  solution 
much  beyond  this  point — that  is,  to  the  extent  only 
of  about  one-half  of  the  salt  in  solution — and  since 
the  solution  may  be  rechlorinated,  so  to  speak,  from 
time  to  time,  after  using,  there  is  nothing  lost  by  suspend- 
ing the  electrolysis  when,  say,  about  one-half  of  the  salt 
Btul  remains  in  an  unaltered  condition ;  and,  moreover,  as 
the  presence  of  undecomposed  salt  does  not  retard  the 
bleaching  in  any  way,  there  is  no  practical  objection  to  its 
presence.  If,  on  the  other  hand,  the  electrolysis  were  to 
be  pushed  much  further  than  the  point  named,  the  hypo- 
chlorite formed  would  in  its  turn  be  decomposed,  involving 
a  useless  waste  of  electricity  and  a  sacrifice  of  a  portion  of 
the  hypochlorite  of  soda  produced. 

In  tne  foregoing  observations  the  object  has  been  to 
direct  the  attention  of  paper  makers  and  others  to  the 
importance  of  electrolytic  bleaching  as  a  substitute  for  the 
moro  costly  and,  it  is  believed,  less  effective  "  bleaching 
powder"  method;  and  a  brief  outline  of  the  former 
system  has  been  given  to  enable  manufacturors  who  may 
not  have  turned  their  attention  in  this  direction,  to  con- 
sider whether  it  might  not  be  worth  their  while  to  "  try 
for  themselves"  whether  or  no  the  electrolytic  process  of 
bleaching  is  a  system  deserving  of  a  more  extended 
application,  bearing  in  mind  also  that  the  process  referred 
to  was  patented  so  far  back  as  1851,  and  is  consequently, 
as  before  shown,  public  property.  The  first  part  of  Mr.  C. 
Watt's  specification  relates  to  the  production  of  caustic 
soda  by  the  electrolytic  decomposition  of  a  solution  of 
common  salt,  and  since  this  process  may  be  rendered 
practically  available  now  that  our  means  of  obtaining  the 
electric  current  for  large  operations  are  virtually  unlimited, 
the  writer  proposes  to  treat  this  subject  in  a  future  paper. 


WHAT  IS  "EARTH"? 


BY  SYDNEY  F.  WALKER. 


Probably  no  phenomena  connected  with  electrical  engi< 
neering  require  such  careful  study,  and  such  a  thorough 
mastery,  as  those  we  know  under  the  generic  name  of 
"earth" ;  yet  probably  about  none  are  there  so  many  hazy 
ideas  entertained  by  those  with  whom  the  term  "  earth  "  is 
an  expression  as  commonly  used  as  any  phrase  in  our 
language. 

in  the  writer's  opinion,  a  true  conception  of  what  really 
constitutes  "  earth,  will  clear  up  she  whole  of  the  mystery 
attaching  to  the  proper  method  of  protecting  not  only 
buildings,  but  also  telephonic  and  electric  lighting  plant 
from  the  destructive  action  of  lightning.  Probably  the 
most  correct  sentence  uttered  by  I>r.  Oliver  Lodge,  in  his 
crusade  against  the  existing  forms  of  lightning  conductors, 
was  that  in  which  he  said  that  "  earth  "  was  a  geological 
questi(m.  For  lightnine  currents,  the  formation  of  the 
strata,  into  which  a  conductor  may  lead  them,  must  have  a 
very  great  influence  upon  their  ultimate  behaviour. 

In  the  early  days  of  electrical  science,  as  is  well  known, 
the  earth  was  considered  to  be  a  reservoir  of  electricity  of 
infinite  capacity.  Frictional  machines  and  galvanic  batteries 
were  simplv  pumps  for  extracting  electricity  from  Mother 
Earth  ;  and  you  returned  the  electricity  to  earth  when  you 
had  done  with  it^  always  provided  it  had  not  escaped  there 
before  it  had  performed  the  work  for  which  you  required 
it.  Mother  Earth  would  take  up  as  much  electricity  also  as 
might  be  poured  into  it,  no  matter  where  it  came  from,  and 
was  perfectly  indiffezent  whether  it  was  called  upon  to 


receive  or  to  furnish  electricity  of  a  positive  or  negative 
sign,  vitreous  or  resinous. 

We  now  know,  of  course,  that  "  earth,"  whatever  may  be 
its  form,  and  whatever  may  be  its  condition,  physically  or 
otherwise,  is  merely  a  natural  conductor,  and  obeys  the 
name  laws  as  other  conductors  in  every  respect  Whether 
electricity  be  a  mode  of  motion  of  the  ether,  or  even  the 
ether  itselfi  we  now  know  that  to  generate  it  in  any 
form  work  must  be  done  upon  or  by  some  body,  and  that 
it  can  only  apparently  disappear  just  as  matter  apparently 
disappears  when  it  is  transferred  into  some  other  manif esta- 
tion  either  of  energy  or  the  ether,  and  that  in  the  process  of 
this  transference  work  must  be  and  is  done  upon  the  body 
through  which  the  electricity  is  passing,  and  that  this  is 
equally  true  whether  the  body  bo  a  copper  conductor  as 
large  in  diameter  as  one  of  the  mooring  hawsers  of  the  old 
line  of  battle-ships,  or  the  earth's  crust  itself,  whatever 
form  that  crust  may  take. 

One  of  the  first  ideas  of  "  earth,"  that  used  with  frictional 
machines — viz.,  a  connection  to  the  floor  of  the  room  by 
means  of  a  chain — ^is  probably  responsible  for  a  good  deal  of 
the  confusion  which  prevails  even  to  this  day,  and  for  the 
sort  of  "  shibboleth  utterance  that  is  in  vogue  where  the 
term  "earth"  comes  in.  Two  amusing  instances  came 
under  the  writer's  notice  that  forcibly  illustrate  the  hazy 
notions  prevailing,  at  any  rate  in  some  quarters,  as  to  the 
nature  of  electricity  generated  by  friction.  Many  people 
believe  even  now  that  the  atmosphere  contains  electricity, 
not  as  electricians  understand  it^  generated  by  clouds  either 
in  the  process  of  formation  or  by  friction  with  the  atmo- 
sphere ;  but  as  something  on  top,  resembling  a  reservoir  of 
water  that  anybody  can  take  a  supply  from  if  he  only  knows 
how.  In  the  two  instances  that  will  be  related,  the  extreme 
dryness  of  the  atmosphere  led  to  two  opposite  results — ^in 
the  one  case  to  what  may  be  called  a  dearth  of  electricity, 
in  the  other  to  plenty.  The  first  case  occurred  in  the 
North  of  England.  A  pitman  had  saved  some  money  and 
taken  a  public*house.  To  add  to  its  attractions  he  had 
made  a  glass  frictional  machine,  with  which  he  used  daily 
to  amuse  his  customers.  One  very  dry  summer,  however, 
the  machine  refused  to  work.  "Tam,"  the  owner  and 
maker,  tried  all  he  knew  on  it,  but  had  to  confess  himself 
beaten  until  the  dry  weather  ceased,  when  it  resumed 
operations;  and  the  man  who  related  the  story  to  the 
writer  expressed  his  opinion  that  during  very  dry  weather 
there  was  not  so  much  electricity  in  the  atmosphere,  so  to 
speak,  and  that  that  was  the  reason  *'Tam's"  machine 
would  not  act. 

A  little  consideration  will  show  that  it  was  faulty  '*  earth" 
which  was  the  cause.  It  is  well  known  that  unless  one 
side  of  a  frictional  machine  is  connected  to  "  earth " — in 
this  case  the  floor — ^it  will  only  furnish  a  small  charge,  and 
that  when  so  connected  it  will  go  on  furnishing  charge  as 
long  as  the  plate  is  revolved,  provided  the  insulation  of  the 
machine  is  periect.  In  the  early  days  of  the  science  the 
floor  represented  Mother  Earth,  which,  possessing  an  inex- 
haustible supply,  gave  it  up  as  required  ;  and  apparently 
there  would  be  no  reason  why  it  should  refuse  to  give  its 
usual  charge,  no  matter  how  dry  the  atmosphere,  unless 
the  charge  was  reaUy  taken  from  the  latter  in  some 
mysterious  manner. 

We  now  know,  of  course,  that  the  so-called  connection 
to  earth  is  merely  a  connection  to  the  other  side  of  the 
inductive  circuit,  the  other  coating  of  the  condenser,  if  you 
will,  consisting  in  this  case  of  the  film  of  moisture  upon 
the  floor,  the  walls,  etc.  Now,  during  this  very  dry 
summer  the  film  was  either  quite  absent,  or,  if  not,  it  was 
so  much  reduced  as  to  increase  the  resistance  of  the  con- 
ducting path  formed  by  it  so  much — under  the  conditions, 
say,  with  the  imperfect  contact  usually  thought  sufficient — 
as  to  practically  break  the  circuit  In  the  other  case  men- 
tioned the  travelling  correspondent  of  the  Pall  Mall  Gazette 
mentioned,  among  other  properties  of  the  atmosphere  of 
some  parts  of  Canada,  during  the  depth  of  their  very  cold 
winter,  that  it  was  very  rich  in  electricity.  You  had  only 
to  rub  your  slippers  on  the  carpet,  and  you  were  able  to 
light  the  gas  with  your  finger.  That  is  to  say,  a  spark 
passed  from  your  finger  to  the  burner,  igniting  the  gas 
when  turned  on. 

Assuming  this  to  be  correct,  of  course,  the  explanation 
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has  again  only  to  do  with  the  state  of  the  atmoephere  in 
as  far  as  its  ezcessive  dryness  renders  it  a  good  insulator. 
There  would  be  a  fairly  good  coadacting  path  between 
the  feet  of  the  operator  and  his  finger,  by  way  of  the 
moistura  exuding  from  the  pores  of  his  skin — a  much 
better  path^  at  any  rate,  than  could  be  found  anywhere 
else;  so  that  bis  charge  which  he  generated  would  have 
no  means  of  escaping  in  the  exasperating  manner  experi- 
menters with  frictional  apparatus  are  so  familiar  with — 
say,  over  the  carpet  to  the  walls  of  the  room,  and  thence 
to  the  gas  burner,  which  would  form  part  of  the  other 
coating  of  the  condenser,  of  which  his  body  formed  one. 
So  that  when  he  presented  his  finger  to  the  gas  burner,  he 
presented  a  blunt  point  in  connection  with  one  coating  of 
the  condenser  to  a  blunt  point  in  connection  with  the 
other  coating ;  hence  the  spark.  Here,  it  is  evident,  that 
faulty  earth  was  again  the  cause. 

When  using  the  electrophorus,  it  will  be  remembered, 
"  earth"  is  the  finger  of  the  ooerator.  When  charging  a 
Leyden  jar  or  other  electrical  condenser,  one  coating  is 
always  put  to  "  earth"  by  beins  connected  to  or  allowed  to 
rest  directly  on  the  table  which  supports  it.  In  both 
these  cases  the  earth  connection  is  merely,  as  before,  a  con- 
nection to  the  other  side  of  the  inductive  circuit.  With 
lightning  conductors,  "  earth"  assumes  most  varied  forms, 
from  a  tombstone  into  which  the  end  of  the  conductor  is 
leaded  or  a  bottle  resting  on  the  stone,  in  which  the  end 
of  the  conductor  is  allowed  to  repose ;  to  a  large  copper 
plate  buried  in  moist  ground,  or  in  a  pit  into  which  a  load 
of  coke  has  been  tipp^. 

Perhaps  the  most  instructive  lessons  in  this  matter  come 
from  the  use  of  "  earth"  as  a  return  conductor  in  ordinary 
electrical  engineering  work.  For  small  telegraph  or  tele- 
phone currents,  for  instance,  earth  of  comparatively  high 
resistance  ma^  be  used,  where  only  a  single  wire  is  joined 
the  same  pair  of  earth  connections ;  but  if  a  number  of 
wires  are  all  connected  to  the  same  earth  at  any  particular 
station,  unless  earth  there  is  remarkably  good,  the  path 
for  the  current  through  earth  back  to  the  battery  from 
which  it  started,  being  only  one  of  many  paths  open  to  it, 
may  not  offer  so  much  less  resistance  than  that  of  the  other 
paths  through  other  wires  to  other  earth  connections,  and 
thence  to  the  original  starting  point,  as  to  preclude  portions 
of  the  incoming  current  from  finding  their  wav  into  the 
other  wires,  and  worUng  any  apparatus  that  will  respond 
to  their  feeble  force.  In  fact,  much  of  the  cross  talk 
between  telephone  lines,  in  telephone  lines  using  "  earth  " 
returns,  is  due  to  this  cause,  and  even  indicator  discs  will  often 
drop  when  they  are  not  intended  to,  through  the  return  split 
from  some  incoming  current  not  properly  led  off  by  "earth." 

It  need  hardly  he  pointed  out  that  good  earth  depends 
upon  the  surface  of  conductor  that  is  in  contact  with  the 
conducting  medium  in  the  earth's  crusty  and  that  the  con- 
tinuance of  good  earth  depends  upon  perfect  contact  being 
maintained  between  the  conductor  and  the  conducting 
medium.  In  nearly  every  case  this  conducting  medium  is 
water  or  liauid  of  some  form  or  other  which  is  either 
present  in  a  large  body,  as  in  the  case  of  a  river  or  canal, 
or  is  held  in  suspension  among  the  grains  of  soil,  within  the 
pores  of  rock,  etc.  As  moisture  is  always  present  in  the 
soil,  even  in  the  hardest  rocks,  it  follows  that  there  must  be 
a  path  for  an  electric  current  through  that  moisture  in  every 
direction,  and  the  only  question  that  can  arise  in  the  matter 
of  earth  for  any  purpose,  is  that  of  securing  contact  with  such 
an  area  of  soil,  rock,  etc.,  as  will  embrace  enough  moisture  to 
give  a  sufficiently  low  resistance  between  the  points  the 
current  is  to  pass  across.  Agriculturists  are  familiar  with 
the  fact  that  a  sharp  frost  breaks  up  the  ground  better  than 
any  manual  labour  can  do,  and  it  is  well  known  that  this 
breaking  up  is  accomplished  by  the  expansion  of  the  water 
held  in,  or  perhaps  holding  the  soil,  in  the  act  of  freez- 
ing; the  grains  of  soil  being  freed  again  and  well 
divided  after  the  thaw  which  follows.  Electrical  engineers 
who  have  used  "earth"  for  natural  circuits  are  also 
familiar  with  the  fact  that  this  wonderful  provision  of 
nature,  so  good  for  the  former,  is  a  great  nuisance  to  them, 
as  it  often  so  increases  the  resistance  of  their  earth  circuits 
as  to  cause  their  instruments  to  cease  working,  the  increased 
resistance  being  due  to  the  difference  between  the  specific 
resistance  of  water  in  the  liquidf^and  in  the  solid  state. 


Water  is  not  always  the  only  conductor  available  for 
earth.  Coal,  for  instance,  appears  to  act  as  a  conductor  of 
high  specific  resistance,  ana  it  is  probable  that  veins  or 
pockets  of  metalliferous  ore  would  ao  the  same,  though  the 
writer  believes  no  measurements  have  been  made  of  any  of 
them.  Again,  it  is  very  doubtful  if  a  really  efficient 
"earth''  can  be  obtained  anywhere  for  a  large  electric 
lighting  or  power  current  unless  the  bed  of  a  large  stream 
be  near  both  points  between-which  the  current  is  to  pass. 
The  "  earth,"  so  called,  which  is  formed  by  the  skin  of  the 
ship,  where  the  single-wire  system  of  wiring  for  electric 
lighting  on  board  ship  is  used,  is  not  proper  "  earth."  It 
is  merely  a  large  metoUic  conductor  available  at  all  points, 
supported,  if  you  will,  by  the  water  in  which  the  ship  floats 

Again,  with  dynamo  machines  of  high  tension,  it  is  usual 
to  express  the  fact  that  the  dynamo  is  not  perfectly  insu- 
lated by  saying  it  is  middng  "  earth,"  and  this  is  quite 
correct.  Some  portion  of  the  current  generated  is  actuallj 
passing,  by  way  of  the  frame  of  the  machine,  to  the 
moisture  in  the  flooring  and  other  adjacent  objects,  and  the 
unfortunate  individual  who  receives  a  severe  shock  by  acci- 
dental contact  with  some  other  metallic  portion  of  the 
circuit  owes  the  shock  to  the  fact  that  the  dynamo  itself  is 
making  "  earth."  Perhaps  this  form  of  "  earth  "  presents 
as  interesting  a  study  as  any  one  meets  with.  "  Earth  '*  is 
really  "  earth  "  here.  It  is  performing  its  proper  fanctioa 
of  a  return  path  for  the  current.  The  lifter,  setting 
out  from  the  dynamo,  passes  along  the  wire  U) 
the  operator  who  knowingly  or  by  accident  has 
exposed  his  bare  flesh  to  a  bare  metallic  portion  of  the 
circuit,  thence  by  way  of  the  moisture  on  his  skin,  the 
moisture,  liquids,  etc.,  in  his  bod}',  to  the  moisture  on  and 
in  the  ground,  and  thence  by  way  of  the  moisture  in  the 
ground,  assisted  by  any  conductors,  such  as  gas  or  water 

f>ipes,  coal  beds,  etc.,  that  lay  in  its  path,  back  to  the 
oundation  of  the  dynamo,  and  through  the  frame  to  the  point 
of  departure.  The  current  which  passes  in  this  case  is 
very  small.  It  may  be  so  small  that  it  would  be  difficult 
for  any  of  the  instruments  used  in  practical  electrical  engi- 
neering to  record  it ;  though  if  the  operator  happens  to 
break  the  circuit,  as  some  man  in  America  did  who  tiied  to 
start  an  arc  lamp  that  had  gone  out,  the  current  will  be 
considerably  increased  by  the  E.M.F.  due  to  the  self- 
induction  of  the  coils  of  wire  on  the  dynamo. 

The  injury  done  to  the  operator  is  due  to  the  fact  that 
the  human  body  can  only  stand  a  very  small  current 
without  excessive  heat  being  produced,  or  a  dangerous 
contraction  of  certain  muscles  that  may  cause  the  cessation 
of  the  heart's  action. 

But  it  must  be  clearly  borne  in  mind  that  this  "  earth," 
which  is  of  sufficiently  low  resistance  to  seriously  injure  a 
man,  to  even  kill  a  huge  quadruped,  or  is  even  sufficient  to 
prevent  certain  apparatus  from  working,  is  not  sufficient 
to  protect  the  operator.  Connecting  the  identical  piece  of 
metal,  which  the  unfortunate  operator  touched,  to  the 
ground  on  which  he  stood  by  a  conductor  of  as  laige  pro- 

Sortions  as  you  like,  will  not  protect  him  in  the  smallest 
egree  unless  the  connection  be  so,  and  the  whole  circait 
be  so  that  the  E.M.F.  between  the  point  touched  by  the 
operator  and  the  ground  on  which  he  stands  is  brought 
below  the  danger  figure,  that  at  which  a  dangerous  current 
can  pass  through  his  body. 

The  same  remarks  apply  to  the  protection  of  telegraph 
and  telephone  instruments,  and  of  electric  light  plant, 
from  the  action  of  highly-charged  thunderclouds.  Once 
the  wire  leading  to  an  electriciu  apparatus  is  struck  by  a 
current — either  directly  from,  or  induced  by,  a  thunder- 
cloud— and  there  is  any  passage  to  earth,  as  there  inva- 
riably is,  through  the  apparatus,  there  is  only  one  way  in 
which  the  apparatus  can  be  protected  by  an  earth  connec- 
tion— viz.,  by  making  that  connection  in  such  a  manner, 
and  part  of  such  a  circuit,  that  the  E.M.F.  of  the  destruc- 
tive current  outside  the  apparatus,  is  thereby  reduced 
below  that  which  would  cause  a  dangerous  current  to  pass 
through  the  coils  of  the  apparatus  it  is  designed  to 
protect  It  must  be  remembered  that,  both  in  the  case 
of  the  man  standing  on  the  ground  touching  a  bared 
portion  of  a  high-tension  electric  light  plant,  and  in  the 
case  of  a  telegraph  or  telephone  instrument  which  it  is 
desired  to  protect  from  lightning,  the  man  and  the  coils 


THE  ELECTRICAL  ENGINEER,  OCTOBER  31,  1890.         383 


of  the  inatniment  form  derived  circuits  to  earth,  naraUel 
with  the  protecting  path  vrhere  one  exists,  and  will  take 
curreot  in  proportion  to  the  E  M.F,  present,  and  in  inverse 
proportion  to  their  resistance,  and  that  of  their  earth  con- 
nections, as  if  the  protecting  path  did  not  exist ;  just  as  a 
number  of  incandescent  lamps  will  take  current  from  a  pair 
of  cables,  between  which  an  E.M.F,  ezists,  exactly 
in  the  inverse  proportion  of  their  resistances,  and 
without  reference  to  each  other  except  in  so  far 
as  their  joint  presence  tends  to  lower  the  E.M.F. 
available  for  each.  This  same  reasoning  applies 
to  the  instances  of  side  flash  which  have  been  un- 
happily flo  frequent,  and  which  hare  led  Dr.  Lod^e  to  the 
conclusion  that  "  earth,"  if  not  actually  bad  for  a  lightning 
conductor,  is  at  best  a  doubtful  blessing.  The  side  flashes, 
it  will  be  noticed,  have  invariably  been  to  gas  brackets,  or 
to  some  conductor  connected  directly  or  indirectly  to  earth ; 
and  the  flash  itself  has  been  due  to  the  fact  that  an  E.M.F. 
existed  at  the  point  of  the  lightning  conductor  nearest  to 
the  bracket  or  other  object  to  which  it  flashed  between  it 
and  the  "  earth  "  to  which  a  path  led  by  way  of  the  object, 
and  that  this  KMF.  was  of  sufficient  magnitude  to  drive 
&  current  in  the  form  of  a  spark  across  the  intervening  air 
space,  and  through  the  object  to  "  earth."  The  problem, 
after  all,  of  protecting  buildings  from  lightning,  or  at  least 
an  important  part  of  il,  is  how  to  expend  the  energy  of  the 
thundercloud  so  that  no  dangerous  KM.F.  may  exist  in  a 
position  to  throw  sparks  to  other  conductors  leading 
to  earth,  in  which,  as  in  gas-pipes,  the  current  may 
do  serious  damage.  This  would  lead  to  the  recom- 
mendation that  all  gas  and  water  pipes,  and  all  metallic 
conductors  leading  to  earth,  directly  or  indirectly,  should 
be  connected  to  the  main  conductor,  were  it  not  for  the  fact 
that  this  plan  might  defeat  its  own  object  by  rendering  it 
certain  that  whenever  a  conductor  was  struck  a  portion  of 
the  lightning  current  would  go  by  each  of  the  paths  so 
provided,  and  that  in  its  passage  any  such  portion  might 
meet  with  some  local  resistance,  such  as  a  white-leaded  gas 
.joint,  that  would  cause  it  to  generate  sufficient  heat  to 
ignite  the  gas,  or  that  a  minute  air  space  might  be  in  its 
path,  not  of  sufficient  size  to  bar  its  progress,  bat  sufficient 
to  cause  a  spark  with  its  attendant  troubles. 

In  the  writer's  opinion  much  of  the  damage  which  is  done 
by  lightning  is  due  to  the  intense  heat  generated  by  the 
spark  or  flash,  which  often  suddenly  converts  the  moisture 
beld  in  bricks  or  stones  into  steam.  The  sudden  expansion 
of  a  body  previously  held  in  the  pores  of  a  coping  stone, 
for  instance,  into  a  vapour  1,700  times  its  original  volume, 
will  account  for  a  good  many  of  the  terrible  accidents 
recorded.  The  whole  bearing  of  "  earth  "  upon  the  problem 
of  the  safe  discharge  of  a  thundercloud,  and  of  the  beat 
method  of  protecting  buildings,  etc.,  from  the  destructive 
effects  of  l^htning,  the  writer  hopes  shortly  to  discuss  in 
another  article,  as  the  subject  is  too  wide  to  be  included  in 
the  present  one. 


RECKENZAUN'S    IHPBOVED   HETEB. 

The  features  claimed  for  this  new  Keckenzaun  meter 
illustratod  in  the  cuts  are  sensitiveness  and  an  absolutely 
accurate  measurement  of  the  electricity  consumed. 

The  device  consists  essentially  of  two  solenoids  actuating 
iron  cores,  A  and  B,  which  are  connected  with  a  lever,  L. 
This  lever  is  pivoted  at  0  upon  a  standard  and  carries  at 
ita  furthermost  end  a  friction  roller,  B,  which  is  supported 
from  the  forked  end  of  the  lever  by  means  of  two  small 
links,  P,  pivoted  at  their  upper  ends  to  the  fork  of  the 
lever  and  at  their  lower  ends  to  a  collar,  mounted  loosely 
around  a  sleeve  on  the  roller,  B.  The  object  of  this  mode 
of  suspension  is  to  allow  complete  freedom  of  motion  to 
the  roller  up  and  down  the  vertical  spindle,  S,  which  is 
connected  at  itA  upper  end  to  the  registering  or  indicating 
mechanism.  Since  the  end  of  the  lever  describes  an  arc  while 
the  path  of  the  friction  roller  is  in  a  vertical  straight  line,  this 
highly  flexible  mode  of  suspension  is  of  great  importance 
in  eliminating  friction.  The  lever,  L,  is  balanced  by  a 
counter  weight,  as  shown,  in  such  a  manner  that  the  roller, 
B,  will  just  drop  down  towards  the  centre  of  a  disc,  D, 
when  uo  current  is  passing  through  the  solenoid.    As  soon 


as  a  small  current  is  allowed  to  circulate  through  the 
solenoids  the  core  B  will  be  sucked  np  to  a  slight  degree 
corresponding  to  the  strength  of  the  ctttrenL  Core  A 
simultaneously  dropa  down  as  a  reniH  prinoipaUy  by 
gravity. 

The  highest  portion  of  the  lever  is  shown  hy  dotted  lines 
in  Fig.  1.  This  would  correspond  to  the  greatest  current 
the  instrument  is  intended  to  indicate,  and  in  this  position 
the  friction  roller  will  be  near  the  circumference  of  the 
disc,  D,  and  will  therefore  transmit  ita  greatest  velocity. 


Fio.  1. — Becbenzaan's  Improved  Meter. 

The  disc,  D,  is  revolved  at  a  constant  speed  by  the  clock- 
work shown  to  the  right  in  Fig.  1.  In  order  that  the 
roller,  fi,  may  rise  and  fall  readily  with  any  variation  of 
current,  a  portion  of  the  face  of  the  disc  is  cut  away.  Fig.  2. 
It  may  be  stated,  in  order  that  the  action  of  the  meter 
may  be  more  easily  understood,  that  the  distance  through 
which  an  iron  core  travels  within  a  solenoid  is  not  abso- 
lutely proportional  to  the  current  flowing  within  the  coil. 


Flo.  2.— ReckSDzaun'a  Improved  Hater. 

In  this  meter,  however,  it  is  quite  esaantial  that  the  radial 
displacement  of  the  roller,  K,  relatively  to  the  disc,  D, 
should  be  proportional,  because  the  consumption  of  elec- 
tricity has  to  be  recorded  by  the  velocity  with  which  roller, 
B,  revolves  and  communicates  its  motion  to  dials  similar 
to  a  gae-meter.  Thus  the  function  of  the  second  solenoid 
and  core  A  is  to  compensate  for  the  varying  attractions 
upon  B,  and  also  to  equalise  any  "  magnetic  lu  "  which 
might  be  appreciable  and  involve  slight  errors.  Bisth  sole- 
noids are  enei^sed  by  the  same  current,  and  the  tendency 
of  core  B  being  sucked  up  at  a 
greater  distance  than  that  correspond- 
ing with  the  increased  quantity  of 
current  is  counteracted  hy  the  core 
A,  whose|gravitation  eSisct  is  reduced 
simultaneously,  since  there  is  also 
here  the  natural  tendency  of  the  core 
being  held  level  with  its  solenoid. 
The  core  A  will  keep  dropping  down 
so  long  as  its  weight  is  greater  than 
the  effect  of  the  solenoid  trving  to  bold 
it  up ;  but  as  the  current  is  increased  there  will  be  a  point 
when  A  will  actually  be  held  up  by  the  solenoid,  and  all 
tension  on  its  suspension  cord  or  chain,  C,  destroyed.  After 
this  occurs  the  core  B  has  alone  to  do  the  work  of  raising 
the  lever,  and  for  this  reason  core  B  is  suspended  by  a 
rigid  rod,  G.  A  plan  of  the  meter  is  shown  in  F^.  3. — 
fFeitem  Eleetridan, 


FiQ.  3. 
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PREPARING  FOR  THE  nOHT. 

It  would  not  add  to  the  saccess  of  agitation  if  at 
all  times  the  truth  was  told.  No  doubt  the  telephone 
interests  are,  as  indicated  by  the  Financial  News, 
"preparing  an  agitation  against  the  Government 
monopoly  in  telephones,"  and  that  this  "is  being 
vigorously  worked."  The  same  authority  thinks  the 
agitation  "  ought  to  succeed."  Well,  opinions  differ 
very  considerably  upon  the  point.  We  prefer  to  add 
one  word  to  our  contemporary's  expression,  and  say 
the  agitation  "  ought  not  to  succeed."  Mr.  Glad- 
stone, when  discussing  the  McEinley  tariff  at 
Dundee,  referring  to  the  increased  effect  of  the 
tariff  upon  worsteds  of  the  poorer  sort,  spoke  of  it 
as  "  a  monstrous  injustice  to  the  mass  of  the  popula- 
tion." He  admitted  that  a  small  band  of  manu- 
facturers would  benefit,  but  it  was  at  the  expense  of 
the  general  population.  Now,  we  contend  that  any 
English  Government  is  bound  to  consider  whether 
the  giving  up  the  telephone  monopoly,  which  is 
legally  the  property  of  the  Government,  bought  and 
paid  for  by  taxation,  is  not  as  glaring  an  attempt  to 
benefit  the  few  at  the  expense  of  the  many  as  the 
McEinley  Tariff  Act  in  America.  The  &cts  of  the 
case  are  simple,  and  should  be  kept  in  the  firont  of 
the  fight.  The  Government-— that  is,  the  nation- 
thought  it  advisable  to  buy  the  telegraphic  system  of 
the  country.  Subsequently  telephony  was  developed^ 
and  telephony  has  been  legally  construed  to  be 
telegraphy  under  another  name,  and  the  nation 
having  the  monopoly  of  telegraphy  have  therefore  the 
monopoly  of  telephony. 

If  any  benefit  is  to  accrue  firom  the  general 
adoption  of  telephony  the  taxpayers  should  have  it, 
and  to  allow  the  benefit  to  go  in  any  other  direction 
"  is  a  monstrous  injustice  to  the  mass  of  the  popula- 
tion." No  Government  dares  to  fall  in  with  the 
desires  of  the  agitators.  Up  to  the  present  time  the 
Government  has  been  content  with  a  royalty.  The 
extension  of  telephony  means  increased  competition 
against  what  is  known  as  telegraphy.  Only  a  close 
examination  of  balance-sheets  would  show  whether 
the  increased  royalty  for  telephony  was  the  equiva- 
lent to  the  decreased  receipts  firom  telegraphy.  One 
point  must  not  be  forgotten,  and  it  is  one  most 
firequently  left  out  by  those  who  do  not  want  people 
to  know  the  true  facts.  The  argument  is  often  used 
that  telegraphy  has  increased,  although  telephony 
has  come  into  vogue.  The  question  is  not  has  it 
increased,  but  has  it  increased  to  the  same  extent  as 
it  would  have  increased  if  there  had  been  no  com- 
petition ?  By  whatever  amount  the  receipts  have 
been  decreased  by  compeitition,  that  amount  the 
nation  has  lost  unless  it  is  made  up  by  the  royalties 
received.  Even  if  the  royalties  recoup  thelbs^iij 
still  the  nation  is  the  loser  by  the  profits  obtained  in 
telephonic  work  after  deducting  the  royalties. 

Our  readers  must  not  be  mistaken.    We  care  asj 
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COLCHESTER. 


Last  week  an  installation  on  the  premises  of  Messrs. 
Evatt  Sanders  and  Son^  at  Colchester,  was  started  by  Lady 
Brooke.  The  installation  has  been  carried  out  by  Messrs. 
Christy,  Son,  and  Norris,  of  Chelmsford. 

The  plant  is  an  interesting  one  in  several  ways.  The 
dynamo  is  driven  by  an  Otto  gas  engine  of  7  h.p.,  which  is 
also  used  for  other  work.  The  engine  is  fitted  with  the 
electric  light  governor  and  tube  ignition. 

The  dynamo  is  wound  for  66  amperes  and  125  volts,  and 
fitted  with  a  heavy  disc  flvwheel. 

The  switchboard  iis  ox  a  very  ornamental  character, 
is  fitted  with  two  ammeters ;  voltmeter  (gravity,  ( 
Evershed's) ;  and  double  five-way  switch ;  automatic 
switch  (Electric  Construction  Corporation) ;  starting  switch, 
and  the  switches  and  cut-outs  for  four  main  distribution 
circuits.  The  whole  being  mounted  on  polished  mahogany 
board,  3ft  Gin.  by  2ft.  6in.     All  connections  at  back. 

The  starting  switch  was  specially  designed  for  this  plant, 
and  answers  admirably.  The  dynamo  starts  the  gas 
engine  in  10  or  12  seconds,  the  maximum  current  being 
36  amperes,  diminishing  to  30. 

It  is  a  two-way  switch,  coupled  in  such  a  way  that  in  one 
position,  while  charging,  the  resistance  is  short-circuited, 
and  the  shunt  circuit  (magnets)  passes  through  it  and 
receives  lull  P.D.  of  brushes.  When  the  plant  is  standing 
and  automatic  switch  open,  reversing  the  switch  puts  full 
P.D.  of  cells  to  magnets  and  the  armature  current  passes 
through  resistance  coil. 

The  engine-room  has  oak  panelling  all  round,  with  plate 
glass  above.  On  three  sides  it  is  filled  in  with  very  pretty 
ules. 

There  are  64  23L  glass  cells  arranged  in  two  tiers  in  a 
well-ventilated  room  with  a  simple  traveller  arrangement 
overhead.  They  are  always  in  circuit,  as  the  supply  is 
constant,  the  dynamo  working  in  parallel  during  the 
evening. 

One  of  the  four  circuits  supplies  the  wholesale  establish- 
ment with  36  lights.  The  second  supplies  a  3^h.p.  motor, 
and  four  lights  in  the  stables  170  yards  distant  (the  motor 
cuts  chaff  and  crushes  oats),  also  13  lights  to  Mr.  Hop  wood, 
jeweller. 

The  third  circuit  supplies  the  St  Runwald's  Club  with 
40  lights,  and  the  fourth  supplies  46  lights  in  the  retail 
shop  100  yards  distant  In  this  shop  are  also  a  1,200-c.p. 
arc  lamp  and  a  ^h.p.  motor  fitted  upon  a  stand  in  connec- 
tion with  a  coffee  mill  for  grinding  coffee  in  the  window. 

After  the  opening  ceremony.  Lord  Brooke,  replying  to 
the  vote  of  thanks  to  Lady  Brooke,  and  himself,  said  that 
recently,  while  staying;  at  a  small  fishing  village  in  Sweden, 
he  found  the  village  hghted  entirely  by  electricity,  and  he 
hoped  it  would  soon  be  more  extensively  used  in  England. 


AN  BLBCTRIC  TRAMWAY  IN  BREMEN.'' 


The  opening  of  an  electric  tramway  meant  for  serious 
work  in  a  big  town  is  not  an  everyday  thing.  On  this  side 
of  the  Atlantic,  tramway  companies  have  been  somewhat 
slow  to  find  out  that  increasea  profit  could  be  derived  by 
substituting  electric  power  for  horse  power. 

It  is  the  more  important,  therefore,  when  a  large 
town  energetically  tackles  the  problem  and  makes  a  start, 
and  it  becomes  doubly  interesting  if  such  a  town  adopts  a 
system  which  is  working  successfully  in  America,  but  here 
is  condemned  as  unsuitable  for  large  towns  with  heavy 
trafBc.  Every  tramway  director,  whether  he  serves  muni- 
cipal authorities  or  private  companies,  is  bound  to  watch 
with  the  keenest  interest  any  step  taken  by  others  in  this 
matter,  and  one  successfully  established  and  working  line 
will  draw  ten  others  after  it 

It  is  the  rival  of  Hamburg,  the  growing  town  of  Bremen, 
in  Hanover,  which  has  the  fionour  of  having  made  such  a 
start,  and  the  system  it  has  adopted  is  that  of  the  Thomson- 
Houston  Company,  as  is  now  developed  under  the  patents 
of  Van  de  Poele  and  Bentley-Knight. 

*  From  the  JRtmdachan. 


The  line  on  which  thousands  of  passengers  are  daily 
carried  goes  through  the  most  crowded  thoroughfares  of  the 
city,  and  is  about  two  kilometres  long.  The  curreot  is 
taken  from  an  overhead  conductor  to  tne  car,'  and  returns 
to  the  generating  station  through  the  rails.  The  voltage 
used  is  500  volts.  All  the  cars  are  thus  in  parallel  on  a 
500- volt  circuit.  The  overhead  conductor  consists  of  two 
bronse  wires,  carried  at  a  height  of  six  metres  over  the 
middle  of  the  rails.  Along  the  sides  of  the  streets  high 
cast-iron  posts  are  placed  for  street  lighting  purposes,  and 
from  these  the  conductors  are  supported  and  kept  properly 
taut  by  mean  of  iron  wires. 

Where  branches  reach  the  main  line  the  shunt  conductors 
are  connected  to  the  mains  by  means  of  bronze  connecting 
pieces. 

Over  the  conductors  is  suspended  a  net  of  iron  wire  so  as 
to  prevent  falling  telephone  wires  coming  into  contact 
with  the  conductors.  This  double  set  of  network  is,  of 
course,  no  embellishment  to  the  streets,  but  people  seen 
not  to  take  any  notice  of  it  after  a  few  days. 

The  current  is  brought  to  the  car  through  a  long 
jointed  rod  resting  on  the  front  part  of  the  carriage  rooL 
The  rod  carries  at  its  top  end  a  bronze  wheel,  which 
makes  the  contact.  As  might  be  expected,  the  rolling 
contact  at  top  and  bottom  of  the  car  through  the  rod 
wheel  and  the  running  wheels  of  the  car  gives  rise  to 
considerable  sparking,  which  is  visible  even  in  the  day  time, 
and  the  current  in  leaping  across  causes  a  whistling  note, 
the  pitch  of  which  increases  with  the  speed.  Meanwhile, 
this  seiems  not  to  be  any  great  drawback,  and  the  public  are 
very  pleased  with  the  precision  of  the  traffic  and  the  exact- 
ness with  which  the  driver  can  control  the  car.  The  speed 
is  governed  by  means  of  resistances,  and  the  celerity 
with  which  a  fully-loaded  car — weighing  about  6,500  kg.— 
can  be  stopped,  even  when  going  at  full  speed,  is  remark- 
able. 

This  gives  two  adv^intages :  Firstly,  the  cars  can  be  run 
very  closely  upon  each  other  when  the  traffic  requires  it 
without  risk  of  collision,  should  the  one  in  front  stop  with- 
out giving  notice.  Secondly,  the  cars  can  stop  immedi- 
ately any  passenger  gives  a  sign,  which  in  wet  weather  and 
dirty  wallang  is  a  great  convenience  to  the  public. 

The  carriages  are  lighted  electrically  by  a  shunt  current 

Altogether  the  enterprise  has  up  to  the  present  given 
great  satisfaction. 


THE  WESTIN6H0USE  ELECTRIC  RAILWAY  MOTOR. 


Ever  since  the  Westinghouse  Electric  and  Manufacturing 
Company  made  the  announcement  of  its  intention  to 
commence  the  manufacture  of  electric  street  car  motors, 
those  directly  concerned  in  the  progress  of  electrical  achieve- 
ments have  been  interested  in  the  apparatus  brought  out  by 
the  company.  From  the  accompanying  cut.  Fig.  1,  it  is  at 
once  discernible  that  the  motor  employed  by  the  company 
is  of  solid  mechanical  construction,  which  is  of  especial 
importance  in  a  street  car  motor  on  account  of  the  unusual 
wear  and  tear  to  which  it  is  constantly  subjected.  Other- 
wise the  motor  does  not  seem  to  have  any  radically  new 
features  3  in  fact,  one  is  inclined  to  assume  that  the 
company's  intention  was  not  principally  to  manufacture  a 
motor  totally  different  from  those  already  in  use,  bat 
rather  to  design  an  apparatus  the  chief  characteristica  of 
which  should  be  simplicity,  strength,  and,  above  all, 
durability. 

The  motor  is  series  wound,  etc.,  and  designed  for  a 
constant-potential  600-volt  direct  current  circuit  Armature 
and  fields  are  in  series  with  a  set  of  "diverter"  coils, 
which  are  used  when  the  cars  start,  and  also  to  vary  the 
speed.  For  its  foundation  the  motor  has  a  continuous  iron 
frame,  upon  which  all  the  bearings  are  placed ;  in  fact,  its 
chief  object  is  to  hold  all  the  mechanical  parts  of  the  motor 
together  and  keep  them  in  the  same  position  in  which  they 
were  arranged  when  the  motor  was  put  together  in  the 
company's  works. 

The  field  magnets  are  supported  by  this  frame,  and  they 
are  constructed  upon  hinges  in  such  a  manner  that  an 
armature  may  be  taken  out  and  a  new  one  substituted  in  a 
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liceiuo,  I  am  directed  by  the  Board  of  Trade  to  traHHinit  to  jou 
tbo  endoted  copy  of  Major  Cardew's  report  of  hk  recent  inapec- 
tion  of  the  electric  lighting  installation  at  Bath. 

With  regard  to  the  suggestion  made  in  the  final  paragraph  of 
your  letter,  I  am  to  inform  you  that  the  Board  of  Trade  would 
not  be  prepnred  to  iiiBert  clause  64  of  the  deposited  draft  license 
in  the  Ucenae  when  made,  na  they  are  advised  that  its  insertion 
would  create  much  confusion  and  would  render  the  hcense 
unworkable. 

The  Board  of  Trade  would  be  willing,  however,  t^i  consider 
the  expediency  of  inserting  a  provision  enabling  the  local  autho- 
rity to  purchaae  the  plant  at  the  expiration  of  the  Uoense,  if  the 
license  were  not  renewed ;  and  I  am  to  forward,  for  your  obser- 
vations, a  clause  drawn  for  the  purpose  of  giving  effect  to  this 
propoeoL 

Bath  Electtbic  Liohunci  License. 

Board  of  Trade. 

Sir, — With  reference  to  your  letter  of  the  17th  instant  on  the 
■nbjeot  of  the  above-mentioned  license,  su^esting  certain 
amendmenU  in  the  clause  relating  to  the  purchase  of  the 
undertaking  by  the  IocaI  authority,  I  am  directed  by  the  Board 
of  Trade  to  inform  you  that  they  are  prepared  to  consider  the 
expediency  of  inserting  a  clause  in  the  terms  of  the  accompany- 
ing draft,  but  that  they  cannot  consent  to  the  omission  of  the 
proriso  at  tbe  end  of  tJie  clause. 

I  am  to  add  that  a  renewal  of  the  license  would  not  be  effected 
until  the  local  authority  had  had  an  opportunity  of  expressing 

I  am  at  the  same  time  to  return  herewith  the  letter  from  this 
department  of  the  ISth  inst.,  which  was  enclosed  in  your  letter 
of  the  17th  inst. 


Pdkohasb  or  Plant, 


I  LocAi.  AcTHOBrrr. 


65a.  The  local  authority,  if  they  think  fit,  may  by  notice  in 
writing  to  be  given  not  more  than  12  months  nor  le«s  than  six 
months  before  the  expiration  of  the  term  of  this  license,  require 
the  undertaker  to  sell,  and  thereupon  the  undertaker  shall  sell 
to  them  all  land,  buildings,  works,  material,  and  plant  suitable 
to  and  used  by  him  for  the  purposes  of  the  undertaking,  or  such 
of  the  same  as  shall  be  specified  in  the  notice,  at  a  price  to  be 
det«m)ined,  in  default  of  aKreement,  by  arbitration,  and  from 
and  after  tbe  expiration  of  the  said  term  of  a  subeeiquBnt  date 
to  be  fixed  in  like  manner  the  said  land,  buildings,  works, 
material,  and  plant  so  purchased  shall  vest  in  the  local  autho- 
rity freed  from  any  debts,  mortgages,  or  similar  obligations  of 
the  undertaker  or  attaching  to  the  undertaking  ;  provided  that 
the  laid  notice  shall  not  have  effect  if  this  license  is  renewed  by 
the  Board  of  Trade. 


ON    THE   AIR    CONDENSERS    OF    THE    BRITISH 
ASSOCIATION.* 

BY  B.   T.    OLAZEBBOOK.  ' 

( With  a  STolt  by  Dk.  A.  Moibbbad). 

The  qnestioD  of  issnine  certificates  of  capacity  bee  from  time  to 
time  been  discussed  by  the  committee.  Tbe  following  paper  gives 
an  account  of  some  experiments  that  have  been  in  progress  during 
tbe  past  two  yean  with  this  object  in  view  : 

In  tbe  report  for  16ST  tbe  committee  express  the  opinion  that  it 
ia  desirable  to  proceed  with  the  construction  of  an  air  condenser. 
In  conformity  with  this  opinion  a  meeting  was  held  in  London,  at 
which  Ur.  A.  Muirheod  exhibited  an  air  condenser  consisting  of  a 
series  of  ooncentric  brass  cylinders  insnlat^d  by  glass  rods,  which 
appeared  to  the  committee  to  possess  great  merits  ;  and  it  was 
decided  that  the  secretary  should  teet  this  and  two  similar  con- 
densers which  Dr.  Muirheod  offered  to  lend,  before  proceeding 
further  with  the  construction  of  condensers  for  the  association. 
The  tests  were  carried  out  with  satisfactory  results. 

The  capacity  of   each   condenser   was  determined  repeatedly, 

.neing  the  method  of   a  vibrating   commnUtor,  du^  to  Maxwell, 

already  employed   by  J.   J.   Thomson,   PhU.    Tram.,   1883,  and 

Glazebrook,  Phil.  Uag.,  August,  1884.     The  values  found  were 

Ci  =  -O03O5U  microfarads. 

Ci  =  -0031268 

It  was  found  that  the  capacities  remain  constant  from  day  to 
day,  and  that  the  aocaracy  of  a  single  determination  was  about 
1  in  1,000,  allhougb  tbe  capacity  to  be  measured  was  so  small. 

A  mica  condenser  belonging  to  the  Cavendish  Laboratory  was 
compared  with  these— details  of  the  method  will  bo  given 
shortly— and  it  was  found  that  when  comparing  a  condenser  of 
one  microfarad  with  the  three  air  condensers  combined,  having 
thus  a  capacity  of  -009506  microfarads,  so  that  the  ratio  of  the  two 
was  about  100  to  1,  an  accuracy  of  about  1  in  1,000  wag  attained. 
It  was  also  shown  that  the  capacity  of  the  mica  condensers  as  thus 
found,  differed  by  nearly  2  per  cent,  from  iU  value  as  determined 
by  the  rapid  commutator,  thus  proving  that  the  commutator 
noethod  was  unsaibable  for  e.  condenser  showing  absorption. 

othe 


Urns    for  three  mica  condensers  the  following   values  were 

With  commutator.  By  slow  method  of  comparison. 

-9690      -9868 

■4834       ■4i»4 

■09543     ■09M4 

These  T«Balts  make  the  necessity  for  an  air  standard  all  the  more 
apparent.  A  report  on  the  eipenmento  made  up  to  that  date  was 
laid  before  the  committee  at  a  meeting  in  London  in  April,  1889, 
It  was  then  decided  to  adopt  Dr.  Muirhead's  form  of  condenser, 
and  to  have  two  made  on  the  same  pattern  for  the  association. 
These  have  been  oonstrncted  by  the  Cambridge  Scientific  Instru- 
ment Company,  following  Dr.  Mulrbrad's  plan,  but  on  an  enUrged 
scale.  Each  has  a  capacity  of  about  -02  microfarads,  or  about  six 
times  that  of  one  of  the  original  condensere. 


Fio.  1. 

Fig.  1  shows  the  arrangement.  The  ccndensers  oonsist  of  24 
concentric  tubea.  The  outer  tube  is  about  2tt.  9in.  high  and  6in. 
in  dicuneter.  Each  succeeding  tube  dimirisbes  in  diameter  by  Jin. 
Tbe  tubes  are  about  Vrnd  of  an  inch  in  thickness,  and  the  sir 
space  between  the  inside  of  one  tube  and  the  outside  of  tbe  next  is 
aDOnt  ^]Qd  of  an  inch,  but  it  was  found  impoeaible  to  get  all  the 
tubes  of  exactly  the  eaifie  thickness,  so  that  in  some  cases  the 
distancebetween  the  tubes  is  less  than  the  above.  The  tubes  are 
carried  hy  two  conical  brass  castings.  The  outside  surface  of  each 
castinK  formsa  seriee  of  12  steps,  over  which  tbe  sucoeesive  tubea 
fit.  Bach  tube  ia  held  in  position  by  screws.  The  upper  cone  is 
supported  by  the  outside  casing  of  the  condenser,  and  12  of  the 
tubes  hang  vertically  from  it.  The  lower  cone  is  carried  by  three 
ebonite  pillars,  about  3tn.  in  height;  tbe  12  tubes  which  are 
attached  to  it  come  reepectively  between  those  which  ore  sus- 
pended from  the  upper  cone.  Thus  the  insulation  depends  on 
the  ebonite  pillars,  assuming  there  is  no  leakage  across  the  air 
from  the  edges  of  the  tubea.  There  is  an  opening  in  the  outer 
casing,  closed  by  a  door,  by  means  of  which  the  ebonite  can  tie 
cleaned ;  the  whole  is  dried  by  placing  inside  a  small  vessel  of 
sulphuric  acid.  In  the  centre  of  the  upper  coue  there  is  a  hole 
through  which  a  rod  passes.  The  rod  is  connected  with  the  lower 
cone,  and  forms  the  electrode  for  tbe  insulated  cyUnders.  An 
ebonite  plug,  fitting  tightly  round  the  rod,  can  he  pushed  down  so 
as  to  close  tbii  hole  and  prevent  the  ingress  of  dost  when  Ae  con- 
densers are  not  in  use ;  when  they  are  being  used  the  plug  ts 
removed. 
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The  oondeDaen  are  pUoed  in  the  teefcine-room  at  tbe  Gavendisb 
Laboratory  and  covered  bv  a  wood  and  canvae  case  to  protect 
them  from  dust.    It  is  not  mtended  that  thoy  should  be  movable. 

After  this  description  of  the  condensers  we  will  proceed  to  an 
account  of  the  tests  to  which  they  have  been  subject.  The  first 
test  was  for  leakage. 

One  set  of  cvlinders  was  put  to  the  earth  while  the  other  was 
connected  witn  a  gold  leaf  electroscope.  An  attempt  was  then 
made  to  charge  them  with  an  electrophorous  or  a  small  electrical 
machine,  but  this  failed  entirely.  The  electricity  either  sparked 
across  at  places  where  the  tubes  were  very  dose  together,  or 
before  the  potential  rose  sufficiently  to  aneot  the  electroscope 
small  fibres  or  dust  particles  which  adhered  to  the  tubes  formed 
leaks  across ;  it  was  clear  that  the  condenser  could  not  be  charged 
to  the  potential  of  the  machine.  Tests  were  then  applied  for 
leakage  when  the  potential  was  lower.  One  set  of  tubes  were 
connected  to  one  pole  of  a  battery — about  36  storage  cells  were 
generally  employed,  having  an  E.M.F.  of  75  volts — ^the  other  set 
being  in  connection  with  an  insulated  key,  the  second  pole  of  the 
battery  was  connected  through  a  galvanometer  to  the  key  and  the 
condenser  charged.  After  an  interval,  usually  about  five  minutes, 
contact  was  again  made  at  the  kev,  the  deflection  of  the  galvano- 
meter needle— assuming  the  E.M.F.  of  the  battery  not  to  have 
changed — was  a  measure  of  the  quantity  of  electricity  which  had 
leakM  from  the  condensers  in  five  minutee. 

The  amount  of  leakage  was  verv  different  in  the  two  condensers, 
and  depended  greatly  on  the  dryness  of  the  air  and  ebonite 
pillars.  Thus,  on  March  11,  when  strong  acid  had  been  enclosed 
for  some  time  for  condenser  I.,  the  leak  per  one  minute  amounted 
to  about  '1  per  cent,  of  the  whole  charge,  while  with  condenser  II. 
it  was  about  10  times  as  great. 

The  sulphuric  acid  was  removed  during  the  Easter  vacation  and 
replaced  by  calcium  chloride,  and  after  this  the  leak  in  I.  rose  to 
about  1  per  cent,  per  minute  or  10  times  its  former  value,  while 
that  in  II.  was  from  3  to  4  per  cent,  of  the  chaive.  With  the  cal- 
cium chloride  inside,  the  leak  was  never  reduced  to  less  than  about 
*8  per  cent,  per  minute.  In  August,  the  condensers  having  been 
closed  since  June,  with  calcium  chloride  there  was  a  leak  in  I.  of 
about  3  per  cent,  per  minute,  while  in  the  same  time  n.  lost  about 
8  percent,  of  its  cnarge. 


Fio.  2. 

On  August  14,  immediately  after  this  test,  the  calcium  chloride 
was  replaced  by  sulphuric  acid,  and  the  leak  was  quickly  reduced 
to  about  1  per  cent,  per  minute  for  I.  For  IL  no  improvement 
showed  itself  at  once.  The  next  day  the  leak  in  I.  was  about  *4 
uer  cent,  per  minute,  that  in  II.  had  not  been  greatly  reduced. 
On  August  16th  the  ebonite  was,  therefore,  well  deaned,  and  air 
was  blown  throueh  the  tubes  of  II.,  and  Xhe  whole  closed  for  about 
two  hours ;  the  leak  had  then  fallen  to  about  2  per  cent,  per 
minute.  By  August  18th  the  leaks  were  still  more  reduced,  that 
in  I.  being  -2  per  cent,  per  minute,  while  that  in  II.  was  '6  per 
cent,  per  minute. 

B^  the  afternoon  of  this  day  the  upper  parts  of  the  condensers 
having  been  open  to  the  air  of  the  laboratory  for  some  six  hours 
during  other  tests,  the  leaks  had  appreciably  increased,  but  they 
had  fallen  again  the  next  day  when  the  condensers  were  left  closed 
during  the  night. 

Thus,  during  the  observations  in  August,  with  the  exception  of 
those  on  August  14th,  the  condenser  I.  was  losing  its  charge  at 
the  rate  of  about  ^J^^th  part  per  1  minute/  while  ttie  leakage  in 
n.  was  some  five  or  six  tmies  as  great,  being  about  i^th  part  of 
the  charge  per  1  minute. 

As  will  ^  seen  later,  several  mica  condensers  were  compared 
with  I.  and  11.,  the  leaks  in  them  were  all  small,  and  did  not 
exceed  more  than  virth  per  minute. 

We  come  now  to  the  exjperiments  for  determining  the  capacities 
of  the  two  condensers.  Of  these,  three  independent  series  were 
made— viz.,  in  December,  1889,  May  and  June,  1890,  and  August, 

loVU. 

The  method  already  referred  to  was  used  Fig.  2  gives  a 
diagram  of  the  method  ;  in  Fig.  3,  the  connections  actually 
employed  are  shown.  With  the  notation  employed,  PhU.  Mag,, 
August,  1884.  y   J     '  "V » 

We  have,  if  C  be  the  capacity  of  the  condenser,  n  the  number 
of  times  it  is  charged  per  1  second. 


nC 


{'- 


cd 


t \ 

(a  +  e  +  g)  {a  +  h  +  d)J 


d  (o  -f  c  + 


^ 


In  most  of  the  experiments  about  to  be  described  we  had  the 
following  values : 

a=10  d^  1,000 

6=18  flf= 17,600 

n  legal  ohms,  while  c,  which  was  the  adjustable  arm,  varied  from 
6,000  to  15,000. 

With  these  values,  the  only  correction  which  need  be  included  u 
the  last  factor  in  the  denominator,  and  we  may  write 


nC= 


T 


ed  I   1  + 


d  {a 


The  resistances  were  taken  from  a  legal  ohm-box  belonging  to 
Ihe  laboratory.    The  various  coils  in  this   box  were  carerolly 
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compared  with  each  other  by  Mr.  Searle,  and  found  to  be  consistent 
with  each  other,  at  any  rate,  to  within  1  in  10,000.  The  coils  were 
also  compared  with  the  standards  of  the  association,  and  it  was 
found  that  at  16deg*  they  were  greater  than  legal  ohms  in  the  ratio 
of  l-OOll  to  1.  The  standard  temperature  adopted  in  the  experi- 
ments was  ndeg.,  and  since  the  coefficient  of  increase  of  resistance 
of  the  box  is  about  *0003  per  Ideg.  C,  the  resistances  require  to 
be  multiplied  by  1*0014  to  rednoe  them  to  leffal  ohms.  In  eome 
cases,  in  the  value  of  c,  coils  from  a  B.A.  unit-Dox,  containing  coils 
of  10,  20,  30,  and  40  thousand,  B.A.  units  were  employed. 

The  values  found  for  these  coils  by  myself  in  terms  of  the  legal 
ohm-box  showed  that  they  were  very  consistent  with  each  other, 
and  that  the  nominal  10,000  B.  A.U.  was  equal  to  9,880  legal  ohms 
as  measured  by  the  legal  ohm-box. 

In  the  comparisons  of  two  condensers  certain  coils  from  a 
megohm-box  were  used  ;  the  value  of  each  of  tiiese  was  also  deter- 
mined.   They  were  as  follows : 

1    98,731    Legal  ohms  of  standard  box. 

2    98,625  „  „ 

3    98,698  „  „ 

4    98,735  H  M 

9    98,725 

10    98,776  „  „ 

In  the  experiments  on  Dr.  Muirhead's  condensers,  the  vibrating 
commutator  described  in  Prof.  Thomson's  paper,  FhU.  Tmiu., 
1883,  or  in  my  paper,  PhU,  Mag.,  1884,  was  used,  and  that  with 
complete  success.  In  the  experiments  about  to  be  described,  this 
was  replaced  by  a  rotating  commutator  which  had  been  fitted  up 
by  Prof.  Thomson  and  Mr.  Searle  for  their  experiments  on  the 
other  value  of  v,  and  which  possesses  certain  advantages  over  the 
other  form.    Dr.  Muirheaa  and  Dr.  Fleming  have  also  osed  a 
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somewhat  similar  arrangement  of  apparatus.  Fig.  4  shows  tb« 
arrangement.  The  split  ring  commutator  is  carrira  on  the  axle, 
H  K,  which  is  driven  oy  a  water  motor.  Two  wire  springs,  Q  B, 
are  in  contact  with  the  two  halves  of  the  commutator  respectively, 
and  as  it  rotates  the  brush,  P,  made  of  very  fine  brass  wire,  is 
brought  into  communication  alternately  with  Q  and  R.  The  disc, 
L  M,  was  of  iron,  and  its  mass  helped  to  steady  the  motion.  Oq 
one  face  of  the  disc  a  series  ot  circles  was  drawn  forming  a 
number  of  annuli.  The  successive  annuli  were  divided  each  into 
a  different  number  of  divisions  by  radial  marks.  Thus  in  tbe 
innermost  annulus  there  were  four,  on  the  next  five,  and  so  oo. 
llie  diBo,  as  it  rotated,  v«b  watched  In  tbe  nsual  etrobosoopifi 
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Sarely  figures  of  this  kind  must  appeal  to  those  shareholders 
who  have  subscribed  this  large  amount  of  capital,  and  who  would, 
immediately  their  tramways  were  worked  electrically,  earn  this 
extra  dividend ;  and  if  tramway  directors  are  slow  of  themselves 
in  adopting  this  successful  and  economical  method  of  propelling 
their  tramcars,  it  should  be  the  duty  of  the  shareholders  in  their 
own  interests  to  stimulate  them  to  its  adoption. 

There  are,  roughly,  three  methods  in  which  electric  tramways 
may  be  operated  electrically  :  1.  With  conductors  supported 
overhead  on  poles  or  wires,  as  with  the  line  in  the  exhibition.  2. 
Conductors  laid  under  the  road  surface  in  a  conduit.  3.  Without 
conductors  at  all,  the  energy  being  derived  from  accumulators 
carried  within  the  car  itself. 

The  first  two  systems  derive  their  energy  at  all  points  of  the  line 
from  a  generating  station  containing  the  boilers,  engines,  and 
dynamos,  or,  if  there  should  be  water  power  in  the  neighbour- 
hood of  the  tramway,  from  turbines  and  dynamos,  and  these  must 
be  kept  constantly  running  as  long  as  the  tramcars  are  in  motion. 
In  the  third  method  there  is  a  generating  station  as  before,  but 
the  current  generated  therein,  instead  of  being  conveyed  direct  to 
the  cars  by  conductors  radiating  from  the  station,  it  is  utilised  for 
the  chargmg  of  batteries  of  accumulators  which  are  carried  by  the 
cars ;  and  the  cars,  therefore,  are  not  dependent  for  their  motion 
upon  the  continuous  running  of  the  machinery  in  the  generating 
station.  This,  coupled  with  the  fact  that  the  cars  can  run  on  anv 
line  without  alteration  to  the  track — assuming  it  is  strong  enough 
to  bear  the  weight— constitutes  the  advantage  of  this  system, 
which,  however,  cannot  at  all  compare  in  cost  of  maintenance  with 
the  direct  conductor  method,  and,  therefore,  wiU  not  be  dealt  with 
in  this  paper. 

The  first  method  with  conductors  suspended  overhead  is  the 
method  adopted  by  an  overwhelming  large  percentage  of  the  elec- 
trical tramways  in  existence.  A  bare  conductor  of  siUcium  bronze 
is  suspended  overhead,  either  directly  from  a  bracket  attached  to 
a  poAt,  if  the  track  runs  by  the  side  of  the  road,  or  from  a  cross 
suspension  wire  stretched  between  two  posts  on  either  side  of  the 
road  if  the  track  runs  in  the  centre  of  the  road.  This  conductor 
of  silicium  bronxe  is  insulated  from  the  bracket,  or  from  the  cross 
suspension  wire,  by  means  of  an  insulator  composed  almost  entirely 
of  mica,  and  much  stronger  and  better  adapted  for  the  work  than 
an  ordinary  porcelain  insulator. 

l%e  size  of  this  bare  conductor,  or  trolley  wire,  as  it  is  more 
usually  termed,  may  be  any  size  from  No.  6  to  Na  2  S.  W.G. ;  and 
if  the  length  of  the  tramway  and  the  number  of  cars  running 
upon  it  is  sudi  that  the  conductivity  of  the  larger  size  wire 
would  be  too  small,  another  insulated  cable  is  run  along  the  posts 
supporting  the  brackets  or  suspension  wires,  and  tapp«l  at  inter- 
vals into  the  bare  conductor  or  trolley  wire  to  reauoe  its  total 
resistance. 

Where  turn-outs  or  crossings  occur,  points  and  crossings — of 
much  the  same  description  as  those  used  on  the  tramway  lines 
underneath — ^are  provided,  but,  of  course,  are  inverted. 

The  current  is  collected  from  the  trolley  wire  by  means  of  a  long, 
light,  and  strong  swivelling  arm  mounted  on  the  car  roof,  at  the 
end  of  which  is  either  a  small  wheel  or  a  sliding  shoe.  The  wheel 
or  shoe  is  kept  pressed  against  the  bare  conductor  overhead  bv  a 
spring  or  weight  at  the  oUier  end  of  the  swivelling  arm,  and  this 
method  of  maintaining^  contact  with  the  overhead  conductor 
leaves  nothing  to  be  desired  in  practice.  It  matters  hardly  at  all 
how  rough  the  track  ma^  be,  the  collecting  shoe  remains  pressed 
against  Sie  conductor  with  a  pertinacity  that  is  quite  phenomenal, 
and  it  hardly  ever  leaves  the  trolley  wve. 

Ilie  silicium  bronze  trolley  wiro  being  of  a  very  hard  nature, 
and  the  rubbing  surface  of  the  contact  shoe  or  contact  wheel  being 
Soft,  the  trolley  wiro  itself  hardly  wears  at  all,  all  the  wear  being 
On  the  sliding  shoe  or  wheel,  and  these  are  provided  with  ronew- 
ablo  tyres,  ^ich  cost  but  little,  and,  indeed,  the  total  cost  of  the 
wear  and  tear  between  an  overhead  conductor  and  the  sliding  shoe 
or  wheel  is  so  little  that  it  is  hardly  oalculatable  per  car  mile 
run. 

The  city  of  Boston  is  supposed  to  be  one  of  the  finest  arohitec- 
tunJly  in  the  United  States,  and  at  the  present  moment  the  whole 
of  the  tramways  of  the  city  of  Boston— one  of  the  largest  tramwav 
systems  in  any  one  town  of  the  world — is  being  fitted  up  with 
overhead  conductors.  Suroly,  if  there  is  no  objection  in  a  large 
city  like  this  to  the  use  of  overhead  conductors  under  these  condi- 
tions, in  this  country  there  must  be  numerous  opportunities,  at 
least  in  smaller  towns  and  country  Imes,  for  utilising  the  same 
simple  and  efficient  method  of  conducting  the  current  to  electric 
tramcars. 

No  doubt  it  requires  but  the  introduction  of  a  few  such  lines 
BubstantiflJly  erected  to  overcome  the  prejudice  of  local  authorities 
lo  the  use  ox  overhead  conductors. 

In  the  larger  towns,  however,  there  is  no  likelihood  of  the 
authorities  ever  permitting  the  use  of  overhead  conductors,  and 
then  the  choice  is  limited  to  the  use  of  either  the  accumulator 
system  or  the  second  method  mentioned — viz.,  conductors  laid 
under  the  road  surface.  We  do  not  believe  that  with  the  present 
large  depreciation  upon  accumulator  cells  this  method  will  find 
favour  with  most  tramway  conductors,  and  that,  therefore,  the 
underground  system  is  destined  to  be  that  ultimately  used  in  our 
larger  cities. 

Of  late  there  have  been  advocated  several  sjrstems  in  which  a 
closed  condait  is  used  containing  a  conductor  insulated  from  .the 
earth  and  brought  temporarily  into  contact  with  a  surface  rail 
divided  into  sections,  as  the  car  passes  over  these  sections.  This 
plan  has  not,  however,  been  yet  brought  into  operation  on  any 
practical  scale,  and  we  believe  that  although  such  a  system  might 
ne  made  to  work  on  a  small  scale  under  favourable  conditions,  it 
is  improbf^bl^  thftt  with  the  very  unf^^vourf^l^  9l9Qtnc$bl  oor|ditioi)8 


of  an  ordinary  road,  this  system  could  be  relied  upoo  for  ooostant 
satisfactory  working. 

In  the  other  or  open  conduit  system  two  methods  of  oonstrnoting 
the  conduit  itself,  as  apju't  from  the  electrical  fittin^^s  it  contains, 
may  be  used.  The  first  consists  of  building  a  conduit  between  the 
two  track  rails  and  having  upon  the  surface  of  the  road  a  slot 
formed  by  two  rails  laid  fiush  with  the  pavement,  and  introducing 
an  extra  amount  of  metal  in  the  road,  which  more  ib  more  or  less 
objectionable  to  the  local  authorities.  In  Maroh  ef  last  year, 
however,  an  electrical  tramway  at  Northfieet  was  openea,  in 
which  for  the  first  time  the  conduit  was  built  underneath  one  of 
the  running  rails,  the  car  wheels  on  one  side  travelling  on  one  of 
the  rails  forming  the  slot  of  the  conduit  itself.  This  method  ol 
construction  meets  the  objections  of  the  local  authorities,  as  it 
does  not  in  any  way  add  to  the  amount  of  metal  placed  upon  the 
road  surface. 

Of  open  conduit  systems  with  oontinuouB  conductors  several 
have  been  tried  without  success.  The  objection  to  tliose  tried  so 
far,  however,  has  been  that  the  conductor  is  buried  in  the 
conduit,  and  cannot  be  got  at  without  ripping  open  the  conduit 
itself,  and,  as  the  size  m  the  conduit  must  necessarily  be  small  to 
keep  the  cost  'of  ^construction  to  as  low  a  figure  as  possible,  very 
imperfect  insulators  are  provided  for  supporting  tne  oonduoton 
within  tho  conduit,  and  these  cannot  begot  at  with  facility  for 
cleaning  purposes.  As  a  result  the  insulation  is  very  impmect 
and  eonsiderable  leakage  of  current  usually  folloMrs,  and  any 
repairs  to  the  conductor  necessitates  a  stoppage  of  the  tramway 
and  a  taking  up  of  the  road. 

To  ensure  an  absolutely  reliable  opem  conduit  system  it  is 
essential  (1)  that  all  the  electrical  flttmgs  should  be  so  designed 
that  they  can  be  plaoed  in  position  or  removed  for  the  purposes  of 
renewal  without  disturbing  the  road  surface,  and  they  must  at  all 
times  be  easy  of  aocess ;  (2)  to  ensure  good  insulation  the  supports 
should  be  as  infrequent  as  possible,  and  where  requisite  they 
should  be  insulated  from  the  rail  by  means  of  efficient  insulators ; 
(3)  rigid  collecting  arms  should  be  employed  to  ensure  absolute 
accuracy  of  travel,  to  prevent  any  risk  of  contact  being  broken, 
and  to  dispense  with  points  and  crossings  on  the  conductor  s  (4) 
all  the  devices  used,  either  electrical  or  mechanical,  must  be  ve^ 
simple  and  cheap. 

What  is  now  known  as  the  Waller- Man ville  system  of  conduits 
has  been  designed  with  a  view  to  embody  all  these  important  con- 
siderations. In  this  system  is  employed  a  flexible  oonductor  suffi- 
ciently small  to  admit  of  its  being  placed  in  or  withdrawn  through 
the  slot.  The  conductor  being  flexible,  the  supports  oan  be  at 
long  intervals,  such  as  90ft.,  ana  can  therefore  be  placed  in  side 
openings  to  the  conduit  and  not  in  the  conduit  itself.  By  this 
means  space  is  provided  for  large  and  efficient  insulators.  Remov- 
able covers  are  provided  to  these  side  openings,  or  hatchways, 
^ving  ready  access  to  the  insulators.  The  insulators  are  mounted 
m  suStk  a  manner  that  on  removing  the  cover  they  can  be  at  once 
lifted  out. 

The  collecting  arm  is  so  designed  that  the  shank  oan  be  with- 
drawn through  the  slot  and  Uie  coUeotor  proper  through  any 
hatchway. 

Under  ordinary  conditions  the  conductor  simply  rest?  on 
supporting  arms  without  being  attached  thereto.  When  it  is 
necessary  to  firmly  attach  the  conductor  to  its  support,  as,  for 
instance,  on  sharp  curves,  absolute  flexibility  is  stili  maintained, 
as  the  supports  are  so  designed  that,  whilst  rigidly  resisting  either 
a  longitudinal  or  lateral  strain,  the  same  freedom  of  upwara  move- 
ment is  allowed,  as  in  the  case  of  the  conductor  itself  when 
unattached. 

Simple  automatic  apparatus  is  provided  at  intervals  to  maintain 
a  constant  strain  upon  the  conductor,  and  to  prevent  sagging  too 
much  between  the  supports. 

The  current  is  collected  by  means  of  a  U-shaped  collector,  or 
shoe  in  which  the  conductor  runs,  the  collector  liftinf^  the  con- 
ductor off  the  orcQnary  supports  during  its  travel,  and  m  the  case 
of  the  supports  to  which  the  oonductor  u  attached  lifting  the 
support  itsidlf . 

llie  conductor  rests  upon  the  collecting  shoe,  which  passes  dear 
of  the  supporting  arm  from  the  insulator,  allowing  the  oonductor 
when  it  has  passed  to  fall  back  a^ain  upon  the  supporting  insu- 
lator. This  method  of  collection  is  sinuiar  to  that  which  has  been 
described  as  having  proved  extremely  efficient  with  the  overhead 
system. 

An  automatic  tension  apparatus  is  so  designed  that  whilst 
maintaining  a  constant  tension  upon  the  conductor  no  extra  strain 
or  weight  is  put  upon  the  collecting  arm  as  it  passes  beneath  the 
apparatus. 

It  will  be  seen,  then,  that  whilst  all  the  conditions  which  are 
met  with  in  a  tramway  are  fulfilled,  the  apparatus  employed  to 
fulfil  these  conditions  never  interferes  with  the  upwara  flexible 
movement  of  the  conductor  upon  which  the  perfect  contact  thus 
obtained  depends  ;  also,  that  no  nuts  or  bolts,  or  other  means  of 
permanently  attaching  the  insulators  and  their  supports  to  the 
conduit,  are  used.  Each  insulator  with  its  support  is  complete  in 
itself,  and  can  be  removed  from  the  hatchway  instantly  for 
cleaning  purposes  or  renewal.  The  oonductor  requires  the 
minimum  of  work  to  place  it  in  position,  as  it  is  but  necessary  to 
drop  it  through  the  sfot  alon^  the  road  to  fasten  it  to  the  compen- 
sating devices  and  curve  devices,  and  then  the  mere  action  of  the 
collecting  shoe  passing  under  the  conductor  the  first  time  places  it 
in  position  on  the  supports  idong  the  straight  parts  of  the  line. 

One  of  the  difficulties  hitherto  encountered  with  conduit 
tramways  is  that  of  keeping  the  conduit  itself  clear  of  dirt  and 
road  cUbris  owing  to  the  obstruction  caused  by  the  electrical 
fittings  to  the  passage  of  a  brush  or  cleaning  device.  It  will  readily 
be  seen  that  ^is  difficulty  does  not  exist  in  this  system,  therQ 
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beine  no  obstruction  to  the  pmaage  of  a  brash  attached  to  a  car 
wbicn  will  sweep  the  dirt  into  receptacles  provided  at  the  hatch- 
boxes,  from  whence  it  can  readily  be  removed. 

Before  oonolading  this  paper  we  would  doscribe  to  you  the 
method  used  on  the  exhibition  tram  line  for  attaching  the  motors 
to  the  tramcars  and  gearing  their  armatares  up  to  the  car  wheels. 
The  same  method  is  used  whether  the  current  be  supplied  frem 
overhead  conductors  or  from  underground  conductors  on  a  very 
larf^e  percentage  of  the  electrical  tram  lines  now  in  operation,  and 
enperlence  has  proved  it  to  be  a  very  gallsfactory  method  indeed. 

The  field  magnets  of  the  motor  are  supported  ii^a  cradle  of  gun- 
metal,  which  ^o  sapports  the  bearings  for  the  armature  and  for 
the  countershaft.  One  end  of  this  cradle  t«rminatoB  in  an  eye 
running  over  a  stud  supported  on  a  beam  carried  across  the  bottom 
of  the  car  track,  and  a  flange  round  the  eye  rests  upon  a  strong 
spring  ;  the  other  end  of  the  cradle  terminates  in  two  plummer 
blocks,  which  rest  directly  upon  one  of  tbe  axles  of  the  truck. 

The  armature  is  );eared  to  the  countershaft  bv  a  cast-stael  doable 
helical  pinion  and  wheel,  and  the  other  end  of  the  coonterahaft  is 
(geared  to  the  car  axle  by  a  simitar  pinion  and  wheel. 

By  thus  only  attaching  the  motor  at  one  end  of  the  car  axle,  and 
allowing  it  to  move  to  a  certain  degree  radially  roftnd  the  car  axle, 
by  supporting  at  the  other  end  in  the  way  described,  great  flexi- 
bility is  obtained,  and  the  effect  of  the  vibrations  caused  by  the 
wheels  travelling  over  tbe  track  and  communicated  to  the  motor 
are  thug  minimised  as  for  as  possible. 

Those  who  are  interested  in  this  method  of  mountine  the  motor 
can  insfwct  the  arrangement  on  one  oE  the  cars  in  the  grounds, 
and  also  any  of  the  other  details  referred  to  in  this  paper. 

We  have  endeavoured  to  describe  to  you,  in  perhaps  an  imper- 
fect manner,  besides  the  system  of  telpherage,  the  methods  of 
working  electrical  tramways  through  overhead  conductors  or 
underground  conductors  in  an  open  conduit.  The  subject  is  one 
of  pressing  interest  at  the  present  time,  and  is  worthy  of  treat- 
ment at  tar  greater  length  than  is  possible  within  the  limits  of 
this  paper ;  and  this  must  be  our  excuse  for  making  the  descrip- 
tions OS  short  as  possible,  and  not  entering  into  many  detaUs 
which  in  themselves  are  important. 


THE  ELECTBOMAGNET.* 

IT  nar.  siltanus  p.  THOMPaoN,  d.sc.,  b. 
Leotvrb  I. 

(Oondiuied  from  page  SSO.) 
Triotion  Mrprods. 
xls  of  measuring  p 
□  traction.     Of  these  there  are  several 

(i>)  IXvidtd  Ring  Mtthod.—'itc.  Sheltord  Bidwell  has  klndlv 
lent  me  tbe  apparatus  with  which  he  carried  out  this  method.  It 
consists  of  a  ring  of  very  soft  charooal  iron  rod  6'4  millimetres  in 
thickness,  the  external  diameter  being  6  centimetres,  sawn  into 
two  half  rings,  and  then  each  half  carefully  wound  over  with  an 
exciting  coil  of  insulated  copper  wire  of  1,929  convolutions  in  total. 
Tbe  two  halves  fit  neatly  together  ;  and  in  this  position  it  conkti- 
tutea  practically  a  continuous  ring.  Wben  an  exciting  current  is 
passed  round  the  coils  both  halves  become  magnetised  and  attract 
one  another.  The  force  required  to  pull  them  asunder  is  then 
measured.  According  to  the  law  of  traction,  which  will  occupy 
us  in  the  second  lecture,  tbe  tractive  force  {over  a  given  area  of 
contact)  is  proportional  to  the  square  of  the  number  of  magnetic 
linee  that  pass  from  one  surface  to  the  other  through  tbe  contact 
joint.  Hence  the  force  of  traction  may  be  used  to  determine  B  ; 
and  on  calculating  H  as  before,  we  can  determine  the  permeability. 
The  following  Table  IV,  gives  a  summary  of  Mr.  Bid  well's  rasulU, 
Tabui  IV.— (Square  Centimetre  Measure). 


Soft  Charooal  Iron. 


B 

*• 

H 

7,990 

1899-1 

3-9 

1121-4 

10-3 

3S«'4 

40 

150-7 

•lis 

18,470 

S8-8 

208 

19,330 

48-3 

427 

19,S20 

83-9 

&8S 

{E)  Dividtd  Rod  Mahod.—ln  this  method,  also  used  by  Mr. 
Bidwell,  an  Iron  rod  hooked  at  both  ends  was  divided  across  the 
middle,  and  placed  within  a  vertical  surrounding  magnetising 
coil.  One  hook  was  hung  up  to  an  overhead  support ;  to  the  lower 
hook  was  bung  a  scale-pan.  Currents  of  gradually  increasing 
strength  were  sent  around  the  magnetising  coil  from  a  battery  of 
cells,  and  note  was  taken  of  tbe  greatest  weight  which  could  in 
each  case  be  placed  in  the  scale-pan  without  tearing  asunder  tbe 
ends  of  the  rods. 

(f)  /'ei-7n«ain<(«-jri^h»f,— This  is  a  method  which  I  have  myself 
devised  for  the  purpose  of  t^eting  specimens  of  iron.  It  is  easeH' 
(ialty  a  workshop  method,  as  distinguished  from  a  laboratory 
method.     It  requires  no  bidUstlc  galvanometer,  and  the  iron  does 
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notneedto  be  forced  into  a  ring  or  wound  witb  a  ooil.  ForcanySn^ 
it  out  a  simple  instrument  is  needed,  which  I  venture  to  denomi- 
nat«  as  a  permeameter.  Outwardly  it  has  a  general  resemblance 
to  Dr-  Hopkinson's  apparatus,  and  oonsists,  as  you  see  (Fig.  19},  of 
a  rectangular  piece  of  soft  wrought  iron,  slottod  out  to  receive  a 
magnetising  coil,  down  the  axis  of  which  passes  a  brass  tube.  The 
block  is  12in.  long,  S^in.  wide,  and  3tn.  in  thickness.  At  one  end 
the  block  is  bored  to  receive  tbe  sample  of  iron  to  be  t«sted.  This 
consists  simply  of  a  thin  rod  about  a  toot  long,  one  end  of  which 
must  be  carefully  surfaced  up.  When  it  is  plooed  inside  tbe 
magnetising  coil,  and  the  exciting  current  is  turned  on,  the  rod 
sticks  tightly  at  Ita  lower  end  to  the  surface  of  the  iron  block  ;  and 
the  force  required  to  detach  it  (or,  rather,  tbe  square  root  of  that 
force)  is  a  measure  of  the  permeation  of  the  magnetic  lines  through 
its  end-face.  In  the  first  permeameter  which  I  constructed  the 
magnetising  ooil  is  13-64  centimetres  in  length,  and  has  371  turns 
of  wire.  One  ampere  of  exciting  current  consequently  produces  a 
magnetising  force  of  H  —  34.  The  wire  is  thick  auough  to  carry 
30  amperes,  so  that  it  is  easy  to  reach  a  magnetising  force  of  1 ,001). 
The  current  I  now  turn  on  is  25  amperes.  The  two  rods  here 
are  of  "  charooal  Iron  "  and  "  best  iron  "  respectively  ;  they  are 
of  ^in.  square  stuK  Here  is  a  spring  balance  graduated 
carefully,  and  provided  with  an  automatic  catch  so  that  its  index 
stops  at  the  highest  reading.  The /tractive  force  of  the  charcoal 
iron  is  about  l2ilb.,  while  that  of  the  "  beet "  iron  is  only  7ilb.  B 
is  about  19,000  in  the  charcoal  iron,  and  H  being  850,  fi  is  about 
23'3.  The  law  of  traction  which  I  use  in  calculating  B  will  occupy 
us  much  in  the  next  lecture,  but  meantime  I  content  myself  in 
stating  it  here  tor  use  with  the  permeamet«r.     Tbe  formula  for 


Fia.  19. — The  PermeametAF. 


I  may  add  that  tbe  instrument  in  its  final  form  ts  man uf acta  red 
from  my  designs  by  Messrs.  Nalder  Bros.,  the  well-knowo  makers 
of  M  many  electrical  instruments. 


r  MAOKSTiaaTioH  a 


)   PXRMKABIUTy. 


In  reviewing  tbe  results  obtained,  it  will  be  noted  that  tbe 
ourves  of  m^netisation  all  possess  the  same  general  features,  all 
tending  toward  a  practical  maximum,  which,  however,  is 
different  for  different  materials.  Joule  expressed  the  opinion 
that  "  no  force  of  current  could  give  an  attraction  eqnal 
to  2001h.  per  square  inch,"  the  grcateat  be  actnaUy 
attained  being  only  1751b.  per  square  inch.  Rowland  was 
of  opinion  that  ths  limit  was  about  lT7lb.  per  square  inch  for  an 
ordinary  good  quality  of  iron,  even  with  infinitely  great  exciting 
power.  This  would  correspond  roughly  to  a  limiting  value  of  B  tn 
about  17,500  lines  to  the  square  centimetre.  This  value  has, 
however,  been  often  surpasMd,  Bidwell  obtained  111,820,  or 
possibly  a  trifle  more,  as  in  Bidwell's  calculation  the  value  of  H 
has  boen  needlessly  discounted.  Hopkinson  gives  18,260  for 
wrought  iron,  and  19,840  for  mild  Whltworth  steel-  Kapp  giie« 
16,740  for  wrought  iron,  20,460  for  charcoal  iron  in  sheet,  and 
23.250  for  charcoal  iron  in  wire.  Bosanquet  found  the  highest 
value  in  the  middle  bit  of  a  long  bar  to  run  up  in  one  specimen  to 
21,428,  in  another  to  29,388,  in  a  third  to  27,088.  £  wing,  working 
with  extraordinary  magnetic  power,  forced  up  the  value  of  B  in 
Lowmoor  iron  to  31 ,560  (when  fi  came  down  to  3),  and  subsequently 
to  45,350.  This  last  figure  oorresponds  to  a  traction  mpaeding 
1,0001b,  to  the  square  inch.  X 

Cast  iron  falls  far  below  these  figures.  Hopkinson,  uiilg  a 
magnetising  force  of  240,  found  the  values  of  B  to  be  10,78.'>^in 
grey  cost  iron,  12,408  In  malleable  cast  iron,  and  10,540  in  mottP^ 
oast  Iron.  Ewing  with  a  magnetising  force  nearly  60  timaa  d 
great,  forced  up  tne  value  of  B  in  cast  iron  to  31,760.  Mitis  metal, - 
which  is  a  sort  of  cast  wrought  iron,  being  a  wrought  iron  rendered  -  j 
Said  by  addition  of  v  stnall  percentage  of  nlnminium,  b,  u  I  b«v9     ~'  -^ 
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short  ipace  o(  time.  If,  for  example,  the  motor  yna  on  the  I  conducted.  Indeed,  the  ezperienoe  which  the  WeBting- 
truck  u  well  as  the  body  of  the  car,  and  the  removal  of  1  house  Company  han  gained  in  winding  and  iDSulating  high- 
ths  armature  was  deaired,  it  would  only  require  the  opening  |  tension  apparatus  proves  here  to  be  of  the  utmost  advan- 


Fin.  l.—WeatiDghonseBlectrioRulwny  Motor. 


of  the  bottom  of  the  car,  and  the  unhinging  of  the  field 
magnets.  The  armature  could  then  be  taken  out  in  a  few 
seconds.  To  make  this  process  of  removing  the  armature 
still  more  easy,  the  company  manufactures  a  small  portable 


ti^e,  and  it  has  been  exercised  in  making  the  ooils  water- 
proof. They  can  easily  be  changed  by  sUpping  them  over 
the  magnet  cores,  and  they  are  held  immov^e  by  hnn 


Tla.  2.— WwtinKfaouae  Eleotrlo  Railwaj  Motor— Plan  of  Motor  and  Truck. 

hoisting  device,  which  fits  into  the  oil  pockets  of  the  frame,  I      The  durability  of  any  motor  depends  chiefly  upon  the 

and  enables  one  man  to  remove  any  part  of  the  motor.         I  construction  of  the  armature.     In  the  Westinghouse  motor 

The  construction  of  the  field  coifs  has  been  very  cuefully  |  the  shaft  is  made  very  heavy,  is  constructed  of  steel,  uid 
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the  armature  is  built  up  to  present  any  loosening  of  its 
details.  The  armature  shaft  is  of  varying  diameter,  being 
thicker  in  the  centre  and  tapering  towards  each  end. 

The  commutator  is  constructed  of  a  special  composition 
metal  made  by  the  company,  and  is  insulated  so  as  to 
prevent  burning  out  All  the  details  of  the  commutator 
are  held  together  rigidly,  and  are  fastened  to  the  armature 
shaft  in  a  manner  which  obviates  jarring  or  breaking  of 
the  armature  wires. 

The  brush-holder  bracket  is  fastened  rigidly  to  the  frame, 
and  a  wooden  bar  carries  the  brush-holder  arms.  This 
method  has  been  adopted  to  prevent  vibration  or  shifting 
of  the  brushes. 

The  gears  in  the  motor  are  heavier  than  ordinarily 
employed.  The  face  of  the  gear  wheel  is  wider,  to  give 
more  wearing  service. 

The  armature  pinion  and  the  countershaft  pinion  are 
made  of  steel.  The  axle  wheel  and  the  countershaft  wheel, 
however,  are  of  cast  iron.  The  armature  pinion,  the  counter- 
shaft pinion,  and  the  wheels  are  all  bored  taper  fashion  and 
their  shafts  are  turned  correspondingly.  These  parts  are 
keyed  together.  A  powerful  spring  is  used  behind  two  nuts 
to  keep  the  wheels  in  place.  The  advantage  of  this  method 
will  be  readily  appreciated  by  those  who  realise  that  there 
is  considerable  heating  in  the  pimons,  which  expand  more 
than  the  shafts  and  thus  become  loose.  The  purpose  of 
this  taper  hole  and  shaft  is  that  should  the  pinion  expand 
more  than  the  shaft,  the  spring  will  force  the  pinion  tighter 
on  the  shaft)  and  the  loss  of  any  motion  between  the  latter 
and  the  wheel  will  be  obviated. 

All  motor  parte  are  held  together  by  through-going  bolts, 
and  spring  washers  are  utilised  to  prevent  the  loosening  of 
the  nuts  on  account  of  constant  jarring  and  shaking.  The 
motor  is  supported  upon  the  truck  by  two  springs,  which 
diminish  the  strain  on  the  crossbeams.  In  Fig.  1  the  gear 
wheels  are  not  shown.  They  are  surrounded  by  an  iron 
box  which  is  used  principally  to  deaden  the  noise  caused 
by  wheels.  The  box  siurounding  the  gears  is  filled  with  a 
peculiar  lubricating  material  which  reduces  the  friction  of 
the  gears  and  renders  their  movements,  it  is  stated,  practi- 
cally noiseless,  while  adding  at  the  same  time  to  their 
durability. 

Fig.  2  gives  a  plan  view  of  the  truck 

To  prevent  accumulation  of  dust  in  the  several  parts  of 
the  motor,  a  sheet-iron  pan  has  been  placed  beneath  the 
bottom  of  the  motor  and  a  sailcloth  curtain  surrounds  the 
side  of  the  apparatus.  The  ordinary  overhead  trolley  wire 
system  is  used  in  connection  with  the  motor. 

In  Pittsburg,  Pa.,  the  motors  have  now  been  operated  on 
the  streets  since  July  3,  and  they  have  become  extremely 
popular  in  that  city. 

In  Lansing,  Mich.,  the  operation  of  the  motors  is 
declared  successful  in  every  particular.  The  company  has 
now  contracts  for  50  roads,  and  the  equipment  for  them 
is  being  turned  out  at  the  Pittsburg  and  Newark  works 
as  rapidly  as  the  capacity  of  the  shops  permits. — Western 
ElectricUuk 
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Lecture  II. 
Qbnbral  Prinoiflbs  of  Design  and  CoNSTRUonoN. — Principle 

OF  THE  MaONETIO  CiROITIT. 

(Continued  from  page  368,) 

Here  let  me  ffo  to  a  matter  which  has  been  one  of  the  paradoxes 
of  the  past.  In  spite  of  Joule,  and  of  the  laws  of  traction, 
showing  that  the  pull  is  proportional  to  the  area,  you  have  this 
anomaly  —that  if  you  take  a  oar  magnet  having  flat-ended  poles, 
and  measure  the  pull  which  its  pole  can  exert  on  a  perfectly  flat 
armature,  and  then  deliberately  spoil  the  truth  of  the  contact 
surface,  rounding  it  off,  so  making  the  surface  g^ently  convex,  the 
convex  pole,  which  onlv  touches  at  a  portion  of  its  area  instead  of 
over  the  whole,  will  be  found  to  exert  a  bigger  pull  than  the 
perfectly  flat  one.  It  has  been  shown  by  various  experimenters, 
particularly  by  Nickl^,  that  if  you  want  to  increase  the  pull 
of  a  maffnet  with  armatures,  you  may  reduce  the  polar  surface. 
Old  steel  magnets  were  frequently  purposely  made  with  a  rounded 
contact  surfaoe.  There  are  plenty  of  examples.  Suppose  you 
take  a  straight  round  core,  or  one  1^  of  a  horseshoe,  which 
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answers  equally,  and  take  a  flat-ended  rod  of  iron  of  same  diimster 
as  an  armature ;  stick  it  on  endwise,  and  measure  the  pull  when  a 

fiven  amount  of  ampere-turns  of  current  is  circulating  round, 
'hen,  .having  measured  the  pull,  remove  it  and  file  it  a  little,  ao 
as  to  reduce  it  at  the  edges,  or  take  a  slightly  narrower  piece  of 
iron,  so  that  it  will  actually  be  exerting  its  power  over  a  smaller 
area,   you  will  get  a  speater  pull.      What  is  the  explanattOD 
of  this   extraordinary   fact  ?    A  fact   it  is,   and  I  will  show  it 
to   you.     Here,   Fig.    24,  is  a  small  electromagnet  which  we 
can  place  with  its  poles  upwards.    This  was  very  carefully  made, 
the  iron  poles  very  nicely  taced,  and  on  coming  to  try  them  it  waa 
found  they  were  nearlv  equal,  but  one  pole,  A,  was  a  little  stronger 
than  the  other.     We  nave,  therefore,  rounded  the  other  pole,  B, 
a  little ;  and  here  I  will  take  a  piece  of  iron,  G,  which  has  iteelf 
been  slightly  rounded  at  one  end,  though  it  is  flat  at  the  oUier.    I 
now  turn  on  the  current  to  the  electromagnet,  and  I  take  a  spring 
balance,  so  that  we  can  measure  the  pull  at  either  of  the  two 
poles.  When  I  pull  the  flat  end  of  C  to  the  flat  pole.  A,  so  that  there 
18  an  excellent  contact,  I  find  the  pull  about  2ilb.    Now  try  the 
round  end  of  G  on  the  flat  pole.  A;  the  pull  is  about  31b.  The  flat 
end  of  G  on  the  round  pole,  B,  is  also  about  31b.     But  if  now  I  pat 
together  two  surfaces  that  are  both  rounded,  I  get  almost  exactly 
the  same  pull  as  at  first  with  the  two  flat  surfaoee.    I  have  made 
many  experiments  on  this,  and  so  have  otJbers.    Take  the  following 
case :  There  is  hung  up  a  horseshoe  magnec,  one  pole  being  slightly 
convex  and  the  other  absolutely  flattened,  and  there  is  put  at  the 
bottom,  on  a  square  bar  armature,  over  which  is  slipped  a  hook  to 
which  weights  can  be  hung.     Which  end  of  the  armature  do  yon 
think  will  be  detached  first  ? 

If  you  were  going  simply  by  the  square  inches,  jrou  would  aay 
this  square  end  will  stick  on  tighter  ;  it  has  more  g^npping  surface. 
But  as  a  matter  of  fact,  the  other  sticks  tighter.  \^y  ^  We  are 
dealing  here  with  a  magnetic  circuit.  There  is  a  certain  total  mag- 
netic reluctance  all  round  it,  and  the  whole  number  of  magnetic 
lines  generated  in  the  circuit  depends  on  two  things — on  the  mae- 
netising  force,  and  on  the  reluctance  all  round  ;  and,  saving  a  little 
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Fig.  24. — Experiment  on 
Rounding  Ends, 


Fid.  25. — Experiment  of 
Detaching  Armature. 


leakage,  it  is  the  same  number  of  magnetic  lines  which  oome 
through  at  B  as  go  through  at  A.  But  here,  owing  to  the  fact  that 
there  is  at  B  a  better  contact  at  the  middle  than  at  the  edges  of 
the  pole,  the  lines  are  crowded  into  a  smaller  space,  and  therefore 
at  that  particular  place  B«,  the  number  of  lines  per  sc^uare  inch 
runs  up  nigher,  and  when  you  square  the  larger  number,  its  sqoare 
becomes  still  larger  in  proportion.  In  comparing  the  square  of 
smaller  B«  with  the  square  of  greater  B^,  the  square  of  the  smaller 
B^  over  the  larger  area  turns  out  to  be  less  than  the  equare  of  the 
larger  B„  integrated  over  tJie  smaller  area.  It  is  the  law  of  the 
square  coming  in. 

As  an  example,  take  the  oase  of  a  magnet  pole  formed  on  the 
end  of  apiece  of  round  iron  l'15in.  in  diameter.  The  flat  pole 
will  have  l'05in.  area.  Suppose  the  magnetising  forces  are  each 
as  to  make  B,,  =  90,300,  then,  by  Table  Vl.,  the  whole  puU  will 
be  118*751b.,  and  the  actuid  number  of  lines  through  the  contact 
surface  will  be  N  =  948,168.  Now  suppose  the  pole  be  reduced 
by  rounding  off  the  edge  till  the  effective  contact  area  is  reduced 
to  0'9  square  inches.  If  all  these  lines  were  crowded  through  that 
area  that  would  give  a  rato  of  105,6.30  per  square  inch.  Sappoee, 
however,  that  the  additional  reluctance  and  the  leakage  reduced 
the  number  by  2  per  cent.,  there  would  still  be  103,500  per  square 
inch.  Reference  to  Table  VI.  shows  that  this  gives  a  pull  of 
147 '71b.  per  square  inch,  which,  multiplied  by  the  redaoea  area, 
0*9,  gives  a  total  pull  of  132*91b.,  which  is  larger  than  the  original 
pull. 

Let  me  show  you  yet  another  experiment.  This  is  the  same 
electromagnet,  Fig.  24,  which  has  one  flat  pole  and  one  rounded 
pole.  Here  is  an  armature,  also  bent,  having  one  flat  and  one 
rounded  pole.  If  I  put  flat  to  flat  and  round  to  round,  and  pull  at 
the  middle,  the  flat  to  flat  detaches  first ;  but  if  we  take  round  to 
flat,  and  flat  to  round,  we  shall  probably  find  they  are  about 
equally  good  —it  is  hard  to  say  whico  holds  the  stronger. 

The  law  of  traction  can  again  be  applied  to  test  the  so-called 
distribution  of  free  magnetism  on  the  surface.  This  is  a  subject 
on  which  I  shall  have  to  say  a  good  deal.    We  most  therefore 
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carefuUjr  conBider  what  a  msBDt  by  the  phrase.  Let  Fi^.  26  b«  a 
roogb  drawing  of  an  ordinary  bar  raagneC  Everyane  knowa  that 
il  wadip  auch  a  magnet  into  iron  filinKBtbeamiilt  biUof  iron  stick 
on  more  eapeciatly  at  the  ends,  but  not  exclusivsly,  and  if  yon  bold 
it  nnder  a  piece  of  paper  or  cardboard  and  sprinkle  iron  filings  on 
tbe  paper,  you  obtain  i;urvea  like  those  shown  on  the  diagram. 
Tbey  att«et  the  distribution  of  the  magnetio  forces  in  the  ext«mal 
spaoe.  Tbe  magnetism  running  internally  through  the  body  of 
we  iron  begins  to  leak  out  sldawsys,  and  finally  all  the  rest  leaks 
out  in  a  ereat  tuft  at  the  end.  These  magnetic  lines  pass  round 
to  the  otAer  end,  and  there  go  iu  again.  The  place  where  the  steel 
is  int«nially  most  highly  magnetised  is  this  place  across  the 
middle,  when  externally  no  iron  (ilinn  at  all  stick  to  it.  Now, 
we  have  to  think  of  magnetism  itvm  the  inside  and  not 
tbe  outsido.  The  magnstiB'')  ext«DdB  in  Ibies,  coming  up  to 
the    aarfacA   somewhere   near    the    eoda   of    the   bar,    and   the 


thometal  is  really  most  completely  permeated  through  and  thi  ^ 
by  the  magnetism ;  there  are  a  larger  number  of  lines  per  squaro 
oeotimetre  of  cross-section  in  the  middle  region  where  none  come 
op  to  the  surface,  and  no  filings  stick  on.  Now,  we  may  explore 
the  leakage  of  magnetic  lines  at  various  pointa  of  the  surface  of 
tbe  magnet  by  the  method  of  traction.  We  can  thereby  arrive  at 
a  kind  of  measure  of  the  amount  of  magnetism  that  is  leaking ;  or, 
it  JOB  1ik«  to  coll  it  BO,  of  the  intensity  of  the  "  free  magnetism  " 
at  the  surface.  I  do  not  like  to  have  to  use  these  ancient  terms, 
because  they  BUBKest  the  ancient  notion  that  magnetism  was  a  fluid, 
or,  rather,  two  Quids ;  one  of  which  was  plastered  on  at  one  end  of 
the  magnet,  and  the  other  at  the  other ;  just  as  yon  might  put  red 
paint  or  blue  paint  over  the  ends.  I  only  use  that  term  beoanse  it 
IB  already  more  or  lees  familiar.  Here  is  one  of  the  ways  of  experi- 
meotally  exploring  the  so-called  distribution  of  free  magnetism. 
The  method  woe,  I  believe,  orinnally  doe  to  Pliicker ;  at  any  rate 
it  was  much  used  by  him-  This  little  piece  of  apparatus  was 
arranged  by  my  friend  and  predecessor,  Prof.  Ayrton,  for  the  pur- 
pose of  beaching  his  students  at  the  Finebury  doUege.  Here  is  a 
oar  magnet  of  Fteel,  marked  in  oentimetree  from  end  to  end ;  over 
the  top  of  it  there  is  a  little  steelyard,  couBisting  of  a  weight 


fr*-* 


///Hi 


sliding  along  an  arm.  At  the  end  of  thai  steelyard  there  is  sus- 
pended a  small  bullet  of  iron.  If  we  bring  that  bullet  into  contact 
with  the  bar  m&gncL  anywhere  near  the  end,  and  equilibrate  the 
imll  by  sliding  Uie  counterpoise  along  the  steelyard  arm,  we  shall 
obtain  the  definite  pull  required  to  detach  that  piece  of  iron.  The 
pull  will  be  proportional,  by  Maxwell's  rule,  to  the  square  of  the 
number  of  magnetic  lines  coming  up  from  tbe  bar  into  it.  Shift 
the  magnet  on  a  whole  centimetre,  and  attach  the  bullet  a  little 
further  on  ;  now  equilibrate  il,  and  we  shall  find  it  will  require  a 
rather  smaller  force  to  detach  it.  Try  it  again  at  point«  along 
from  the  end  to  the  middle-  The  greatest  force  required 
to  detach  it  will  be  found  at  the  extreme  corner,  and  a  little 
less  a  little  way  on,  and  so  on  until  we  find  at  the  middle  the 
bullet  doe«  not  stick  on  at  all,  simplv  because  there  are  here  no 
magnetic  lines  leaking.  The  methoo  is  not  perfect,  because  it 
obviously  depends  on  the  magnetic  properties  of  the  little  bullet, 
and  whether  much  or  little  saturated  with  magnetism.  Moreover, 
the  presence  of  the  bullet  jjerturbs  the  very  thing  that  is  to  be 
measured.      Leakage  into  air    is  one    thing,    leakage    into    air 

K orbed  by  the  presence  of  the  little  bullet  of  iron,  which  invites 
sge  iota  itself  is  another  thing.  It  is  an  imperfect  experi- 
ment at  the  beet,  bnt  a  very  instructive  one.  This  method  has 
been  nsed  agalo  and  again  In  various  cases  far  exploring  tbe 
apparent  magnetism  on  the  surface.  I  shall  use  it  hereafter, 
reaerviog  tbe  right  to  interpret  the  result  by  the  light  of  the  Law 
of  tractinn. 

1  now  [MM  to  the  consideration  of  the  attraction  of  a  maeoet  on 
a  piece  ofiron  at  adistaaoe.  And  here  I  coma  to  a  very  delicate 
and  oomplioated  question.  What  is  the  law  of  force  of  a  magnet, 
or  electromagnet,  acting  at  a  point  some  distance  away  from  itT  I 
have  a  very  great  oontroversy  to  wage  against  the  common  way  of 
rc^Mding  this.  The  usual  thing  that  is  proper  to  say  is  that  it  all 
depnida  on  the  law  of  inverse  Bquores.  Now,  the  Uw  of  inverse 
Bnuares  ie  one  of  those  detastsble  things  needing  to  be  abolished, 
which,  although  it  roa^  be ■-  -■— — '   —»' 


n  abstract  mathematics,  is  abso- 


lutely inap^Jicabie  with  respect  to  electromagnets.  The  only  use, 
in  fact,  of  the  law  of  inverse  squares,  with  respect  to  elei^ro- 
magnetiBn,  is  to  enable  you  to  write  an  answer  when  yott  wan^  to 


pass  an  academical  examination  set  by  some  fossil  examiner  who 
learned  it  yeoni  ago  at  the  university,  and  never  tried  an  experi- 
ment in  his  life  to  see  if  it  was  applicable  to  an  electromagnet. 
In  academical  pxaminations  they  always  expect  you  to  give  the 
law  of  inverse  squares.  What  is  the  law  of  inverse  squares !  We 
had  better  nnderetand  what  it  is  before  we  condemn  it.  It  is  a 
statement  to  the  following  eSiKt :  that  the  action  of  the  magnet 
(or  of  the  pole,  some  people  say)  at  a  point  at  a  distance  away  m>m 
it  varies  inversely  as  the  square  of  the  distance  from  the  pole. 
There  is  a  certain  action  at  one  inch  away.  Double  the 
disbinoe ;  the  sqaare  of  that  will  be  four,  and  Inversely 
Uie  action  will  be  J  ;  at  double  the  distanoa  the 
action  is  ^  ;  at  three  times  the  distanoe  the  action  Is  \, 
and  so  on.  You  just  try  it  with  any  electromagnet  ;  nay, 
take  any  magnet  you  like,  and  unless  you  hit  upon  the  parbienlar 
case,  1  believe  you  will  find  it  to  be  universally  untrue.  Experi- 
ment does  not  prove  it.  Coulomb,  who  was  supposed  to  establish 
the  taw  of  inverse  squares  by  means  of  the  torsion  balance,  was 
working  with  long  thin  needlen  of  specially  hard  steel,  carefully 
magnetised  so  that  the  only  leakage  of  magnetism  from  the  magnet 
might  be  as  nearly  as  possible  leakage  in  radiating  tufts  at  the 
very  ends.  He  practically  had  point  poles.  When  the  only  surface 
magnetism  is  at  the  end  faces,  the  mognotic  lines  leak  out  like  rays 
from  a  centre,  in  radial  lines.  Now  the  law  of  inverse  squuee  is 
never  true  except  for  the  action  of  points  ;  it  is  a  point  law.  If  you 
could  get  an  electromagnet  or  a  magnet,  with  poles  so  small  in 
proportion  to  its  length  that  you  can  consider  the  end  face  of  it  as 
the  only  place  through  which  magnetic  lines  leak  up  into  the  air, 
and  the  ends  themselves  so  small  as  to  be  relati\'ely  mere  polnta  ; 
if,  also,  you  can  regard  those  end  faces  as  something  so  far  away 
from  whatever  they  are  going  to  act  upon  that  the  distanoe  between 
them  shall  be  large  compared  with  their  size,  and  the  end  itself  so 
small  as  to  beapoint,  then,  and  then  on]y,is  thelaw  of  inverse  squares 
true.  It  is  a  law  of  the  action  of  points.  What  do  we  find  with 
electromagnets  ?  We  are  dealine  with  pieces  of  iron  which  are  not 
infinitely  long  with  respect  to  their  cross -section,  and  generally 
possessing  round  or  square  end  faces  of  definite  magnitude,  which 


Fid.  27.— Apparatus  to  niustrote  the     Fin.  28, -Deflection 
Law  of  Inverse  Squares.  of  Needle. 

aro  quite  close  to  the  armature,  and  which  are  not  so  infinitely^ 
away  that  you  can  consider  the  polar  face  a  point  as  compared 
with  its  distJincc  away  from  the  object  upon  which  it  is  to  act. 
Moreover,  with  real  electromagnet*  there  is  always  lateral  laakaee. 
The  magnetic  lines  do  not  all  emerge  from  the  iron  through  the 
end  face.  Therefore,  the  law  of  inverse  Hiuares  is  not  applicsble 
to  that  case.  What  do  we  mean  by  a  pole,  in  the  first  place !  Wo 
must  settle  that  before  we  can  even  begin  to  apply  any  law  of 
inverse  squares.  When  leakage  occure  oU  over  a  great  region^aa 
shown  in  this  diagram,  every  portion  of  the  region  is  polar.  The 
word  polar  simply  means  that  you  have  a  place  somewhere  on  the 
surface  of  the  magnet  where  filings  will  stick  on,  and  if  filings  will 
stick  on  to  a  considerable  way  down  toward  the  middle,  all 
that  region  must  be  considered  polar,  though  more  strongly 
at  some  parte  than  at  others.  There  are  some  cases  where 
you  can  say  that  the  polar  distribution  is  such  that  the 
magnetism  leaking  through  the  surface  acta  as  if  thwe 
a  magnetic  centre  of  gravity  a  little  way  down,  not  sftually 


t  the  end  ;  but  cases  where  you  ( 


n  say  there  is  such  a  diatribu- 


.,.u.i~,«jhaveamagnetiocentreof  gravity  are  strictly  few,  When 
Gauss  had  to  make  up  his  magnetic  measurements  of  the  earth,  to 
describe  the  earth's  magnetism,  he  found  it  absolntely  impossible 
to  assign  any  definite  centre  of  gravity  to  the  observed  distribution 
of  magnetism  over  the  northern  regions  of  the  earth ;  that,  indeed, 
there  was  not  in  this  sense  any  definite  magnetic  pole  to  the  earth 
at  all  Nor  is  there  to  our  magneta.  There  is  a  polar  region,  but 
not  a  pole;  and  it  there  is  no  centre  of  gravity  of  the  Barf  ace 
mi^netism  that  you  can  call  a  pole  from  which  to  measure  distanoe, 
bow  about  the  law  of  inverse  BquaresI  Allow  me  to  show  tod  an 
apparatus.  Fig.  27,  the  only  one  I  ever  heard  of,  in  which  the  Uw 
of  inverse  squares  is  true.  Here  is  a  very  long,  thin  maenet  ta 
steel,  obout  3ft.  long,  very  carefully  magnetised  so  as  to  have  no 
leakage  until  quite  close  up  to  the  end.  The  consequence  Is  that 
for  practical  purposes  you  mav  treat  this  as  a  magnet  having  point 
poles,  about  an  inch  away  from  the  ends.  The  south  prio  Is 
upwards,  and  the  north  pole  is  below,  restinR  in  a  groove  in  a 
base-board  which  la  jtraduated  with  a  ecale,  and  ia  set  m  a  direc- 
tion eaat  and  west.   iDseaKxiRinagnatandkecptba  nuth  pole 
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wbiob,  being  ■mall,  I  mIc  tc  be  «llo  ved 
•m  Koing  to  oonaider  this  point  ni  acting  on  a  Bmall  oompui 
tMBoIe  aiupMidad  over  a  card  under  this  glue  cam  conetituliOK  k 
little  m^fDetoueter.  If  this  were  properl;  arranged  in  a  rcxim 
free  tram  all  otber  magnets,  and  aet  ao  that  the  Denile  aliaU  point 
aotth,  what  will  be  the  effect  of  baving  the  ncnth  pole  of  the  Icmg 
mwnet  at  tome  diatance  eaatirardB  I  It  will  repel  the  north  Mid 
and  attract  the  loatb,  producing  a  certain  deflection  which  we  can 
read  off;  leckonioK  the  force  which  caniea  it  by  calculating  the 
tangent  of  the  angle  of  the  deflection.  Now,  let  na  move  the  north 

Sale  (regarded  aa  a-poinl)  nearer  or  farther,  and  «tudy  the  effect. 
aiH)0M  we  halve  the  diitanoe  from  the  pole  to  the  indicating 
needle,  the  deflecting  forue  at  half  the  diitance  ia  fonr  timea  aa 
great     the  fonw  at  doable  tlie  diotanoe  ii  one  quarter  aa  great. 


Fia.  39.— CloMd  Magnetic  CirculL 

WhereforeT  Becaoae,  firstly,  we  bave  taken  a  case  where  the 
distance  apart  is  very  great  compared  with  the  size  of  the  pole  ; 
aecondly,  the  pole  ia  practically  coticeiitmted  at  a  point ;  thirdly, 
there  is  only  one  pots  actins  ;  and.  fourthly,  this  magnet  is  of 
hard  steel,  and  ite  magnetiam  in  no  way  depeoda  on  the  thing  it  ia 
BctinKon,butisconatnnt.  I  bavecarerully  madeBncbarmngementa 
that  the  other  poleaballbeintheaxia  of  rotation,  bo  that  iu  action 
ontheneedleaballhaveno  horizontal  component.  The  apparatns  is  eo 
arranged  that  whatever  the  position  of  that  north  pole,  the  aouth 

Pie,  which  merely  slides  perpeodicalarly  up  anddown  on  aKuide, 
vertically  over  the  ueedle,  and,  therefore,  does  not  tend  to  turn 
it  raund  in  any  direction  whatever.  With  thia  apparatus  one  can 
approiimately  verify  the  law  oiF  inverse  squares.  Bnt  thia  is  not 
like  any  electromagnet  ever  need  for  any  nseful  purpose.  Yon  do 
not  make  electromagnets  long  and  thin,  with  point  poles  a  very 
lance  diatance  away  from  the  place  where  they  are  to  act.  No, 
yon  use  them  with  large  aurfaoes  close  up  to  their  armature. 


Fio.  30.— Divided  Magnetic  Circuit, 

There  ia  yet  anotber  case  which  follows  a  law  that  is  not  a  law 
ot  inverse  squares.  Sup^nse  you  take  a  bar  mwnet,  not  too  long, 
and  approaob  it  broaoside-on  towards  a  am^  compaaa  needle. 
Fig.  28.  Of  coarse,  you  know  aa  soon  aa  yon  get  anywhere  near 
tbe  compaaa  needle  it  turns  round.  Did  you  ever  try  whether  tbe 
effect  is  inversely  proportional  to  tbe  aquare  of  the  distance 
reckoned  from  the  middle  of  the  compass  needle  to  the  middle  of 
the  magnet }  Do  you  think  that  tbe  deflections  will  vary  inversely 
with  the  squares  of  tbe  diatancesT  You  will  find  they  do  — ' 
WhM)  you  plac«  tbe  bar  magnet  like  that,  broadside-on  tc 
needle,  tbe  deflecUona  vary  as  the  cube  of  tbe  diatance,  doi 


ingwaj.     The  pnll  of  tbe  electromagnet  on  its  a  .    

proportional  to  the  diatance,  nor  to  the  aquare  of  the  diatance,  Mr 
to  the  cube,  nor  to  the  (onrtb  power,  nor  to  the  square  Rwt,  nor 
to  the  three-halfth  root,  nor  to  any  other  power  of  tbe  distance 
whatever,  direct  or  inverse,  because  you  find,  as  a  matter  of  faO, 
that  as  tbe  distaooe  alters  something  else  alters  tea  If  your  polM 
were  always  of  Uio  same  sbenrth,  if  thaj  did  not  act  oa  ddb 
another,  il  they  were  nob  afieoteiTlra  the  distance  in  between,  tbao 
eome  such  law  miebt  be  stated.  If  we  oould  always  say,  aa  v« 
need  to  say  in  tbe  obi  laogoage,  "at  that  pole,  or  "at  thU 
point,"  there  are  to  1  e  considsred  so  many  "  units  of  magnetism," 
and  ct  that  other  place  so  many  units,  and  thoae  are  going  to  act 
on  one  another ;  then  yon  oonid,  if  you  wished,  calculate  the  fores 
by  the  law  of  inverse  squares.  But  that  does  not  correspond  to 
anything  in  fact,  because  tba  poles  are  not  points,  and,  fnrtbai, 
the  quantity  of  roagoetiam  on  tliem  is  not  a  fixed  quantity,  ii 
soon  aa  tbe  iron  armature  is  brought  near  tbe  pole  of  tbe  edectro- 
magnet  there  is  a  mutoal  intoractioo  ;  more  magnetic  linaa  Bow 
out  from  tbe  pole  than  before,  beoaosB  it  is  oa^r  for  magnetk 
lines  to  flow  through  iron  tban  tjirongh  aii.  Let  us  consider  ■ 
little  mora  nan'owly  that  which  happens  when  a  layer  of  lii  if 
Introduced  into  tbe  magnetic  cironit  of  an  electromagnet.  Hen 
we  have.  Fig.  29,  a  cloaed  magnetic  circuit,  a  ring  of  iron,  oncat, 
anch  as  that  on  which  we  experimented  last  week.  The  only 
reluctance  in  the  path  of  tiie  magnetAC  linei  is  that  of  tbe  iron,  and 
thia  reluctance  we  know  to  be  smalL  Compare  Fig.  SB  witb 
Fig.  30,  which  repreaents  a  divided  ring  with  air  g^ia  ia 
between  the  severed  ends.  Now,  air  &  a  leas  permeable 
medium  for  magnetic  lines  than  Iron  is,  or,  in  other  woids,  it 
offers  a  greater  magnetic  relactanoe.  The  magnetic  permeabilit; 
of  iron  varies,  as  we  know,  both  with  ita  quality  and  with  Clia 


{To  b*  eontinvtd,) 


A  COMPARISON  OP  A  PLATINUM  THERMOMETER 
WITH  SOME  MERCURT  THERMOMETERS  AT  LOW 
TEMPERATURES.* 


[.  ORirriTHS,  * 


,   SIDNKT  OOLIdOB,   OAHBHIDOt. 


The  paper  describes  tbe  mode  of  constructing  an  air-ttgbt  pliti- 
nuiD  thermometer  for  use  at  low  temperatures.  The  thermometer 
was  graduated  by  means  ot  tbe  freeung  and  boiling  points  of 
water,  and  aa  r^ards  intermediate  pointa  Regnault's  detArmina- 
tione  at  the  tetnpetature  and  pressure  of  aqueous  vapour  were 
adopted.  The  precautions  obwrved  in  the  ocmatrnction  ol  tbe 
apparatns,  and  in  the  method  of  observation,  are  described.  Tbe 
thermometer  was  tested  by  comparison  with  a  ntunbor  of  tbonDO- 
met«rs  standardised  at  Kew.  The  carves,  showing  the  result  of 
these  determinations,  are  in  remarkably  cloae  agreemont,  and  wban 
the  observations  were  sufficiently  numerous  tt  appeared  possible  lo 
calibrate  the  bore  as  accnratoly  as  by  the  nsual  more  laborioiu 
process.  The  farther  advantage  of  this  method  is  ^at  thumome- 
ten  can  be  compared  under  tbe  conditions  in  which  they  are  lo  be 

In  a  communication  to  tho  Royal  Society  read  on  Juiie  ISlb, 
1800,  I  described  a  method  of  constructing  and  graduating  plati- 
num thermometers  and  gave  a  t«ble  of  boiling  and  treesiog  pointa 
for  various  substances  lying  between  lOOdeg.  and  GOOdeg.,  dster- 
mined  by  meana  of  these  instrumsnts. 

Subsequent  observations  indicate  that  a  slight  change  appean 
to  be  takioK  place  in  the  readings  of  these  thennomstcn.  1 
attribute  this  (1)  Co  alterations  in  the  glass,  (2)  to  presence  oI 
moisture  in  the  tube— the  asbestos  roll  on  which  the  spiral  w 
wound  being  highly  hygroscoiuo.  I  therefore  decided  toconstract 
a  thermometer  in  which  there  should  be  no  contact  batweo)  tbe 
^laas  and  the  platinum,  and  which  should  be  thoroughly  dry  sod 
hermetically  aeated. 

I  was  unable  to  discover  any  suitable  non-conductor  capable  of 
resisting  high  temperatures ;  bnt  in  anlbraoene  (malting  point 
213d^. )  I  found  a  substance  suii  able  in  every  respect  for  use  at 
low  temperatures.  I  subjected  a  sample  to  severe  teste  and,  up 
to  a  temperature  of  about  130deg.,  found  it  to  be  a  belter  Inaulatar 
than  paraffin. 

The  leads  to  tbe  coil  were  constructed  of  silver,  t^  inner  ooe 
a  rod  and  the  oat«r  a  tube.  Tbe  resistance  of  thve  leads  wu 
about  'ODI  ohm,  and,  theiisfore,  any  change  in  tbe  external  n- 
aiatance,  caussd  by  change  of  tempmtnre,  might  be  disregarded. 
The  silver  leads  approached  to  within  about  lia.  of  the  spinl,  ud 
were  connected  to  it  by  modwately  thick  platinum  wires ;  thui  a 
flow  of  heat  from  the  spiral  to  the  silver  was  diminished.  Ilie 
wire  formiiur  the  coil  was  about  GAin.  in  length,  and  bad  a  diameter 
of  "OOSin.  The  apiral  was  about  2tn.  long,  baving  a  resistance  of 
about  I3'6  ohms  at  Odeg.  C,  and  the  extomaT diameter  irf  the 
covering  tube  was  about  aia.  The  ends  of  the  asbestos  roll  ware 
made  of  greater  diameter  than  the  portion  on  which  tbe  B[riral  wai 
wound,  and  thus  there  was  no  glass  contact.  /Hie  tube  and 
contents  were  heated  up  to  a  temperature  of  several  hnodred 
degrees  and  dried  air  passed  through  it  for  some  hoars.  It  v*a 
then  exhausted  and  the  open  end  placed  under  die  aurface  of 
melted  anthracene,  which  waa  allowed  to  riae  until  nearly  in 
contact  with  tbe  coiL  When  cool,  the  whole  of  the  thermomeUi, 
from  the  apiral  to  the  upper  end  (about  I3iii.),  was  a  solid  mass, 
while  the  apiral  and  asbestos  roll  were  pwfectly  dry  and  in  an 

*  Pkper  read  before  the  British  AssociatJcm, 
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mltnost  TBCaoiu  tpace.  I  have  takea  nearly  600  obaerratioQa  with 
this  thennomoter  and  caonot  detect  any  signs  of  change.  When 
the  lower  part  wtu  undergoing  rapid  changes  in  temperature, 
Ibermo-dectric  eSects  showed  themselvei,  bat  by  reversing  the 
battery  and  »lvanomater  connections  during  each  reading  these 
effecta  ware  Siminated.  A  low-reaiBtance  K^vanonteter  was  iiBed, 
and  the  oarrent,  which  passed  through  the  thermometer  when 
Hetennining  Its  resistance,  did  nob  exceed  one-hundredth  ampere. 
To  illnstrate  the  closenees  of  the  agreement  in  the  resulM  obtained 
at  different  times  I  give  the  following  deter minatione  of  the  re- 
tUtaaoe  at  lOOdeg.  taken  in  the  usual  manner  by  means  of  a 
hypaomeler  with  manometer  attached.  Full  corrections  were 
nukie  in  the  baromatrio  reading,  and  tba'reeutU  reduced  to  lat. 
4Meg. 


temperature  and  pressure  of  aqueous  rapour.  For  this  porposs 
we  ooDstructed  a  large  iron  tank  with  two  plate  glass  sides,  hold- 
ing aboat  16  gallons  of  water,  and  through  two  iKiles  bored  in  the 
bottom,  inserted  two  barometer  tubes,  the  upper  ISln.  of  each 
being  within  the  tank.  One  of  these  was  used  as  a  standard 
barometer,  and  was  prepared  with  great  care,  the  distilled 
mercury,  with  which  it  was  filled,  having  been  boiled  i&  the  tube 
for  more  than  six  bour^.  The  internal  diameter  of  the  tube  was 
14  mm.,  and  the  absence  of  any  meniscus  was  very  marked.  If 
the  level  of  the  surface  of  the  water  in  the  tank.was  below  the  top 
of  the  barometer,  and  the  water  warmed,  the  lablitnation.  ot 
mercury    in    the    vacuous   space    was   observable.     The   seoond 


Chartfl  A,  B,  C,  D,  and  £. 


Tv,t„  Temperatnce.  Beeiatance  (after  corr 

"*"■  D«.  C.  for  temp,  ot  coUs). 

Jaly       28  100  18-2029 

37  100  18203* 

AtigMt  12 100  18-3025 


18-2030 


Tbo  ezpreoilon  for  the  plalini 
B-ia-6219 


4-6811 


temperature jby  this  thermometer 
100,  again  -^°^  =  1-3M2, 


aluoBt  siaotly  agreeing  with  tJie  coefficient  of  the  wire  in  Mr. 
Callsndar^  air  theimometer  (Phil.  Tram.  A.  1887). 

Mr.  O.  M.  Clark,  B.A.  (Sidney  CoU.,  Cambridge),  now  joined 
me  in  the  inraatigation,  and  as  we  proposed  to  use  this  thermo- 
BMtor  for  tbt  asUmtioa  and  gradu^ion  of  meroury  thennometei* 


barometer  was  mode  from  the  same  length  of  tubing  a«  the  first, 
and  communioated  at  its  upper  extremity  with  a  small  flask.  A,  in 
which  was  placed  the  platinum  thermometer. 

Distilled  water  was  boiled  in  vacuo  for  some  hoars,  to  expel  all 
Imcee  of  air.  The  flask  and  barometer  tube  were  then  exhausted 
by  means  of  an  air  pump,  and  the  lower  end  of  the  tube  placed  in 
a  flask,  B,  containing  the  previously  boiled  water,  which  nuhed 
up,  fllling  the  tube  and  flask  A. 

The  water  remaining  in  B  was  then  boiled  until  this  Sask  and 
B  bent  tube  passing  from  it  into  a  bason  of  meroury,  30in. 
beneath,  were  completely  fillod  with  steam,  and,  on  ooolmg,  the 
height  of  mercury  in  the  tube  enabled  ue  to  determine  that  the 
preeeure  on  its  surface  was  that  of  aqueous  vapour  only.  The 
water  in  the  upper  flask  was  thuQ  boiled  for  many  hours,  and  only 
allowed  to  cool  occasionally  to  permit  of  the  water  in  the  lower 
flask  bein^  boiled  away.  To  prevent  acoees  of  air,  the  steam  woe 
driven  offthrongh  the  mercury.  When  the  water  in  flask  A  was 
r«dDaed  to  about  a  tablespoonful,  the  boiling  was  stopped,  and  the 
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leTs!  of  the  meronrjr  wm  niaod  until  it  flowed  back  Gnt  into  fluk 
B,  and  thence  Into  tbs  bBromet«T  tnbe,  m  flask  A  cooled. 

The  opea  end  of  the  barometer  tnbe  waa  then  Baaled,  the  flask 
B  replaced  by  a  amall  onp  of  dry  morcory,  and  the  end  of  the  tube 
opened  below  the  surface.  The  water  ramaining  on  the  top  of  the 
oolumo  wu  driven  back  into  the  fluk  by  ponrii^  hot  wftler  over 
the  tube. 


During  onr  eiperimente,  wat«r  oooasioiULlly  collected  on  the 
mercnrr,  but  by  meani  of  a  coDcave  mirror  it  waa  driven  back  into 
the  flaak  ;  the  mirror  waa  of  oouree  remored  Bome  ttma  before  an 
obaerTalion  waa  taken. 

The  tank,  filled  with  water,  waa  maintained  at  any  required 
temperature  by  means  of  a  gaa  r^ulator.  The  lower  parte  of  the 
barometer  tubea  were  icreened  by  eheeta  of  aabeaUM,  and  tbe  two 
cnpa  were  connected  by  a  email  syphon.  The  elaaa  sides  of  tJie 
tank  were  oovered  with  whi(«  pauer  to  prevent  radiation,  open- 
ings were  left  for  obaervabiona,  during  which  the  water  In  the 
tank  was  kept  in  a  coatmaa]  state  of  agitation  by  the  oscillation 
of  a  laige  peddle  driven  by  a  water  motor.  Tbe  paddle,  fixed  in 
one  coraer  of  the  lid,  swept  acroea  the  tank  dnving  the  water 
before  it  and  lifting  it  at  the  same  time.  We  have  tried  several 
forms  of  stirrers,  and  we  believe  this  to  be  a  more  effective  form 
than  a  scr«iT  or  a  plunger. 

Tbe  difference  in  tbe  beiKht  of  the  mercury  in  the  two  barometer 
tubee  waa  ascertained  by  the  kathetcmeter  O.  33,  in  the  Cavendish 
Laboratory,  and  by  means  of  it  readings  could  be  taken  to  '60  mm. 
Care  was  taken  to  bring  both  levMa  horizontal  brfore  each 
obeervation. 

As  the  coefficient  of  expansion  of  t^e  kathetometer  scale  was 
unknown,  and  the  temperature  of  the  room  nauolly  about  20deg. 
C.,  we  decided  to  compare  it  with  the  standard  scale  R,  whoee  co- 
efficient of  eipaosion  and  scale  errors  had  been  deteimined  by 
the  Standards  Department  of  the  Board  of  Trade.* 

Twenty-one  comparisons  were  made  (greateet  divergence  from 
the  mean  10  mm.],  and  the  result  waa  as  follows :  30035  mm.  on 
kathetometer  scale  at  aodeg.  (=300-35489)  of  Board  of  Trade 
et«Ddard(S.8.)atOdeg. 

Thos  no  scale  correction  was  neoessary. 

The  difference  (D)  of  the  mercury  columns  waa  correctod  for 
tempwature  pressure  of  mercury  vapour  and  latitude,  and  thi 
resulting'        '  '      *"'  '-"  '>-'■■ 


Camelly'e 
The      ' 


'  Meltinfi 


determined,  it  was  only  neceeaary  t«)  "get  points  between 
andeodeg. 

Ninety  observations  were  takon,  and  although  occasional  diver- 
genoee  presented  themselves,  tbe  mean  path  gives  a  curve  whidi 
we  believe  to  be  within  leas  than  '02deg.  of  the  true  path  at  all 
pointa.  It  agrees  closely  with  the  curve  obtained  by  Mr.  Callendar 


KlOO/      100 J' 


by  measuring  one-t«nUi 


from  the  parabola  1  '67 

of  the  ordinate  along  the  abeoissa.i' 

The   following  equation,   however,   represents    its  path  i 
aocorately : 

y=-01S7g5l-'0001991C-)-'000,000,lir5('.  The  curve  itself  \t 
shown  in  Chart  A, 

We  proceeded  to  test  our  conclusions  by  comparison  with  ther- 
mometers standardised  at  Kew.  For  this  purpose  a  rotating 
annular  ring,  through  the  centre  of  which  the  platinum  thermo- 
meter passed,  was  inserted  in  the  lid  of  the  tank  in  suah  a  manner 


'Standard  metre,  verified  June,   1S82,   designated   R   in 
Cbaney's  report. 

+  It  must  be  remembered  that  Callendar's  difference  curves  givee 
the  connection  between  platinum  and  air-thermometer  tempera- 
tures, whilst  Regnxilt  need  a  mercury  thermometer  (M,A.S.XXL), 
and  thus  curve  A  gives  the  relation  between  platiiinm  and 
meronry  thwmometei  temperatorM. 


that  the  mercury  thermometers,  fixed  In  holes  bored  near  its  dr. 
cumference,  could  successively  be  brought  into  the  Geld  gf  view 
of  the  kathetometer  without  any  readjustment  of  the  (eleecops; 
the  thermometers  were  then  read  by  one  obaerver  whilst  Uw 
platinum  reaiatonces  were  taken  by  the  other.  Thefreedng  pointi 
were  not,  however,  determined  oy  this  method,  but  bj  djtta 
immersion  in  powdered  ice,  adopting  tbeprecautiotis  recommeDdsd 
by  Guillaume  m  bis  Thermometrie  de  Precision. 

The  following  curves  were  then   drawn,   which  indicate  t^e 
result  of  the  comparison  of  onr  platin™  'i—— ">"-*=-  "•!■  •!■— - 


standardised  at 

Thermometer. 
Kew  No. 

76148  

76H9  


n  tbecmometer  with  Uums 


All  these  ^enuometers  n 


October,  1888. 
October,  1SB8. 
May,  1885. 

Uw}.,  1880;  Jan.,  IBS2 ;  April, ISgB, 
I  made  by  Hicks,  the  first  three  wut 
kindlv  placed  at  our  disposal  by  Mr.  R.  T.  Gloiebrook,  the  Unt  ii 
one  of  those  referred  to  by  Mr.  W.  N.  Shaw  in  a  commuucalian 
to  the  B,A-  during  the  Bath  session,  the  snoceasive  curves  of 
which,  then  exhibited  by  him,  he  has  kindly  allowed  us  to  copv. 
In  tiiese  diagrams  the  abscissa  represent  the  temperature,  in  tu 
strong  curves,  that  obtained  by  us,  and  in  tbe  faint,  that  obuined 
by  Kew  ;  the  ordinatee  in  each  case  twing  the  divergence  ot  the 
actual  readings  from  these  reanlts.  Where  crosses  occur  at  shnot 
identical  temperatures  they  indicate  observations  aeporsted  by  ■ 
considerable  interval  of  time— in  no  cose  did  leea  thui  20  minuUi 
"apse,  whOit  in  others  several  days. 

Three  only  of  our  observations  are  unreoorded  on  these  charts, 
and  in  each  case,  owing  to  imperfect  light,  interruptions,  etc, 
these  experiment*  ware  r^ardea  aa  doubuul  before  their  reeulu 
were  deduced. 

The  gradual  rise  of  the  zero  point  is  clearly  indicated ;  apparent 
discrepancies  are  probably  dae  to  tbe  fact  lliat  the  Kew  ddermiiU' 
tiona  are  leea  frequent  than  ours,  and  as  a  eonseqaenoe  man;  d 
the  smaller  deviations  have  escaped  notice. 
The  results  show  ; 

1.  That  thennometera  whose  range  does  not  include  Odeg.  tni 
lOOd^.,  may  have  oertein  fixed  pointe  determined  by  thii 
melh^ 

2.  That  an  actual  calibration  of  a  metoury  thermometer  can  sin 
be  readily  aooompliehed. 

3.  Iliat  the  platinum  thermometer,  properly  oonstnicted,  nij 
serve  aa  a  standard  by  which  to  trace  the  changes  which  may  take 
place  in  mercury  thermometers. 

4.  That  since  the  readinKS  of  the  platinum  Uiencometei-  are 
independent  of  the  extent  ot  tbe  atem-immeraion,  it  can  be  con- 
veniently employed  for  the  graduation  of  thermometers  partisllj' 
immersed,  as  in  ordinary  use. 

During  the  past  few  days 

mometers  by  tl' '-^ 

satiafactory  In  a 


SECONDABT   CELLS.* 


Soon  after  the  introduction  of  M  Fsure'i 
cells  into  ihia  country  I  waa  fortunate  enoutth  to  beoome  possessed 
of  one,  which  for  a  time  gave  excellent  reeulte,  but  it  so  happened 
I  had  to  go  away  frem  home  for  six  months,  and  on  my  return  I 
found  the  cell  would  no  longer  work  satisfactorily,  and  had  become 
veiy  inefficient. 

To  find  out  the  cause  of  this  I  removed  the  plates  from  their 
felt  envelopes,  and  found  that  they  were  parti^fy  covered  witJi  t 
white  bard  sulphate  of  lead,  which  I  was  unable  again  to  reduce. 
I  also  found  that  it  had  eaten  into  the  supporting  plates,  and  that 
there  was  a  thin  film  of  white  sulphate  between  theee  platea  and 
tbe  active  material,  which  practioally  acted  as  a  non-o(wdnetor. 
This  seemed  to  me  such  a  serious  defect  that  I  determined  if  pota- 
ble to  find  out  a  remedy,  and,  after  numberlees  ineOiectaal  attempts, 
I  at  last  found  out  that  if  a  small  quantity  of  carbonate  of  sodswu 
added  to  the  dilute  acid,  it  not  only  allowed  the  existing  fulphsle 
to  be  again  reduced,  but  it  also  prevented  the  formation  itrfBtue 
of  thebard  white  intractable  sulphate,  even  if  theeella  were  allowed 
to  stand  idle  for  any  length  of  time.  I  have  allowed  platss  te 
remain  idle  in  this  solution  for  more  than  18  montlis  wiUiout  the 
slightest  trace  of  white  sulphate  appearing.  Five  years  sge  next 
Ctuistmss,  a  small  installation  consisting  <M  22  £LP.S.  350  ampera- 
hour  cells  was  fitted  up  for  me,  and  it  so  happened  that  the 
dilute  acid  wae,by  mistake,  put  into.theaccnuulatbraac<mstdei»bls 
time  before  the  engine  was  ready  to  run,  by  which  time  Um 
plates  showed  signs  of  snlphating,  and  as  I  had  only  a  smsD 
current  of  10  amperes  at  my  disposal,  I  wasnot  ableag^tobrinit 
the  plates  to  their  proper  state,  and  the  snlphating  brcame  wdtm 
and  worse,  till  all  the  platea  presented  a  dull  Rrey  appearance.  I 
showed  them  to  several  electrical  experte,  and  tbe  opinioo  «** 
that  they  were  ruined,  and  the  only  sugveeticn  was  that  I  should 
pass  a  heavy  current  for  a  long  tinte  through  the  cells.    This  I 

unable  to  do  with  the  power  at  my  disposal,  but  I  p '  * 

ent   of    10  amperes  continue — '~  '' ""  '' ' — 

without  the  ijightest  apparent  r 


*  Paper  nod  before  Um  British 
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WM  hopelesB)  I  then  determined  to  try  the  carbonate  of  Boda 
which  ihad  oaed  on  a  small  scale  some  years  previously  on  the 
Faure  oeU.  I  was  told  that  I  shonld  probably  min  the  cell,  so  I 
began  cautiously.  Into  one  cell  out  of  the  22  I  put  a  small 
quantity  of  carbonate  of  soda  (ordinary  washing  soda),  and  I  then 
went  on  charging  as  before,  and  before  many  hours  had  elapsed 
I  was  delighted  to  see  that  the  plates  in  the  cell,  to  which 
carbonate  of  soda  had  been  added,  were  beginning  to  assume  their 
proper  appearance,  the  positive  plates  becoming  a  very  dark 
brown  peroxide,  and  the  negative  plates  a  clear  metallic  lead, 
which  was  a  great  contrast  to  the  uniform  dull  grey  appearance  of 
all  the  plates  in  the  other  cells.  As  soon  as  I  was  convinced  that 
the  treatment  with  carbonate  of  soda  was  satisfactory,  I  added  it 
to  all  the  other  cells,  with  the  result  that  in  a  short  time 
every  trace  of  the  formerly  intractable  white  sulphate  dis- 
appeared, and  the  cells  presented  a  beautiful  appearance.  It  is 
now  nearly  five  years  smce  the  cells  were  thus  treated,  and 
they  have  never  shown  signs  of  sulphatine,  and  are  apparently  in 
as  good  condition  now  as  when  new.  I  was  so  much  impressed 
with  the  use  of  carbonate  of  soda  to  prevent  sulphating  of  the 
plates  that  I  brought  the  matter  before  Mr.  Preeoe,  ana  he  very 
kindly  came  to  look  at  the  cells,  and  afterwards  carried  out  a  most 
careful  series  of  experiments  to  determine  the  value  or  otherwise 
of  using  sulphate  of  soda  in  secondary  cells.  The  results  of  these 
experiments  are,  I  believe,  weU  known,  and  have  been  published, 
and  the  exact  amount  of  carbonate  of  soda  which  it  is  desirable  to 
use  has  been  determined  ;  it  is  only  necessary  to  use  a  very  small 
quantity  to  effect  the  desired  purpose.  If  much  is  used  it  is  of  no 
advantage,  and  may  tend  to  cause  scaling  of  the  plates.  Now 
that  is  no  longer  necessary  to  pass  a  heavy  current  through  cells 
to  prevent  sulphating,  it  appears  to  me  that  it  would  be  much 
more  satislaotorv  to  use  larger  cells  for  stationary  work,  and  both 
charge  and  discharge  them  at  a  considerably  lower  rate  than  at 
present  reoonmiended,  thereby  enormously  increasing  the  life  and 
efficiency  of  the  cells,  and  leaving  a  large  surplus  of  energy  in  case 
of  emergency.  My  own  cells  have  been  treated  in  this  way,  and  I 
cannot  see  that  they  have  in  any  way  deteriorated  after  nearly  five 
vears'  use.  If  the  plates  are  kept  free  from  sulphate  they  may  be 
bent  to  a  considerable  extent  without  suffering  any  damage,  and 
if  the  grids  are  made  of  pure  soft  lead  they  may  be  readily 
straightened  again.  Certainly,  my  experience  leads  me  to  recom- 
mend  the  use  of  soft  lead  gricui  in  preference  to  those  of  a  hard  and 
brittle  alloy.  I  oonsider  that  burning  the  lugs  together  is  the 
most  satisfactory  way  of  connecting  up  the  cells,  out  if  brass 
screws  and  nuts  are  used  they  can  be  greatly  protected  by  pressing 
■ome  lead  foil  over  and  around  them ;  this  will  keep  off  any  acia 
spray  which  might  reach  them  while  the  cells  are  being  charged, 
and  should  any  of  the  brass  connections  become  corroded  I  have 
found  that  they  can  be  effeotuidly  cleaned  without  trouble  by 
immersing  them  for  a  time  in  a  solution  of  carbonate  of  soda, 
and  then  washing  them  thoroughly  in  pure  water.  If  it  is 
desired  to  use  separators  between  the  plates,  a  very  simple  and 
cheap  way  to  make  them  is  to  use  perforated  porous  paper  which 
has  been  saturated  in  melted  paraffin  wax ;  this  stands  well  in 
dilute  acid,  and  I  have  some  which  have  been  in  use  for  several 
years. 

Although  secondary  batteries  are  now  undoubtedly  very  efficient 
when  carefully  used  for  stationary  purposes,  it  appears  to  me  that 
as  at  present  constructed  they  wUl  not  stand  for  any  long  period 
the  wear  and  tear,  shfUun?  and  washing  of  the  liquid  against  the 
active  material  to  which  they  must  be  subjected  when  used  for 
traction  purposes ;  at  least,  such  is  the  impression  left  on  my 
mind  after  inspecting  cells  which  have  been  used  for  even  a  short 
time ;  some  of  the  plates  generally  soon  show  signs  of  buckling, 
and  the  bottom  of  the  ceUs  became  covered  with  disintegrated 

rLrtidee  of  the  active  material,  which  forms  a  sort  of  mud. 
have  endeavoured  to  overcome  these  defects  by  packing  the 
plates  in  a  solid  though  porous  mass  of  plaster  of  raris  mixed 
with  sawdust,  and  for  three  months  a  battery  of  96  cells  thus 

Srepared  was  successfully  running  a  tramcar  at  Canning  Town  and 
oing  the  same  work  as  the  other  cars.  However,  at  the  end  of  this 
time  the  management  passed  into  other  hands,  and  I  hear  that 
the  oellfl  have  been  taken  to  pieces,  as  they  were  not  giving  satis- 
faction, so  for  the  present  tnis  experiment  has  come  to  an  end, 
and  is  apparently  a  failure,  but  I  nave  not  given  up  hopes  that 
some  modification  of  this  plan  may  be  successful,  as  for  a  time  the 
working  was  very  satisfactoiy.  Tne  proportion  of  plaster  of  Paris 
used  in  this  experiment  was  two  of  pUster  of  Paris  to  one  of  saw- 
dust, but  I  think  the  plaster  of  Paris  was  not  pure,  and  its  pro- 
portion was  too  sreat.  I  am  now  using  a  set  of  22  Elwell-Parker 
cells,  in  which  the  proportion  is  two  and  a  half  of  sawdust  to  one 
of  plaster  of  Paris.  The  way  I  prepare  the  cells  is  to  mix  the 
plaster  of  Paris  and  sawdust  intimately  together  in  a  dry  state, 
and  fiU  in  the  spaces  between  the  plates  with  this  mixture.  I 
then  pour  in  gently  some  dilute  sulpnuric  acid  to  which  a  little 
carbonate  of  soda  has  been  added,  when  the  whole  sets  into  a 
compact  porous  mass.  After  a  time  I  pour  in  the  electrolyte  till 
it  stands  above  the  level  of  the  tops  of  the  plates,  and  it  will  be 
found  that  the  oeUs  will  contain  nearly  as  much  liquid  as  if  no 
porous  material  were  used. 

Last  autumn  I  used  a  set  of  these  cells  in  conjunction  with  a 
turbine  and  dynamo,  and  although  they  were  last  charged  in 
November,  I  found  on  my  return  Uiis  year  in  June  that  they  still 
retained  the  charge  well  after  seven  months*  rest,  and  burnt  the 
lampe  bri|^tly,  the  E.M.F.  of  each  cell  being  just  under  two  volte. 
Although  in  my  experiments  I  have  used  pUster  of  Paris  to  insu- 
late the  particles  of  sawdust  from  each  other,  and  to  give  sta- 
bility to  the  porous  mass,  I  have  tried  many  other  substances,  both 
soluble  and  insoluble,  mixed  with  it,  but  sawdust  appears  to 
net  as  well  ^B  anything  which  ]  have  yet  tned,  %qd  \t  l^  the 


advantage  of  being  cheap,  and  easily  procurable.  This  method 
of  treating  the  cells  would  appear  to  be  of  no  advantage  in 
stationary  work  for  electric  llgnting  purposes,  and  would  indeed 
be  a  distinct  disadvantage,  as  owing  to  the  want  of  free  circulation 
of  the  liquid,  the  E.M.F  falls  more  rapidly  under  a  long-continued 
heavy  discharge,  but  it  immediately  recovers  with  a  thort  interval 
of  rest,  and,  in  practice,  these  intervals  are  constantly  occurring 
in  electric  traction,  when  the  car  stops  to  take  up  and  set  down 
passengers,  and  with  cells  treated  in  this  way  the  vibration  and 
shaking  of  the  car  is  a  positive  advantage,  as  it  facilitates  the 
circulation  of  the  electrolyte,  and  tends  to  liberate  any  occluded 
gases.  The  defect  of  this  arrangement  would  appear  to  be  that  it 
must  hinder  the  free  circulation  of  the  liquid  ana  also  add  to  the 
internal  resistance  of  the  cell,  whilst,    on  the  other  hand,  it 

grevents  the  plates  from  buckling,  retains  the  active  material 
rmly  in  its  place,  preserves  the  plates  from  injury,  and  makes 
the  cell  very  portable.  I  have  ventured  to  mention  this  crude 
experiment  in  the  hope  that  it  m%y  induce  someone  to  produce  a 
thoroughly  practical  cell  for  traction  purposes  which  will  stand 
rough  usage  and  be  free  from  the  defects  which  at  present  exist. 

&  reg^s  the  use  of  carbonate  of  soda  in  secondary  cells,  a 
case  has  just  been  brought  to  my  notice  which  appears  worthy  of 
mention.  I  am  told  that  at  the  Central  News  omce,  Ludgate-hill, 
28L  13  cells  had  been  lying  dry  and  idle  for  upwards  of  two  years, 
and  each  plate  was  encrusted  with  hutl  white  sulphate ;  with 
ordinary  dilute  sulphuric  acid  and  a  charging  current  of  10  to  15 
amperes  no  difference  was  seen  after  two  charges  of  eight  hours 
per  day ;  after  adding  about  half  a  pint  of  strong  carbonate  of 
soda  solution  to  the  dilute  sulphuric  acid  in  the  cells  and  doing 
the  same  electrical  work  as  before,  the  plates  were  observed  to 
change  colour  in  a  few  hours,  and  in  a  few  days  each  of  the  cells 

? resented  a  beautiful  appearance,  not  a  single  plate  buckled,  and 
am  told  that  the  battery  is  working  perfectly  now.  This  entirely 
confirms  my  experience.  After  plates  have  been  brought  to  a  good 
condition  by  tne  use  of  carbonate  of  soda,  the  ordinary  dilute 
sulphuric  acid  may  be  substituted  for  the  mixed  electrolyte  if 
the  cells  are  to  be  used  for  continuous  work  ;  but  I  believe  a  small 
amount  of  sodium  salt  is  always  beneficial.  It,  however,  only 
becomes  a  necessity  where  cells  have  to  stand  idle  for  long  periods. 


COMPANIES'  REPORTS. 


WESTMINSTER  ELECTRIC  SUPPLY  CORPORATION, 

LIMITED. 

Report  of  the  Board  of  Directors  to  the  ordinary  general  meeting 
of  shareholders,  to  be  held  on  Wednesday,  Nov.  6,  1890. 

Directors :  The  Right  Honourable  Lord  Suffield,  K.C.B., 
Edmund  Boulnois,  Esq.,  M.P.,  W.  Hayes  Fisher,  Esq.,  M.P.,  Sir 
Douglas  Galton,K.C.B.,  F,R.S.,  M.I.E.E.,  J.  Browne  Martin» 
Esq.,  James  Heslop  Powell,  Esq.,  Roger  W.  Wallace,  Esq. 
General  Manager :  Captain  Edmund  L  Bax.  Engineer-in-Chief : 
Prof.  Alex.  B.  W.  Kennedy,  F.R.S.,  M.LC.E.  Secretary :  Frank 
laeo,  Esc^. 

In  making  their  report  to  the  shareholders  the  Board  are  pleased 
to  be  able  to  state  that  the  affairs  of  the  Corporation  are  proceed* 
ing  in  a  rapid  and  satisfactory  manner.  The  first  work  which 
claimed  their  attention  after  the  allotment  of  the  shares  was  that  of 
obtaining  suitable  sites  for  central  stations,  three  of  which  were 
required  for  the  supply  of  the  district  which  had  been  allotted  to 
the  Corporation.  In  January  last  the  Board  acquired  the  under- 
taking of  the  City  of  Westminster  Electrical  Syndicate,  Limited, 
who  had  commenced  business  iu  the  district,  and  thereby  obtained 
possession  of  St.  John's  Wharf,  Millbank-street,  and  also  of  the 
contract  for  electric  lighting  in  the  Houses  of  Parliament.  After 
considerable  trouble  and  delay,  the  Board  succeeded  in  obtaining 
two  other  eligible  sites,  one  in  Eodestoo- place,  l^lgravia,  and  the 
other  in  Davies-street,  Mayfair,  both  being  on  the  Duke  of  West- 
minster's estate.  Pending  the  installation  of  the  large  central 
stations,  current  has  been  supplied  from  two  temporary  stations^ 
one  in  the  stoneyard  adjacent  to  the  Houses  of  Parliament, 
and  the  other  in  Dacre-street,  Victoria-street.  By  means  of 
these  temporary  stations  the  nucleus  of  a  j^ood  business  haa  been 
formed,  and  at  the  present  time  current  is  being  supplied'  from 
underground  mains  equivalent  to  about  6,000  eight-c.p.  lamps  on 
cirouit.  The  demand  for  current  already  far  exceeds  the  amount 
which  can  be  generated  from  the  plant  in  actual  work,  but  the  new 
station  at  St.  John's  Wharf  is  now  running,  and  able  to  take  over 
the  work  in  the  Westminster  district,  and  allow  the  Dacre-street 
plant  to  supply  as  far  as  Belgrave-square,  pending  the  completion 
of  the  Eocleston-place  station.  The  installations  in  Mayfair  and 
Belgraviaare  rapidly  advancing.  The  mains  have  been  laid  in 
many  of  the  principal  streets,  and  are  being  laid  as  quickly 
as  possible  in  the  others,  and  the  Board  hope  that  current 
will  be  supplied  from  both  these  stations  early  in  the  new  year. 
The  Board  have  ordered  plant — viss.,  engines,  boilers,  dynamos, 
batteries,  etc. — to  the  amount  of  about  2,600  i.h.p.  for  the  three 
stations,  a  large  part  of  which  has  already  been  delivered.  This  will 
be  sufficient  to  supply  about  40,000  8-c.p.  lamps  alight  at  one  time^ 
allowing  an  ample  marein  for  steam  power  in  reserve.  Aooording 
to  present  experience  this  will  correspond  to  upwards  of  100,000 
8-c.p.  lamps  on  circuit.  The  system  of  distribution  adopted  is  the 
low -tension  continuous  currents  The  mains  already  laid  are  shown 
on  maps,  which  can  be  seen  at  the  (\>rporation's  offices,  and 
amount  in  all  to  nearly  11  miles,  and  permission  has  already  been 
obtained  from  the  authorities  for  the  whole  system  of  proposed 
mains,    The  financial  year  ends  OQ  December  31,  vi4  th^  apoounta 
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will  be  made  up  aod  audited  to  that  date,  and  the  Board  recom- 
mend that  in  future  the  annual  general  meetin^r  of  the  share- 
holders should  be  held  in  the  month  of  February,  when  the 
aooonnte  would  be  ready  for  presentation. 


NEW  COMPANIES  REGISTERED. 


BrUUb,  fnwilaf^l  Wire  CempMiy.Lliiifted.— Registered  by  T.  T. 
Hull,  22,  Chanoery-Une,  W.C.,  with  a  capital  of  £00,000,  in  £5 
shares.  Object:  to  purchase  or  otherwise  acauire  any  patents, 
brerets  d'inyention,  licenses,  concessions,  and  tne  like,  conferring 
an  exclusive  or  non-exclusive  or  limited  right  to  use  any  inven- 
tiODS  capable  of  being  used  in  the  manufacture  of  wire  and  wire 
ropes  and  cables,  or  any  other  invention  which  may  seem  to  the 
Company  capable  of  being  profitably  dealt  with.  The  first  sub- 
scribers are: 

Shares 

J.  B.  Atherton,  Mayfield,  Huyton,  Lancashire 

J.  Atherton,  Eldon  House,  Huyton,  Lancashire    

T.  P.  Hewitt,  Ecdeston  Park,  Prescot 

8.  H.  Hartley,  Eocleston  Park.  Prescot  

W.  M.  Brigg,  Hawkestuoe,  Keigbley  

J.  H.  Dodo,  53,  North  John -str-eet,  Liverpool   


J.  Beckett,*  Longview,  Huyton 

There  shall  not  be  less  than  three  nor  more  than  seven  Directors ; 
the  first  to  be  appointed  by  the  subscribers  to  the  memorandum 
of  association.  Oualification  not  specified.  Remuneration,  £200, 
aod  10  per  cent,  of  net  profits  after  10  per  cent,  dividend. 


Brltteh  mad  Foreign  Patents  Pnreliaae  and  Derelopment 
Conpany,  LImitsd.  - -Registered  by  Henry  Graen,  Bedford-row- 
chambers,  W.C,  with  a  ciipiLul  of  1*2,000  in  £1  shares.  Object :  to 
purchase  British,  foreign,  and  colonial  patents.  Most  of  the 
articles  of  Table  A  apply. 

Beetro  ■  CUmnleal  Sjmdieaie,  Mmlted. — Registered  with  a 
capital  of  £5,000  in  £1  shares. 


CIiY    NOTES. 


BnuritUui  Submarine  Telegimpli  Company.— The  receipts  of 
Uiis  Company  for  the  past  week  amounted  to  £4,834. 

Stoetrieal  Bnglneering  Corporation. — Mr.  Carl  von  Buch,  of 
Messrs.  Foote  and  Von  Buch,  11,  Queen  Victoria-street,  has  joined 
the  Board. 

Sonth  of  England  Tetoplione  Company. —The  Directors  have 
declared  a  dividend  at  the  rate  of  6  per  cent,  per  annum  on  the 
proferenoe  shares  for  the  half-year  ending  31st  inst. 

Inda-Bnropenn  Teiagrapli  Company. — The  Directors  have 
declared  an  interim  dividend  for  the  half-year  ended  June  30  at 
the  rate  of  6  per  cent,  per  annum,  tax  free,  payable  on  Nov.  1. 

Wealem  and  Bnudllan  Telegrapli  Company,  Limited.— The 
teafflo  receipts  of  this  Company  for  the  past  week  after  deducting 
the  fifth  payable  to  the  London  Platino-Brazilian  Company,  were 
£8,742. 

MOntoiideo  Telephone  Company,  lamited. — The  report  of 
the  Directors  for  the  year  ending  July  31  last  shows  a  gross  profit 
of  £10,301.  Off  this  sum  there  has  been  written  £114  for  pre- 
liminary expenses,  etc.,  leaving  £10,167,  and  making,  with  the 
balance  from  last  year,  a  total  of  £10,492.  The  Directors  recom- 
mend rhe  full  dividend  of  6  per  cent,  on  the  preference  shares, 
also  that  £1,000  be  added  to  the  depreciation  fund,  and  that  the 
babmee,  £1,184,  be  carried  forward. 


PROVISIONAL  PATENTS,  1890. 


Ootobbb20. 

16081.  A  awlMli  Cor  interolianglng  oonatant  enrrent  dynamoa 
witliomt  breaking  tlie  eonttnnity  of  the  olronlt  on  to 
wliioli  tliey  are  to  work.  George  Septimus  Hooker,  Glen 
View,  Oldfield  Park,  Bath. 

10003.  Improvement*  in  apparatna  for  meaanrtng  tbe  strength 
«f  eleotrlo  onrrenta.  Stanley  Charles  Cuthbert  Currie, 
323,  High  Holborn,  London.    (Complete specification.) 

10076.  Improvemeata  In  water  motora  and  In  dynamo  maoblnoa 
to  be  drfyan  by  aame.  Wilhebn  Charles  Fischer,  55, 
Chancery-lane,  London. 

OcrroBKR  21. 

10717.  ImproTomenta  In  eleetrloally  BignaUIng  in  minea  and  In 
npparatna  tkarefor.  William  Cairns  and  Alexander 
Ferrie  Mabon,  02,  St.  Vincent-street,  Glasgow. 

10747.  Improyamenta  In  tlie  mannlhetnre  of  eleetrloal  Insn- 
lattng  mafeorlala.  James  Raper  Thame,  17,  Godolphin- 
road,  Shepherd's  Bush,  London 

10762.  ImprovwmeBta  In  eleetrleal  awltohea.  Thomas  Reginald 
Andrews  and  Thomas  Preeoe,  Sunbridge-chambers,  Brad- 
ford. 

10792.  An  Improved  amuigement  of  regulating  deyioe  for 
«leetrto  are  lamps.  Albert  de  Poyat,  45,  Southampton- 
buildings,  London. 


Ociobxb22. 

10800.  Imprewemeata  In  eieetile  Manl 

parataa  far  ierglag  maelilnee     George  Dexter  Burton, 

52,  Chancery-Uoe,  London.    (Complete  specification  ) 
10811.  The  ImprevaoMnt  ef  awttehbenrds  Itar  tha  regnlallen 

and    oontrel    ef  Olaetrteal  earronta.      Perdval   Gerard 

Pochin,  13,  Ranmoor-park,  SheflSeld. 
10835.  An  Improved  Oieetrteal  oandnoter  far  fitting  In  mlas 

ahafta  and  nndergrennd  hanlage  reada  far  elactrteal 

BlgnalUng  pnrpoaea.    Wm.  Cairns  and  Alexander  Ferrie 

Mabon,  10,  West  Campbell-street,  Glasgow. 
1<^S37.  Improrementa  in  the  mannfhetnre,  eonatmeHen,  and 

bnllding  up  of  aeoondary  battery  elamenta,  aleetredes. 

or  platea.    Jerrold  £.  Douglass,  37,  Wilmington-square, 

London. 
10844.  An  Improvement  In  the  eenatmetlen  ef  aeenmnlatoni  er 

aeoondary  batterlea.     Henry  Weymersch,  10,  Moorgate- 

street,  London. 
10847.  An  Improved  eieetrle  awlteh.     William  Lownds,  EllkiU 

Emanuel,  and  Joseph  Wood,  Fairlawn  Perk,  Chiswick. 

October  23. 

0889.  XmproremenU  In  eiaetromoton.  Rankin  Kennedy,  10^ 
India-street,  Kilmarnock.    (Complete  specification.) 

10934.  A  new  elaetrle  haUary.  Michel  Azapis,  55,  Chancery- 
lane,  London. 

10958.  A  method  of  and  apparatoa  ftor  algnaning  1^  means  sf 
eieetrlelty.  John  Annan  Bryoe,  Norfolk  House,  Norfolk- 
street,  London. 

October  24. 

10903.  Improved  maana  of  plaelng  eeadveton  ffsr  Olaetrieity 
nndergrennd.  Wilson  Hartnell,  8,  Blenheim-terrace, 
Leeds. 

17018.  Improved  Jolnta  or  eonneetora  Car  nnltlng  wlrea  er 
eablea.  temporarily  or  otherwise,  for  eleetrleal  er  othar 
pnrpoaea.  William  Bishop,  09,  Oakfield-roud,  Stroud 
Green,  London. 

October  25. 

17035.  ImproTomenta  in  eleotrlolty  metera.  John  Lea,  5,  Aber- 
deen-terrace, St.  James'  End,  Northampton. 

17002.  Improved  eleetrie  awlteh.  John  Pitt  Bi^ly,  18,  Fulham- 
pUoe,  Paddington,  London.  (Charles  Herrick,  United 
States.) 

17003.  An  improved  eleetrie  lamphoidar  and  awlteh  oenablaed. 
John  Pitt  Bayly,  18,  Fulham-plaoe,  Paddington,  London. 
(Charles  Herrick,  United  States. ) 

17108.  Improvemanta  in  dynaa^^leetrie  maOhlnea.  George 
Pitt,  24,  Southampton-buildings,  London.  (Ren^  Thury, 
Switzerland.) 


SPECIFICATIONS  PUBLISHED 

1889. 

15903.  Xleotrodea  for  eleetrleal  hatterlea.    Schoop.    Od. 

17205.  Ohtalnlng  line  by  eleetrolysla.     Elmore.     4d. 

17521.  IMatribntion,  ete.,  of  eleotrlo  onrrenta.    Clark  (Sohockert 

and  Co.).     lid. 
17581.  Begnlatlng.  ate.,  eleotrlo  onrrenta.    Joel.    8d« 

17052.  ■leetrle  are  lamps.     Rider.    Od. 

18028.  Kleetrlo  aeonmnlatora.    De  Pass  (Society  Jaoqaet  Freree.) 

8d. 
18520.  TranamlttingtelegraphiealgnalB.     Lake  (Field).     8d. 

1890. 

941.  IBleetrio  tramwaya  and  tramoara.      Lineff  and    Bayley. 

( Reprints  with  alterations. )    1  Id. 
3109.  Sleetro-heating  apparatna.    Carpenter.    8d. 
9780.  Xleotrle  raUway  algnala.    Smith  and  Fox.    8d. 
11450.  Phonographa.    Magenis  aod  Richmond.    8d. 
11009.  Phonographa, ete.    W.  S.  G.  and  W.  a  G.  EUiott.    Is  Id. 
12532.  Kleetrlo  aro  lighting.     Pitt  (Sautter,  Harle  and  Co. ).     8d . 
13035.  Kleotrio  welding.     Thompson  (Coffin).     Od. 
13030.  Eleotrlo  welding.    Thompson  (Coffin).     Od. 
13802.  Xleotrieal  meaanrlng  Inatmmenta.     Walker.     8d. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brush  

—  Pref.    

India  Rubher,  Gntta  Percha  k  Telegraph  Co 

House-to-HoQse 

Metropolitan  Electric  Supply   

London  Electric  Snpply    

Swan  United    

Grompton  k  Co.,  Pref.  

National  Telephone    

Bleotrio  Oonstmction 


Price 

Paid. 

WedDM 

day 
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NOTES. 


St.  Saviour's  Board  of  Works.— The  Board  have 
consented  to  the  Brush  Company  applying  for  a  provisional 
order. 

Alaminiam  Drom  Clay.— Mr.  J.  M.  Hirsch,  of 
Chicago,  says  he  is  now  turning  out  over  3001b.  of 
aluminium  (from  clay)  per  diem. 

Book  Rooeivod.— <'  Electric  Light,  its  Production  and 
Use,"  fourth  edition,  revised  and  with  additions,  by  J.  W. 
Urquhart  (Crosby  Lockwood  and  Son). 

Award. — ^A  gold  medal  has  been  awarded  to  Messrs. 
Lacombe  and  Co.  for  their  carbon  exhibit  in  the  French 
electrical  section  of  the  late  Edinburgh  Exhibition. 

meotro-HarmoBio  Sooiety. — We  may  remind  our 
readers  that  a  capital  programme  awaits  them  at  the  smoking 
concert  in  the  banquet-room  of  St.  James's  Hall  at  eight 
this  evening. 

Beywood  (Lanos.).— The  Town  Council  will  not  con- 
sent to  applications  for  orders  by  Messrs.  Latimer  Clark, 
Muirhead,  and  Co.,  and  the  Electric  Construction  and 
Maintenance  Company. 

Gas  Snginos. — "  Don't  place  your  pressure  bags  below 
the  floor  "  is  the  moral  to  be  deduced  from  an  explosion 
which  took  place  last  week  at  the  Edinburgh  Exhibition, 
with  the  result  of  causing  a  small  fire. 

Klootrio  UflrktinfiT  for  CoUieries.— It  is  said  that 
the  Fife  Coal  Company  have  arranged  for  the  introduction 
of  the  electric  light  into  their  pits  at  Leven,  the  lamps 
to  be  placed  15  yards  apart  along  the  roads. 

Bleotrioal  Omnibuses.— Mr.  Radcliffe  Ward  hopes 
to  have  his  buses  running  early  in  the  new  year,  in  spite  of 
the  delays  and  difficulties  to  which  the  company  have  been 
put  in  the  matter  of  obtaining  a  site  for  their  depot. 

Now  SMp.— The  "Amra,"  built  by  the  Ailsa  Ship- 
building (Company,  of  Troon,  for  the  British  India  Steam 
Navigation  Company,  has  just  run  her  trials,  with  the  result 
of  attaining  a  mean  speed  of  128  knots.  She  is  lighted 
electrically. 

Sweden  and  Telephony.— The  Swedish  Telephone 
Management  has  devoted  1,600  kronen  towards  the  expenses 
of  sending  an  expert  to  visit  Holland,  England,  and 
America  with  the  view  of  ascertaining  the  latest  improve- 
ments made  there  in  telephony. 

Bury  (Lanes.). — ^A  committee  of  the  Town  Council  is 
making  enquiries  as  to  what  demand  there  is  for  electric 
lights  in  the  compulsory  area.  They  are  to  report  as  to 
the  advisability  or  otherwise  of  the  Council  executing  the 
necessary  works  for  supplying  electric  light. 

Frankfort-on-Main  Eachibition.— A  congress  is  to 
be  held  in  connection  with  this  exhibition,  and  Herr  Werner 
Siemens  will  be  asked  to  occupy  the  presidential  chair. 
Herr  Yon  Stephan,  of  Berlin,  has  accepted  the  chairmanship 
of  the  Oiganising  Committee  of  the  exhibition. 

The  Chemioal  Union.— This  long-talked-of  union  of 
chemical  manufacturers  has  been  registered  under  the  title 
of  the  United  Alkali  Company,  Limited.  Some  particulars, 
from  which  it  will  be  seen  that  the  new  concern  is  of  an 
omnium-gatherum  nature,  will  be  found  in  another  column. 

Bdlnbnrgh. — A  sub-committee  of  the  Lord  Provost's 
Committee  of  the  Edinburgh  Town  Council,  have  agreed 
upon  the  compulsory  area  of  the  city  for  the  purposes  of 
electric  lighting,  and  adjust.ed  the  necessary  parliamentary 


notices  in  connection  with  the  application  for  a  provisional 
order. 

Eleotrio  Tramway  between  Lytham  and  Black- 
pool.— A  proposal  is  now  on  foot  to  construct  an  electric 
tramway  from  Lytham  to  Blackpool.  The  subject  has  been 
under  consideration  by  the  General  Pmrposes  Committee 
of  Blackpool  Corporation;  and  details  have  also  been 
furnished  to  the  Lytham  Commissioners. 

Ireland. — The  Ennis  Gas  Consumers'  Company  have 
been  prosecuted  for  substituting  smaller  burners  on  five  of 
the  public  lamps  than  were  contracted  for,  thereby  reducing 
the  light  afforded.  Yerily  town  authorities  seem  to  be 
waking  up  and  insisting  on  having  the  whole  light  and 
nothing  but  the  light  they  contracted  for. 

The  Cable  to  the  Asores.  —  A  telegram  to  the 
Morning  Post,  dated  Lisbon  Tuesday,  says :  ''  It  is  reported 
that  the  Government  have  decided  not  to  authorise  the 
laying  of  a  telegraph  cable  to  the  Azores,  although  they 
have  been  invested  with  the  power  by  Parliament  to  lay 
down  telegraph  communication  with  these  islands." 

Personal. — Mr.  Magnus  Yolk  having  completed  the 
fitting  out  of  the  fleet  of  electric  launches  on  the  Biver 
Thames,  belonging  to  the  General  Electiic  Power  and 
Traction  Co.  (late  Messrs.  Immisch  and  Co.),  his  connection 
with  the  company  has  terminated,  and  he  is  devoting  his 
attention  to  some  new  types  of  electrical  measuring  instru- 
ments. 

New  Steamer. — ^A  new  steamer  for  Messrs.  Donald 
Currie  and  Co.'s  intermediate  or  African  service,  the  "  Lis- 
more  Castle,"  was  launched  last  week  from  Messrs.  Barclay, 
Curie,  and  Co.'s  yard  at  Whiteinch,  Glasgow.  She  is 
4,045  tons  gross  tonnage,  and  410ft.  in  length,  and  is  to  be 
fitted  with  every  modem  appliance,  including  electric 
lighting. 

Aberdeen. — The  Gkis  Committee  have  raised  gas  2d. 
per  1,000.  Edinburgh  and  Dundee  have  also  gone  up  4d. 
and  3d.  per  1,000  respectively.  Aberdeen  is  going  in  for 
an  order  to  supply  electricity,  and  if  gas  continues  to  rise, 
there  will  soon  be  a  feeling  in  favour  of  the  healthier  and 
pleasanter  light  which  will  not  be  without  influence  at  the 
Town  Council  Board. 

HambnrfiT  and  the  Popp  System. — Some  time  ago 
the  Hamburg  Senate  sent  a  committee,  in  which  were  many 
distinguished  mechanical  and  electrical  engineers,  to  Paris 
to  investigate  the  Popp  compr^^sed  air  system.  The 
Elekirotechnische  Zeitschrift  learns  that  the  report,  which  will 
shortly  be  circulated  among  members  of  the  Senate,  is  an 
unfavourable  one. 

Stookholm* — ^The  gas  company  have  been  granted  per- 
mission by  the  authorities  to  proceed  with  the  preliminary 
works  necessary  for  the  erection  of  the  projected  central 
station,  although  the  detailed  plans  are  not  yet  ready.  It 
is  said  that  the  original  estimate  of  1^  million  kronen  will 
be  too  low,  and  that  this  amount  will  probably  be  increased 
to  nearly  two  million  kronen. 

Eooleston-plaee  Station. — The  buildings  for  this 
station  of  the  Westminster  Electric  Supply  Company  are 
progressing  apace,  and  the  smoke  stack  will  soon  be  a 
prominent  object  in  the  neighbouring  chimney-pot-scape. 
The  general  progress  made  by  the  company  to  date  is  out- 
lined in  our  report  of  a  meeting  of  the  shareholders  held  on 
Wednesday,  which  will  be  found  elsewhere. 

Notes  on  Central  Station  Ugrhtinff. — This  is  the 
title  of  a  paper  read   before  the  Liverpool   Engineering 
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Sociefty  bj  Mr.  C.  H.  Teaman,  A.LKE.,  and  issued  in  the 
form  of  a  pamphlet  A  good  deal  of  information  is  con- 
densed into  a  small  space,  and  there  is  no  doubt  papers  of 
this  kind  read  before  the  various  societies  by  competent 
aathorities  are  doing  a  vast  amount  of  good. 

Boyal  lastttiite  of  Brit&Bh  Arohiteots.— At  the 

meeting  of  this  institute  on  Monday  last,  the  council-room 
iras  lit  by  electric  light  An  installation  is  being  carried 
out  here  by  the  Planet  Electrical  Engineering  Company, 
and  for  the  evening  a  temporary  connection  was  made  with 
aecnmulators  in  the  council-room.  We  understand  that 
the  light  gave  satisfaction  to  the  members  present 

A  Naval  Cable  Vessel. — ^The  QloMs  naval  corres- 
pondent says  that  it  was  for  some  time  in  contemplation  to 
convert  the  '^Hecla"  into  a  sea-going  telegraph  ship,  to 
carry  some  2,000  miles  of  cable  for  use  in  time  of  war,  but 
it  is  understood  that  to  fit  her  for  this  duty  would  involve 
such  a  pulling  to  pieces  and  reconstruction  as  to  make  it 
more  advisable  to  build  a  new  ship  for  the  purpose. 

iBStltntlon    of  Electrical   Engineers.  —  At  the 

meeting  on  Thursday,  November  13th,  a  paper  will  be  read 
by  Prof.  A3rrton,  and  Messrs.  C.  6.  Lamb,  B.Sc.,  and 
R  W.  Smith,  "  On  the  Chemistry  of  Secondary  Cells."  The 
above  paper  will  be  discussed  together  with  that  on  "  The 
Working  EflBciency  of  Secondary  Cells,"  by  the  same 
authors,  which  was  read  at  the  Edinburgh  meeting  on  July 
16th. 

Uffhtingr  in  Algeria. — The  town  of  Mascara,  Depart- 
ment Oran,  proposes  to  use  a  wateriall  about  30  kilometres 
distant,  for  lighting  purposes.  One  hundred  and  eighty 
incandescents  are  to  be  used  for  the  public  lighting,  and 
the  theatre  is  also  to  be  illuminated.  Competitive  schemes 
are  invited  and  particulars  can  be  had  of  the  mayor  of  the 
town.  The  scheme  also  includes  the  distribution  of  water 
to  the  town. 

Maidstone. — ^The  town  clerk  has  received  notices 
under  the  Electric  Lighting  Act  from  the  South  of  England 
House-to-House  Electricity  Company,  Limited,  Electric 
Installation  and  Maintenance  Company,  Limited,  and  the 
Municipal  Electric  Light  and  Power  Corporation,  Limited. 
The  question  of  whether  the  local  authority  shall  apply  for 
an  order  themselves  or  not,  has  been  referred  to  the  High- 
ways Committee. 

St.  Lake's  (London,  E.G.).— The  Vestry  of  St 
Luke's  considered  at  their  last  meeting  several  applications 
from  electric  lighting  companies  for  powers  to  lay  their 
systems  in  the  parish,  and  the  Vestry  resolved  that  appli- 
cation be  made  to  the  Corporation  and  other  metropolitan 
authorities  now  supplied  by  the  Brush  Company,  or  under 
agreement  with  them  for  supply,  for  particulars  of  the 
terms  agreed  upon. 

London  Chamber  of  Gonuneroe. — A  meeting  of  the 
Electrical  and  Allied  Trades  Section  will  be  held  at  the 
offices,  Botolph  House,  Eastcheap,  E.C.,  on  Monday  next 
at  4  p.m.  Agenda :  Board  of  Trade  rules,  proposals  in  regard 
to  correspondent's  duties,  Mr.  Crompton's  scheme  for  the 
interchange  of  useful  information,  the  approaching  expi- 
ration of  European  commercial  treaties,  American  tariff, 
and  other  matters. 

Bleotrioity  in  the  French  Navy. — It  is  stated  that 
the  French  Minister  of  Marine  has  decided  that  every 
military  port  shall  send  to  Paris  two  foremen  and  two 
working  electricians  to  study  the  various  systems  of  electric 
lighting.  Lectures  upon  the  theory  and  use  of  electricity 
ctnd  its  employment  for  naval  purposes  will  commence  at 


the  Paris  Observatory  on  the  11th  inst.,  and  will  be  con- 
tinued for  four  months. 

Type  Writers  and  Telegraphy. — ^Type-writing  by 
telegraphy  is  now  being  practised  in  the  United  States  on 
a  short  line  in  Rhode  Island  which  will  probably  be  ex- 
tended to  Boston  this  week,  and  in  the  opposite  direction 
to  New  York  by  the  beginning  of  next  year.  The  operator's 
key-board  at  the  transmitting  office  is  electrically  connected 
with  any  number  of  receiving  offices,  and  the  message  is 
delivered  hom  type-writing  machines  in  these  offices. 

Irenolad  Ught  Towers. — A  committee  appointed  by 
the  French  Minister  of  War  has  been  making  trial  of  the 
new  ironclad  light  towers  destined  for  use  in  the  fortresses 
along  the  banks  of  the  Maas.  The  light  will  be  supplied 
by  a  powerful  arc  lamp  with  fixed  focus,  and  the  feeding 
dynamo  will  be  driven  by  a  gas  engine.  The  projectors  and 
men  working  them  are  protected  by  steel  armour.  The 
cupola  of  the  towers  can  be  raised  or  lowered  as  circum- 
stances require. 

Alternative  Cattle  to  Australia. — ^Telegrams  from 
Ottawa  (Canada),  under  date  Nov.  4,  say  that  satisfaction 
is  expressed  there  at  the  action  of  Lloyds  in  pressing  upon 
Lord  Salisbury  and  Mr.  Coschen  the  importance  of  the 
alternative  cable  to  Australia  viA  the  Pacific  Ocean.  While 
recognising  that  the  advantages  of  this  route  are  greater 
for  England  and  Australia  than  for  Canada,  it  is  understood 
that  the  Dominion  Gk>vernment  are  prepared  to  liberally 
assist  the  scheme. 

Significant. — In  a  paper  on  the  excavation  of  the  new 
Croton  aqueduct,  Mr.  J.  P.  Carson,  of  New  York,  says : 
"  For  the  first  two  years  gasoline  torches,  miners'  lamps,  a 
few  candles,  and  electric  lights  to  some  extent  were  used. 
The  two  former  predominated.  The  air  finally  became  so 
foul  that  an  order  was  issued  forbidding  the  use  of  torches 
or  lamps,  and  after  a  time  the  torches  were  abandoned. 
In  the  construction  of  the  masonry  only  candles  and  the 
electric  light  were  employed." 

Hanover. — Rules  for  the  delivery  of  current  from  a 
central  station  have  been  drawn  up.  A  footnote  states 
that  in  all  probability  the  regular  delivery  of  current  will 
begin  on  December  1st  of  this  year.  The  monthly  charge 
for  hire  of  meters  is  as  follows  :  For  15  incandescents  of  16 
c.p.,  or  an  equivalent  current,  1*25  marks  (not  quite  Is.  3d.); 
for  60  incandescents,  2 '25  marks ;  for  100  incandescents,  3 
marks ;  for  200  incandescents,  4  marks ;  for  300  incandes- 
cents, 5  marks ;  for  400  incandescents,  6  marks ;  and  for 
600  incandescents,  7  marks,  or  a  trifle  less  than  7s. 

Harroffate. — As  a  result  of  the  sub-committee's  con- 
siderations, the  Town  Council  have  decided  to  apply  for 
an  order.  Mr.  Ellis,  who  moved  the  resolution  to  this  efTect, 
very  sensibly  advocated  lighting  the  whole  town  so  that 
the  large  hotels  and  private  houses  might  have  the  chance 
of  taking  the  light,  and  thus  reduce  the  cost  of  production 
to  the  Corporation.  So  far  as  lighting  the  streets  only  was 
concerned,  the  scheme  would  be  a  financial  failure,  and  the 
only  way  to  make  it  pay  was  to  sell  it  to  private  individuals, 
hotel  keepers,  tradesmen,  and  others.  By  the  way,  Harro- 
gate has  just  got  rid  of  the  water-gas  experimenters. 

Ship  Iiifirhting. — The  ss.  "Francisco"  was  launched 
last  Wednesday  from  the  yard  of  Messrs.  Robert  Stephenson 
and  Co.,  of  Hebburn,  for  Messrs.  Wilson,  Sons,  and  Co., 
Hull  She  is  intended  for  ^the  Atlantic  trade,  is  382ft. 
long,  46^ft  wide,  and  30|ft.  deep.  She  is  to  be  completely 
fitted  with  electric  lights,  and  there  are  two  systems  for 
extinguishing  fires  on  board,  one  by  steam,  the  other  by 


THE  ELECTRICAL  ENGINEER,  NOVEMBER  7.  1890. 


397 


apparatus  supplied  by  the  Automatic  Fire  Check  Company, 
of  London.  Mr.  R  Woodley,  electrical  engineer,  of 
London,  has  carried  out  the  lighting  of  several  of  Messrs. 
Wilson's  steamers,  and  it  is  probable  that  he  will  light  the 
"  Francisco." 

Fermoy. — At  a  meeting  of  the  Town  Commissioners 
held  on  Saturday  last,  Mr.  Geo.  B.  Garvey,  of  Moneygall, 
King's  County,  Ireland,  representative  of  the  Electrical 
Engineering  Corporation,  attended  with  respect  to  a  pro- 
position to  light  Fermoy  with  electricity.  He  said  the 
project  would  not  pay  if  the  streets  only  were  lit.  It  would 
require  not  less  than  700  to  800  lights  to  make  the  cost 
approximate  to  that  of  gas.  He  asked  for  information  as 
to  the  probable  number  of  private  consumers  and  a  map  of 
the  town.  The  Commissioners  promised  to  supply  the 
information,  and  there  is  every  probability  that  the  matter 
will  be  finally  decided  before  long. 

Eleotrio  Ugrhtinflr  in  Switaerland.— The  Swiss 
Building  Times  gives  the  following  statistics  of  the  position 
of  electric  lighting  and  power  transmission  in  that  country 
at  the  end  of  1889.  There  existed  altogether  351  installa- 
tions with  408  dynamos,  of  a  total  capacity  of  5,150 
kilowatts.  These  fed  51,155  incandescents  of  various 
candle-powers,  and  845  arc  lamps.  Of  these  351  installa- 
tions, 347  used  the  direct  current,  and  only  four — viz.,  at 
Bmnnen,  Lucerne,  and  Vevey-Montreux,  and  Wald — ^used 
the  alternate  current.  The  motors  were  in  177  cases,  or 
50-4  per  cent,  hydraulic;  in  138  cases  «  39'3  per  cent, 
steam  engines;  in  32  cases  »  9*1  percent,  gas  engines; 
and  in  four  cases  »  1*2  per  cent,  electromotors.  Forty- 
one  batteries  of  accumulators  were  used  as  reserves. 

Sleotrioity  in  Everyday  Life. — This  is  the  title  of  a 
natty  little  pamphlet  by  Mr.  Frank  B.  Lea,  B.A.,  A.I.E.E., 
which  gives  in  a  very  concise  and  popular  form  reasons  for 
adopting  electricity  for  lighting  and  motive  power,  with 
descriptions  of  the  apparatus  used  to  produce  and  distribute 
it  Perhaps  the  chief  feature  of  the  compilation  is  the 
really  excellent  illustrations,  which,  beginning  with  the 
interior  of  electrically  lighted  houses,  pass  on  to  fittings,  a 
central  station,  dynamos,  search-lights  on  vessels,  turbines 
driving  dynamos,  various  uses  of  motors,  launches,  an 
electric  crane,  a  telpher  line,  and  electric  tramcars  showing 
overhead  and  storage  systems  of  traction.  A  great  many  of 
these  illustrations,  which  are  capitally  done,  bear  the 
signature  "  A.  Snell."  The  price  of  the  pamphlet  is  2d., 
and  we  can  recommend  it  to  non-technical  readers  as  a  very 
understandable  synopsis  of  the  practical  applications  of 
electricity,  almost  every  sentence  being  clearly  illustrated 
by  engravings.  It  is  published  by  Mr.  E.  W.  Allen,  4,  Ave 
Maria-lane,  E.C. 

Telephony  between   London   and   Paiis. — The 

work  in  connection  with  the  establishment  of  telephonic 
communication  between  London  and  Paris  is  being  pushed 
forward  very  rapidly  on  this  side  of  the  Channel,  and  has 
made  such  satisfactory  progress  during  the  last  few  weeks 
that  it  is  stated  communication  will  be  established  early  in 
the  new  year,  most  probably  as  early  as  January.  Some 
alterations,  however,  have  been  decided  upon  in  reference 
to  the  route  to  be  taken  by  the  cable.  Instead  of  crossing 
the  Channel  and  touching  the  English  coast  near  Hythe,  it 
has  been  decided  to  land  it  at  St.  Margaret's  Bay,  where  it 
will  be  connected  with  a  special  wire  running  from  this 
point  vid  Dover,  Folkestone,  Ashford,  and  Maidstone  to 
London.  More  than  one  of  the  cables  between  England 
and  France  already  land  at  St  Margaret's  Bay,  whence 


they  are  .brought  overland  to  Dover.    The  Post  Office  are 
going  to  purchase  a  site  in  the  market  square  for  the 
erection  of  an  extensive  and  much  more  commodious  pos 
and  telegraph  office. 

Failure. — ^A  meeting  of  the  creditors  of  Walter  Bow- 
botham,  who  had  carried  on  the  business  of  an  electrical 
engineer  at  27,  Sidney-street,  Salford,  under  the  style  of 
'*  Walter  Rowbotham  and  Co.,"  was  held  at  the  offices  of 
the  Manchester  Official  Receiver,  Bridge-street,  on  Tuesday. 
The  statement  of  affairs  showed  liabilities  to  unsecured 
creditors  of  £2,079,  and  to  partly  secured  creditors  £700, 
or  a  total  of  £2,779.  The  assets  disclosed  amounted  to 
£637,  leaving  a  deficiency  of  £2,U2.  The  debtor  attri- 
buted his  failure  to  falling  off  in  the  installation  department 
of  his  business,  non-delivery  of  goods,  sickness,  and  want  of 
capital.  He  made  no  offer,  and  the  creditors  authorised  the 
Official  Receiver  to  apply  to  the  Court  for  an  order  of  ad- 
judication. Mr.  T.  Pilling,  of  Messrs.  Trevor  and  Pilling, 
accountants,  was  appointed  trustee  with  a  committee  of 
inspection. 

The  Junior  Engineering  Soeiety. — On  Friday 
afternoon  last  a  very  numerous  party  of  members  of  this 
society  visited  the  Royal  Arsenal,  Woolwich,  by  special 
facilities  afforded  through  the  kindness  of  Mr.  W.  Anderson, 
D.C.L.,  Director-General  of  Ordnance  Factories,  past-presi- 
dent of  the  society.  The  party  divided  at  the  entrance 
into  sections,  and  proceeded  through  the  laboratory, 
museum,  gun  factory,  gun-carriage  shops,  saw  mills,  wood- 
working machinery  department,  engine  and  boiler  houses, 
foundry,  smithy,  etc.,  in  the  course  of  which  the  visitors 
had  excellent  opportunities  for  closely  observing  the  many 
interesting  appliances  and  devices  which  are  associated  with 
the  manufacture  of  ordnance.  At  the  conclusion  of  the 
visit  the  expression  of  the  thanks  of  the  society  was  conveyed 
to  Dr.  Anderson  for  his  kindness  in  connection  with  the  occa- 
sion. The  inaugural  meeting  of  the  society's  tenth  session 
takes  place  on  the  21st  inst,  when  Prof.  S.  P.  Thompson, 
B.A.,  D.Sc,  president-elect,  delivers  an  address  on  "  Electro- 
magnetic Mechanisms,"  which  should  prove  very  interest- 
ing. 

Peterborongh* — At  the  last  meeting  of  the  Town 
Council,  Mr.  Hunting  moved  that  the  Corporation  should 
apply  for  a  provisional  order.  He  -argued  strongly  in 
favour  of  the  Corporation  acquiring  any  monopoly  of 
supplying  electric  light,  and  said  he  did  not  propose  the 
resolution  in  any  spirit  of  antagonism  to  the  gas  company. 
Three  electric  light  comi)aniea  had  applied  to  the  Board 
of  Trade  for  provisional  orders  to  supply  the  city  with 
electricity,  and  if  the  Corporation  did  not  move  in  the 
matter  these  companies  would  obtain  the  monopoly.  The 
engineer  had  reported  that  an  installation  would  cost 
£11,500.  This  was  seconded.  After  some  discussion, 
Councillor  Herbert  proposed  an  amendment  to  the  effect 
that  the  Council  considered  it  desirable  to  obtain  powers 
for  electric  lighting,  but  having  regard  to  the  purchase  of 
the  Cattle  Market  and  the  Corporation's  present  financial 
position,  the  subject  should  be  adjourned  for  a  year.  He 
thought  that  if  such  a  resolution  got  on  the  books  they 
would  be  able  to  take  a  better  position  with  respect  to  the 
Board  of  Trade  than  they  could  if  they  let  the  matter  lapse. 
This  was  carried. 

Sulphate  of  Copper  Battery. — M.  Carr^  constructs 
a  battery  with  a  zinc  cylinder  placed  in  a  glass  jar  filled 
with  sulphate  of  zinc.  The  zinc  rests  on  a  wooden  cross 
bar.    The  positive  electrode  is  a  copper  tube  filled  with 
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sulphate  of  copper.  It  rests  on  a  porcelain  cup,  which  in 
turn  is  fitted  to  a  vessel  of  parchment  paper  of  the  same 
diameter.  A  wooden  tube  placed  at  the  top  of  the  {laper 
vessel  aljows  the  copper  solution  to  flow  automatically,  its 
level  gra<{ually  increasing  with  the  working  of  the  battery. 
The  KM.F.  of  a  cell  is  about  1;07  volt.  A  large  cell  with 
a  zinc  48  centimetres  (18'90in.)  long  gives  15  to  25 
amperes  on  short  circuit ;  medium  size  with  24  centimetres 
zinc  (9*4in.),  eight  to  12  amperes;  and  small  size  with  18 
centimetres  zinc  (7in.)  four  to  six  amperes.  A  medium-sized 
cell  experimented  with  at  the  Ecole  de  Physique,  Paris,  and 
discharged  through  a  constant  resistance  gave  a  constant 
current  of  three  amperes  for  210  hours  (eight  days  18 
hours).  Its  percentage  of  efficiency  was  75  per  cent.  The 
E.M.F.  was  1*06  volt,  internal  resistance  '1  ohm,  useful 
energy  2'31  watts,  total  consumption  of  zinc  1,000  grammes, 
of  sulphate  of  copper  4,730  grammes,  or  1*58  grammes  of 
zinc  and  7  66  grammes  of  sulphate  of  copper  per  ampere- 
hour. 

Shop  Idghtiiig  in  Newoastle-on-Tyne.— On  Satur- 
day night,  Nov.  1st,  Messrs.  W.  Newton  and  Co.'s  very 
extensive  bicycle,  furniture,  and  piano  showrooms  and 
workshops  were,  for  the  first  time,  lighted  throughout  by 
the  electric  light.  Messrs.  Newton  and  Co.  have  several 
large  and  well-stocked  suite-rooms  for  the  display  of  furni- 
ture, and  here  32-c.p.,  50-c.p.  and  100-c.p.  lamps  are  used, 
fitted  with  highly  ornamental  floral  glass  shades.  The 
lighting  of  one  room  is  made  particularly  effective 
by  means  of  skilfully  disposed  mirrors,  in  which  is 
reflected  an  endless  perspective  of  brilliant  lights. 
Ill  the  upholsterers'  workshops,  packing-rooms,  etc., 
the  lamps  are  either  protected  by  wire  guards,  or 
fitted  with  white  enamelled  iron  shades,  while  in  the 
piano  department  the  same  artistic  floral  shades  are  used 
as  in  the  furniture-rooms.  These  shades  have  been  made 
specially  to  Messrs.  Newton's  order,  and  are  most  satisfac- 
tory. In  front  of  the  building,  overhanging  Westgate- 
road,  is  fixed  a  15-ampere  Brockie-Pell  arc  lamp,  suspended 
from  a  neat  wrought-iron  bracket.  Altogether  the  installa- 
tion is  very  satisfactory  to  the  firm.  The  work  has  been 
carried  out  by  Messrs.  Sydney  P.  Walker  and  Co.,  of  New- 
castle and  Cardiff,  and  current  is  supplied  to  the  installa- 
tion by  the  Newcastle  and  District  Electric  Lighting 
Company,  Limited. 

Chemically  Pore  Zino. — ^According  to  L'EledricUn, 
M.  Cahaigne,  of  Paris,  has  succeeded  in  bringing  the  pro- 
cess of  refining  zinc  by  distillation  within  the  limits  of 
commercial  requirements,  and  can  deliver  chemically  pure 
metal,  at  a  price  higher  than  that  of  ordinary  zinc,  it  is 
true,  but,  nevertheless,  not  excessively  so.  This  zinc  is  more 
malleable  than  the  ordinary  metal,  and  is  easily  split  into 
plates  of  great  toughness  by  raising  its  temperature  to 
60deg.  C.  It  may  also  be  drawn  with  the  greatest  ease, 
and  makes  very  useful  battery  rods.  According  to  the  tests 
made  by  M.  L'Hdle,  chemical  expert,  M.  Caliaigne's  zinc  is 
not  attacked  in  acid  diluted  to  i^th,  and  is  free  (at  all 
events  in  proportions  that  can  be  analysed)  from  the  metals 
and  metalloids  met  with  in  commercial  zinc,  such  as  lead, 
tin,  cadmium,  copper,  antimony,  iron,  silicium,  sulphur,  and 
arsenic.  MM.  Pouchard,  Mathioux,  and  Co.,  electric  clock- 
makers,  have  tried  'this  zinc  in  the  batteries  which  work 
their  apparatus,  and  the  results  obtained  are  as  follow : 
Cells  containing  carbon,  zinc,  and  sal  ammoniac  were  worked 
on  a  circuit  of  electric  clocks,  the  time  during  which  the 
current  was  furnished  being  about  90  hours.  The  con- 
sumption of  pure  zinc  (not  amalgamated)  was  28  grammes 


per  cell,  whilst  that  of  ordinary  zinc,  perfectly  amalgamated, 
was  36  to  38  grammes.  Moreover,  the  consumption  of  the 
former  was  very  regular  throughout  its  length,  while 
ordinary  zinc  was  consumed  very  irregularly,  being  pitted 
and  almost  wholly  eaten  through  at  the  bottom  of  the  liquid. 
With  bichromate  of  potash  batteries  (with  porous  jars), 
using  commercial  sulphuric  acid  diluted  to  ^th,  a  much 
more  constant  discharge  was  obtained  than  with  ordinary 
zinc,  and  the  rod  could  be  left  on  open  circuit  in  the  porous 
jar  without  its  being  appreciably  worn.  The  results 
obtained  in  the  Ecole  de  Physique  of  Paris  as  to  the  refis- 
tance  of  the  metal  were  as  follow :  Specific  resistance  at 
Odeg.  C,  6-19  microhms-centimetre;  temperature  co- 
efficient, 000354. 

Edinburffh  International  Exhibition.— This  exhi- 
bition, which  was  opened  on  May  1  last>  was  closed  on 
Saturday  evening.  The  total  number  of  visitors  to  the 
exhibition  has  been  2,414,129.  On  Saturday  night  the 
number  of  persons  admitted  was  25,204.  Darkness  had 
set  in  before  the  electric  light  was  turned  on,  and  some  of 
the  exhibitors  were  using  candles  and  gaslight  at  their 
stalls.  It  is  said  that  the  delay  was  caused  through  the 
non-payment *of  an  account  due  to  the  electric  light  com- 
pany. .An  arrangement  was,  however,  come  to,  and  the 
electric  light  was  put  on  shortly  before  six  o'clock.  In  the 
course  of  the  evening  Sir  Thomas  Clark,  chairman  of  the 
executive  council,  addressed  a  crowded  meeting  in  the 
Grand  Hall.  He  said  that  that  was  the  last  day  of  the 
exhibition,  which,  notwithstanding  its  unfortunate  financial 
position,  had  been  a  very  great  success,  affording  to  the 
public  an  excellent  means  of  instruction,  entertainment, 
recreation,  and  amusement  During  the  last  six  months 
there  had  been  gathered  together  the  largest  number  ot 
exhibitors  from  foreign  countries  that  had  ever  assembled 
in  Scotland ;  and  the  electrical  section  was  one  of  the  most 
wonderful  displays  of  inventions  that  had  ever  been 
brought  together  at  any  exhibition.  Mr.  Bapty,  the  general 
manager,  was  carried  shoulder  high  from  the  bandstand  to 
the  grand  entrance  by  a  number  of  students,  who  were 
followed  by  thousands  of  people.  On  arriving  at  the  grand 
entrance,  Mr.  Bapty  thanked  the  visitors  for  their  attend- 
ance, and  said  he  believed  that  if  the  financial  state  of  the 
exhibition  had  been  made  known  sooner,  the  public  would 
have  come  to  their  assistance  and  prevented  so  large  a 
deficiency.  The  doors  were  closed  at  a  quarter  before  11 
o'clock.  A  meeting  of  the  members  of  the  [Exhibition 
Association  was  held  on  Wednesday,  Sir  Thomas  Clark  in 
the  chair.  Mr.  Pollard,  the  treasurer,  submitted  a  report 
of  liabilities,  from  which  it  appeared  that  they  amounted 
to  £40,733.  12s.  5d.  The  assets  were:  Concessions  out- 
standing, £2,366;  sums  due  by  railway  and  electric 
launches,  about  £1,200  j  sums  due  for  space,  electric  light, 
and  storage,  say,  £600;  cash  in  hand,  £1,449.  14s.  9d. ; 
value  of  the  buildings  as  estimated,  £10,000.  The  deficit, 
subject  to  cost  of  working  and  expenses  of  liquidation, 
amounted  to  £24,917.  17s.  8d.  It  was  resolved  to  wind 
the  association  up  voluntarily,  and  Mr.  G.  A.  Robertson, 
chartered  accountant,  was  appointed  liquidator,  a  com- 
mittee of  advice  being  also  elected.  The  Edinburgh  Town 
Council  guaranteed  amounts  to  £1,000. 

Sale  of  Eleotiical  Plant. — On  Friday,  the  Slst  ult., 
we  looked  in  at  the  sale  of  plant  held  by  that  well-known 
firm  Messrs.^  Wheatley  Kirk,  Price,  and  Goulty,  on  the 
premises  of  the  new  station  in  course  of  erection  for  the 
Westminster  Supply  Corporation  in  Eccleston-place.  There 
was  not  a  very  large  attendance,  and  the  bidding  was  a 
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trifle  slack  sometimes.  And  yet  there  was  some  very  good 
stuff  to  be  bought,  and  one  or  two  real  bargains  to  be  had. 
Mr.  Price  held  the  hammer  (a  lead  pencil),  and  from  the 
vantage  ground  of  a  deal  box  alternately  cajoled,  expostu- 
lated, and  cracked  jokes  as  the  occasion  demanded.  For 
the  benefit  of  those  who  were  not  present,  and  to  show  how 
advantageously  plant  can  be  picked  up  at  the  sales  held  by 
the  above  firm,  we  will  give  the  prices  at  which  some  of 
the  items  in  the  catalogue  went.  Sundry  wrought-iron 
steam  piping,  apparently  in  good  condition,  with  one  injec- 
tor and  one  steam  valve,  fetched  31s.  A  compound  dynamo, 
giving  110  volts  380  amperes  at  430  revolutions,  by 
Goolden  and  Co.,  was  bought  in  at  £95.  A  polished  slate 
switchboard,  4ft.  by  3ft.,  with  two  main  ring  switches, 
single  switch,  and  three  fuses,  went  for  £3.  10s.  Twenty- 
four  2-light  Edison  and  Swan  electroliers,  wired  and 
with  double  switches,  realised  3s.  each.  Twenty-three 
E.P.S.  15L  cells  in  glass  containers  (1888  type)  began 
at  lOs.  (about  the  price  of  the  glass  container,  as  Mr.  Price 
pathetically  remarked),  and  went  for  18s.  apiece.  The 
auctioneer  offered  the  buyer  20s.  on  the  spot,  but  he  was 
not  to  be  had.  These  cells,  by  the  way,  were  perfectly 
new^  but  had  been  badly  handled  in  moving,  and  the 
positive  plates  were  not  what  they  ought  to  be.  An  Ayrton 
and  Perry  160-volt  voltmeter,  calibrated  a  few  days  ago, 
reached  25s.,  and  an  ammeter  of  same  design  35s,  Twenty- 
eight  feet  of  single  4in.,  and  a  similar  length  of  double  Tin. 
leather  belting  fetched  £1.  Forty-three  feet  of  5in.  by 
14in.  leather  link  belting  began  at  £3.  5s.  and  ran  up  to 
£6  j  while  64ft  of  9in.  by  14in.  Scandinavian  canvas  belt 
began  at  10s.  and  was  knocked  down  at  £1.  Two  1,500-watt 
Kapp  and  Snell  transformers  (what  compact  little  things 
they  are  1),  transforming  from  2,000  to  100,  fetched  £2.  5s. 
each;  another  3,000-watt  apparatus  of  same  design  went 
for  £2,  5s.,  and  another  similar  3,000-watt  apparatus  for 
£3.  All  these  were  new.  Some  new  Jablochkofi  trans- 
formers, however,  did  not  find  a  bidder  whilst  we  were 
there,  and  were  passed.  A  16-unit  A  type  compound 
dynamo  by  Goolden  and  Co.,  to  give  110  volts  and  150 
amperes  at  960  revolutions,  with  set  of  stretching  rails, 
be^n  at  £10  and  fetched  £45.  Another  10^  unit  G.T. 
shuntrwound  dynamo,  giving  140  volts  and  75  amperes  at 
950  revolutions,  with  set  of  stretching  rails,  began  at  £5 
and  ran  up  to  £17.  10s.,  at  which  price,  there  being  no 
apparent  desire  on  the  part  of  bidders  to  go  higher,  Mr. 
Price  said  he  certainly  could  not  sell  it. 

St.  PaaortUB. — ^The  foundation-stone  of  the  central 
station  in  process  of  erection  by  the  St.  Pancras  Vestry  was 
laid  with  due  formality  on  Wednesday  afternoon  by  the 
churchwardens  of  the  parish,  Messrs.  Boden  and  Robinson. 
An  inscription  on  the  stone  detailing  the  circumstance  also 
mentioned  the  names  of  Mr.  Andrew  Sweet',  chairman,  and 
Dr.  Walter  Smith,  deputy-chairman  of  the  Electricity  Com- 
mittee, Prof.  Henry  Robinson,  M.I.C.E.,  etc.,  engineer,  and 
Mr.  T.  Eccleaton  Oibb,  vestry  clerk.  The  stone  is  let  into 
the  north  wall  of  the  engine-room  that  is  to  be.  Prof. 
Henry  Robinson  gave  some  details  of  the  installation,  and 
stated  that  it  "will  serve  the  south-western  part  of  the 
parish,  and  is  intended  to  be  followed  by  further  stations 
to  serve  the  rest  of  the  district  if  the  results  are  proved  to 
be  as  satisfactory  from  a  commercial  standpoint  as  is 
anticipated.  He  had  adopted  the  'continuous  current,' 
and  had  fixed  the  E.M.F.  at  110  volts  to  suit  incandescent 
lam))6.  The  mains  will  be  laid  on  what  is  known  as 
the  '  three-wire  system,'  by  which  arrangement  the  current 
IB  transmitted  from  the  central  ^station  at  220  volts  along 


the  two  outside  wires,  whilst  the  third  wire  is  kept  at 
an  intermediate  potential,  differing  from  that  of  either  of 
the  outside  wires  by  110  volts.  The  lamps  are  in  electrical 
contact  with  either  of  the  outer  wires,  and  with  this 
third  wire.  Half  the  lamps  are  connected* '  to  one 
outside  wire  and  half  to  the  other.  In  the  event  of  the 
demand  being  greater  on  one  side  than  the  other,  it  is  met 
by  a  supply  from  the  station  along  the  third  wire.  This 
arrangement  enables  current  to  be  supplied  at  220  volts  for 
purposes  of  motive  power  and  arc  lights,  in  addition  to  the 
supply  at  110  volts  for  incandescent  lighting.  This  is  by 
far  the  most  efficient  and  economical  system  of  distributing 
electrical  energy  under  conditions  which  obtain  in  St. 
Pancras.  The  central  station  plant  will  be  capable  of 
supplying  low-tension  current  to  serve  10,000  incandescent 
lamps  of  16  c.p.  simultaneously,  and  at  the  same  time  high- 
tension  current  will  be  provided  on  a  separate  set  of 
mains  to  serve  public  lights  in  the  streets,  to  the 
extent  of  90  10-ampere  ai*c  lights,  or  a  larger  number 
of  lamps  of  equivalent  candle-power,  at  the  outset. 
There  will  be  nine  low-tension  and  two  high-tension 
dynamos,  one  of  each  sort  serving  as  a  stand-by  or  reserve. 
All  the  dynamos  will  be  driven  direct  by  triple-expansion 
condensing  engines.  There  will  be  six  sets  of  secondary 
batteries  (capable  of  serving  800  or  900  lights)  to  work 
all  the  lights  in  use  at  periods  of  minimum  demand  when 
the  engines  and  dynamos  would  not  be  working,  and  they 
will  further  act  as  an  additional  stand-by  or  reserve.  Pro- 
vision is  made  at  the  outset  for  five  miles  of  distributing 
mains,  which  are  designed  to  cairy  current  for  25,000 
incandescent  lamps  of  16  c.p.  in  use  simultaneously,  and 
separate  mains  are  provided  for  the  public  street  lighting. 
The  St.  Pancras  parish  now  remains  intact  in  the  hands  of 
the  Vestry  for  the  purpose  of  distributing  electrical 
energy  unddr  a  provisional  order  obtained  in  1883. 
No  company  has  as  yet  succeeded  in  obtaining  powers 
within  the  area.  He  (the  professor)  congratulated  the 
Vestry  and  the  ratepayers  on  being  in  this  unique  position 
in  the  metropolis,  as  he  was  quite  confident  that  time  would 
show  that  a  wise  course  had  been  followed  in  keeping  the 
supply  in  their  own  hands,  by  which  the  ratepayers  would 
get  the  electrical  energy  for  either  public  or  private  lighting 
or  for  motive  power,  at  the  cheapest  rate."  Mr.  Andrew 
Sweet,  chairman  of  the  Electricity  Committee,  in  moving  a 
vote  of  thanks  to  the  churchwardens,  said  the  estimated 
cost  of  the  works  then  begun  was  £55,000,  which  it  was 
proposed  to  borrow  at  3J  per  cent,  from  the  County 
Council,  the  payment  of  principal  and  interest  to  extend 
over  42  years ;  and,  at  a  very  moderate  computation,  sup* 
plying  the  light  at  6d.  per  unit,  as  against  8d.  charged  by 
private  companies,  he  confidently  anticipated  that  they 
would  derive  a  yearly  income  which  would  yield  them  20 
per  cent  upon  the  capital  outlay.  The  buildings,  of 
which  the  greater  part  of  the  foundations,  have  still  to  be 
got  out,  are  being  pushed  forward  by  Messrs.  E^irk  and 
Randall,  the  contractors  for  this  portion  of  the  work.  A 
list  of  the  other  contractors  for  machinery,  etc.,  will  be 
found  on  page  281  of  our  issue  of  October  3rd  last.  Prof. 
Robinson  very  properly  said  that  he  would  not  indulge  in 
congratulation,  self  or  otherwise,  until  the  scheme  has  been 
carried  to  successful  issue.  We  may,  however,  echo  the 
professor's  hope  that  so  it  will  be,  and  that  the  inhabi- 
tants of  St  Pancras  may  have  at  no  distant  date  to  thank 
Prof.  Robinson,  Mr.  T.  E.  Gibb,  and  the  other  gentlemen 
concerned,  for  bringing  the  best  light  there  is  to  be  had 
nowadays  within  their  reach. 
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ELECTRIC  MOTIVE   POWER  TECHNICALLY 

CONSIDERED.* 

4 

BY  DR.  W.  L.  ALLKN. 

To  go  over  the  entire  subject  of  electricity  for  street 
railways,  and  consider  all  technical  details  would  occupy 
too  much  of  your  time.  The  subject  naturally  divides 
itself  into — (I)  The  central  station.  (II)  The  transmitting 
line.     (Ill)  Tlie  motors. 

The  National  Electric  Light  Association  has  so  fully  and 
exhaustively  considered  the  matter  of  power  or  central 
stations  that,  most  fortunately  for  street  railway  men,  this 
subject  is  one  that  troubles  us  but  little ;  but  there  are 
some  points  in  which  our  work  differs  materially  from 
engines  of  an  electric  lighting  station. 

The  engine  we  require  must  be  strong  in  all  its  parts,  for 
there  is  no  work  where  the  demands  on  it  vary  so  suddenly 
and  so  frequently,  from  the  entire  absence  of  load  to  the 
extreme  capacity  of  the  engine,  as  in  street  railway  work. 
Some  roads  report  that  the  cars  average  but  5  h.p.  each. 
Supposing  that  such  a  road  has  eight  cars  in  operation  with 
one  150-h.p.  engine  in  the  station  and,  as  is  often  the  case, 
the  cars  either  become  bunched  or  happen  to  start  at  the  same 
instant,  here  a  sudden  demand  is  made  upon  the  engine  for 
160  h.p.  or  200  h.p.,  while  a  moment  later  the  meter  may 
register  but  40  h.p.  You  will,  of  course,  be  provided  with 
safety-plugs  and  current-breakers,  but  you  cannot  allow 
safety  strips  to  be  blown  out  half-a<lozen  times  a  day, 
possibly  just  at  the  moment  you  are  ascending  a  heavy 
grade. 

Electric  light  men  state  that  a  station  with  a  number  of 
small  high-speed  engines  is  more  economical  on  account  of 
being  more  flexible  in  its  operation,  but  in  their  business 
the  loads  upon  the  station  vary  gradually,  while  we  may 
be  called  upon  at  any  moment  for  our  maximum  capacity. 
To  arrange  our  station  for  this  varying  load,  and  at  the 
same  time  avoid  operating  a  tremendous  engine  on  an 
average  light  road,  is  a  problem  that  experience  must  solve 
for  us.  We  are  also  more  greatly  troubled  with  lightning 
than  we  should  be.  There  should  first  of  all  be  established  as 
perfect  a  ground  connection  as  possible,  either  by  means  of  a 
well  oradeephole;  it  isbettertohavetwogrounds,  and  thereby 
make  sure  of  a  moist  contact  for  galvanised  ground-plates  or 
rods ;  then,  with  proper  lightning  arresters  so  placed  that 
thev  can  be  conveniently  examined  and  kept  in  order,  we 
will  be  fairlv  well  protected  ;  but  with  our  great  lengths  of 
exposed  trolley  wires  we  are  very  certain  to  have  frequent 
calls  upon  our  lightning  arresters,  and  those  in  use  at  the 
present  time  are  not  such  as  to  warrant  perfect  confidence. 

Are  we  not  all  personally  believers  in  the  overhead 
system  of  transmission  ?  What  can  there  be  simpler, 
cheaper,  more  durable,  and  more  convenient  ?  We  have 
only  poles,  bare  copper  wire,  galvanised  iron  span  wires, 
insulators,  and,  where  needed,  addi^onal  feed  wires,  of 
which  these  last  can  be  placed  underground  if  desired.  It 
is  a  rare  thing  to  have  a  trolley  wire  break  except  at  the 
curves.  Curves  are  certainly  troublesome  on  account  of  the 
constant  liability  of  trolleys  to  jump  off  at  some  sharp 
angle,  and  the  trouble  is  more  generally  due  to  fancy  trolley 
stands,  wheels,  or  springs,  than  to  the  overhead  wire.  For 
insulators  we  have  only  those  for  the  straight  line  and  those 
for  the  curves ;  and  I  show  you  a  sample  of  each,  such  as 
were  used  two  and  a  half  years  ago  on  one  of  our  lines. 
It  is  not  to  be  wondered  at  that  street  railway  men  at  that 
time  considered  electricity,  for  the  rough  usage  required 
by  street  railway  work,  to  be  in  an  embryonic  stage  of 
development  There  is  little  to  be  asked  for  in  the  way 
of  improvement  of  what  we  now  have  for  overhead  mate- 
rial. There  is  practically  no  difference  whether  we  use 
the  Thomson-Houston  system,  Sprague-Edison,  Westing- 
house,  or  what  not.  A  single  trolley  wire  which  may  be 
large  and  heavy,  say  00,  and  thus  afford  feed  wires  where 
distance  for  transmission  is  not  too  great,  or  the  wire  may 
be  small,  say  No.  4,  light  and  easy  to  handle  with,  in  that 
case,  the  necessary  feed  wires.  We  can  take  our  choice  and 
find  equally  good  results  with  either.  It  will  often  be  con- 
venient to  utilise  both  plans,  with  the  large  trolley  in  the 
central  parts  of  the  city  where  feed  wires  might  be  desir- 
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able,  and  with  the  small  overhead  and  feed  wires  to  rein- 
force the  suburban  parts.  Undoubtedly  the  small  wire  is 
more  easily  handled  and  repaired  in  case  of  a  break,  aod 
the  feed  wire  prevents  a  dead  line  being  the  result  of  a 
break.  The  rail  bonds  may  be  galvanised  iron,  which  cost 
but  fom*  cents,  instead  of  tinned  copper,  and  the  supple- 
mental ground  wires  can  be  of  the  same  material.  The 
supplemental  wires  do  not  give  any  better  return  except  so 
far  as  to  prevent  a  bad  break  in  the  return  circuit,  which 
might  occasionally  be  caused  by  the  breaking  of  both  rail 
bonds  at  neighbouring  joints.  Rails  on  both  sides  of  track 
should  be  connected  with  bonds. 

It  will  not  be  necessary  to  discuss  the  merits  of  the 
conduit  system  or  the  storage  battery.  Actual  experience 
has  pToven  that  there  need  be  so  little  trouble  or  danger 
from  the  station  and  overhead  line  that  we  cannot  concede 
the  need  of  either  conduit  or  storage  battery,  so  far  as  we 
are  concerned.  It  is  true  that  the  ever  restless  mind  of  the 
public  has  been  so  stirred  up  by  accounts  of  the  numerous 
successful  storage  battery  and  conduit  railways  that  it  has 
suddenly  (and  to  us  unpleasantly)  become  aware  of  the  fact 
that  we  are  using  poles,  and  while  we  are  congratulating 
ourselves  upon  the  beauty  and  symmetry  of  our  neat  line  of 
poles,  it  suddenly  demands  that  we  remove  what  it  terms 
our  unsightly  poles.  Nearly  everyone  of  the  street 
railway  men  present  will  uphold  the  statement  that  the 
only  problem  before  us,  and  the  one  about  which  we  are 
always  anxious,  is  :  "  What  can  we  do  to  keep  our  motors 
out  of  the  repair  shop?"  We.  don't  worry  about  our 
station  or  our  overhead  wires ;  we  scarcely  have  time  to 
think  about  them ;  we  are  constantly  at  work  upon  and 
perpetually  annoyed  by  our  motors;  a  lame  armature,  a 
burnt  field  magnet,  a  broken  gear — these  are  our  every-day 
trials.  A  motor — such  as  is  made  by  the  Thomson-Houston, 
Sprague-Edison,  or  Westinghouse  Companies — ^has  among 
its  mechanical  parts  an  axle  gear  and  intermediate  shaft 
gear,  shaft  pinion  and  armature  pinion,  and  the  axle  and 
intermediate  shaft  and  armature  have  each  their  boxes,  or 
bearing.  We  want  gear  and  pinions  to  be  wide  and  heavy 
enough  not  to  break.  We  don't  want  any  more  pinions 
like  this,  which  was  in  use  two  years  ago.  We  want  gear 
of  some  material  that  will  be  reasonably  durable,  and  at 
the  same  time  noiseless;  cast  iron  may  do  for  the  axle 
gear,  which  is  large  and  runs  slower,  and  steel  for  the  inter- 
mediate shaft  pinion ;  steel,  we  believe,  is  better  than  bronze, 
as  it  lasts  longer  and  is  less  expensive.  To  overcome  the  noise 
it  is  necessary  either  to  have  the  gear  covered  and  running  in 
oil,  or  to  have  the  gear  of  wood  or  the  pinion  of  rawhide.  The 
large  gear  on  the  axle  and  intermediate  shaft,  if  made  with 
wooden  teeth  and  used  with  steel  pinions,  certainly  runs 
noiselessly,  and  it  ought  to  make  the  life  of  the  pinions 
much  longer.  Care  must  be  taken  to  have  the  keys,  in  all 
gear  and  pinions  tight  and  self-retaining.  The  shaft-boxes 
and  bearings  must  be  made  of  some  compound  metal  that 
will  not  wear  out  too  fast,  for  but  little  wear  on  the  arma- 
ture bearing  will  allow  the  armature  to  scrape  on  the  pole- 
pieces  of  motor,  be  damaged  and  laid  up  for  repairs. 
Aluminium  bronze  gives  satisfaction  as  material  for  the 
bearings. 

The  electrical  parts  of  the  motor  in  which  we  are  most 
interested  are  the  armature,  field  magnets,  and  the  con- 
trolling switch  or  rheostat.  The  armature  of  an  electric 
motor  is  its  wonderful  and  interesting,  as  well  as  its  most 
expensive  and  troublesome,  part.  A  street  car  is  the  most 
overloaded  vehicle  known  to  mankind.  It  may  run  a  week 
with  a  light  load  and  then  suddenly  receive  enough  pas- 
sengers to  load  fairly  well  three  or  four  ordinary  cars  ; 
the  motorneer  may  forget  to  oil  either  the  car  or  motor, 
he  may  reverse  motor  accideittally  or  purposely  to  avoid  an 
accident ;  these  and  many  other  causes  require  of  an  arma- 
ture more  work  than  it  is  capable  of,  hence,  a  burn-out  On 
the  other  hand,  the  armature  itself  may  be  at  fault ;  an 
armature  such  as  we  use  to-day  consists  of  a  shaft  sur- 
rounded by  a  metallic  core.  Around  this  core  is  wound 
the  best  insulated  wire,  each  coil  terminating  at  the  same 
end  of  the  armature  and  being  attached  there  by  means  of 
solder  or  screws  to  the  bars  of  the  commutator.  The  shaft 
of  the  armature  will  in  a  few  years  become  worn  by  its 
bearings,  and  it  would  be  well  to  have  bushings  or  sleeves 
placed  around  shaft  at  those  points,  such  as  the  Thomson- 


402       THE  ELECTRICAL  ENGINEER,  NOVEMBER  7,  1890. 


the  meebaiueal  trouble  decreased  to  about  2  per  cent  This 
deereaee  waa  probably  due  in  some  degree  to  a  lighter 
boiineM  and  lets  mileage.  As  the  report  doee  not  state  the 
nature  or  degree  of  the  electrical  disabilities,  it  is  not  fair 
to  aasome  that  they  were  all  due  to  crippled  armatures,  but 
we  can  deduce  m>m  it  that  a  car  ought  to  run  100  days 
without  electrical  repaiis. 


THE  crrr  and  south  London  railway. 


On  Tuesday  the  Prince  of  Wales  opened    what    is, 
perhaps,  one  of  the  most  remarkable  railways  in  existence. 


and  the  history  of  its  construction  wiB  form  one  of  the 
most  brilliant  records  in  the  history  of  engineering.  As  is 
natural,  we  devote  our  attention  more  especially  to  the 
electrical  equipment  of  the  lina  Two  systems  of  haulage 
only  seemed  applicable  to  a  line  of  this  kind — ^namely,  by 
cable  or  by  using  electricity.  The  latter  was  finally 
adopted.  As  was  weD  said  in  one  of  our  daily  contem- 
poraries, ''  The  most  interesting  portion  of  the  works  at  the 
present  moment — the  depdt  at  the  Stockwell  Station, 
which  contains  that  pNMtion  of  the  undertaking  which 
henceforth  will  be  upon  its  trial — ^is  the  electrical  phut  and 
power.  The  site  occupied  is  a  plot  of  about  two  or  three 
acres  on  the  surface,  or  ground  leveL       Here  are  the 
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PbD  of  the  Generating  Station  at  Stockwell.— City  and  Sonth  London  Railway. 


Elevation  of  Dynamo  Room. — City  and  South  London  Railway  Generating  Station 


We  are  now  very  familiar  with  underground  railways,  but 
this  particular  one  is  far  deeper  than  any  that  has  been 
previously  constructf  d.  It  consists  of  two  tunnels  reaching 
from  King  William-street  in  the  City  to  Stockwell.  The 
OTigineering  difRculties  which  have  been  encountered  in  the 
"onstruction  of  this  subway  have  been  many  and  great, 


engine-house,  train  shed,  repairing  shops,  and  other  require- 
ments. The  access  between  the  depdt  and  the  subway  is 
by  a  curved  tunnel  descending  from  above  ground  by  a 
steep  incline  of  1  in  3^ft.  Up  and  down  this  the  trains 
are.  brought  or  lowerea  by  a  rope  and  winding  engine.  This 
short  bit  of  tunnel  is  remarkable.    Formed  on  a  horizontal 
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FadiuB  of  250ft  and  a  severe  vertical  radius,  it  is  marvellous 
that  the  junction  of  the  two  drivings,  one  from  below 
and  the  other  from  above,  should  have  met  centre 
for  centre  and  level  for  level  within  an  inch  or 
two.  The  rails  in  it  are  laid  on  open  sleepers;  and 
crossings  and  switches  and  other  intricacies  of  railway 


and  roofed,  but  open  at  the  sides  above  breast  height  The 
locomotive  contains  two  motors,  the  current  for  which  is 
supplied  through  two  contact  slippers,  which  run  along  the 
conductor  when  the  train  is  in  motion.  The  long  passenger 
carriages  are  pivoted  on  two  four-wheeled  bogies ;  and  the 
interior,  which  is  divided  by  a  door  in  the  centre,  contains 
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Plan  of  the  Generating  Station  at  Stockwell. — City  and  South  London  Railway. 


Elevation  of  Engine  and  Dynamo.— City  and  South  London  Railway  Generating  Station. 


shuntings  are  therein  concentrated  in  a  way  of  which  no 
other  railway  can  show  the  like.  At  the  depdt  the  carriage 
shed  is  large  enough  to  contain  six  trains  side  by  side. 
Each  train  consists  of  an  electric  locomotive  and  three  pas- 
senger carriages  32ft  in  length  from  end  to  end  of  the 
footboard.    The  locomotive  is  of  iron,  closed  at  both  ends 


seating  for  34  persons.  The  enclosed  portion  is  28tt.  in 
length,  the  external  overhang  of  the  carriage  platform 
being  coupled  up  to  the  similar  overhang  ot  the  adjoining 
carriage,  and  thus  forming  two  open  platforms  between 
the  three  carnages.  Upon  each  of  these  a  guard  travels 
with  the  train.    These  guards'  platforms  are  protected  at 
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tfae  ridei  by  iron  kttioe  aUding  doora.  The  carriages  are 
lighted  by  electric  light,  the  current  for  the  lamps  being, 
in  Hke  manner,  taken  off  from  the  eondactor.  The  electric 
generating  station  is  a  large  white  brick  building,  about 
150ft.  in  length  and  80ft.  in  width,  and  lofty  in  proportion." 

This  railway,  as  has  been  said,  is  constructed  on  a  novel 
method  designed  by  Mr.  Greathead,  M.LG.K,  in  the  form 
of  two  drculsr  iron  tunnels,  10ft  in  diameter,  driven 
through  the  London  day,  and  about  60ft.  below  the  surf ace< 
The  rerident  engineer  is  Mr.  Mott»  under  whose  immediate 
directions  the  work  has  been  done. 

A  scheme  to  work  this  railway  by  electricity,  to  avoid 
the  use  of  steam  and  its  noxious  results,  or  the  use  of  rope 
traction,  with  slow  speed  and  other  disadvantages,  was 
submitted  to  the  company  by  Messrs.  Mather  aod  Piatt, 
engineersi  libinchester.  The  company  accepted  the  scheme, 
which  is  entirelv  original  in  its  main  features,  though  based 
upon  the  ezpenenee  obtained  by  Dr.  £dward  Hopkinson, 
a  partner  of  tfae  above  firm,  in  the  construction  of  the 
Bessbrook  and  Newry  narrow-gauge  electrical  railway  in 
Ireland.  The  contract  for  the  carrying  out  of  the  whole 
scheme  designed  by  Messrs.  Mather  and  Piatt  was  com- 
mitted to  that  firm.    They  have  employed  Messrs.  John 


square  inch,  and  have  been  built  of  exceptionally  massive 
proportions.  They  run  at  100  revoludons  per  minute, 
giving  a  piston  speied  of  450ft.  per  minute.  They  are  fitted 
with  automatic  expansion  gear  of  improved  type  on  both 
the  high-pressure  and  low-pressure  cylinders,  and  are  con- 
trolled by  a  powerful  governor  having  a  capacity  of  750 
foot-pounds,  which  is  driven  direct  from  the  crankshaft  by 
cotton  ropes.  The  automatic  gear  being  so  arranged  as  to 
cut  off  the  steam,  if  necessary,  in  both  cylinders  from  dead 
cut  off  to  f  of  stroke.  The  engines  will  indicate  up  to  375  Lp. 
each.  The  cylinders  are  steam- jacketed,  the  high  pressure  is 
17in.  diameter  and  the  low  pressure  27in.,  stroke  27in.    The 

5istons  are  fitted  with  Mather  and  Piatt's  rings  and  springs, 
be  valves  are  specially  arranged  with  multiple  parts,  which 
reduces  their  movement  considerably  and  still  gives  a  very 
prompt  action  ;  as  the  ports  are  as  close  as  possible  to  the 
end  of  each  cylinder, the  loss  of  pressure  by  wire  drawing  is 
very  small  The  flywheels  are  14ft.  diameter  and  28irL 
broad,  and  drive  the  dynamos  direct  by  means  of  leather 
chain  belts  26in.  wide. 

The  engines  are  supplied  with  steam  from  six  Lancashire 
boilers,  7ft.  diameter  by  28ft.  long,  which  are  fitted  with 
Vicars  mechanical  stokers.    Two  laige  feed-water  heaters 
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Section  of  Mather  and  Piatt's  Electric  Locomotive  used  on  the  City  and  South  London  Railway. 


Fowler  and  Co.,  of  Leeds,  to  supply  the  boilers  and  engines 
to  work  the  dynamos  for  generating  the  current  of  elec- 
tricity ;  also  Messrs.  Beyer,  Peacock,  and  Co.  to  construct 
the  framework  of  their  electrical  locomotives.  The  whole 
electrical  plant  has  been  carried  out  under  the  special 
superintendence  of  Dr.  Edward  Hopkinson,  F.KS.,  of  the 
firm  of  Messrs.  Mather  and  Piatt.  Dr.  John  Hopkinson 
has  acted  throughout  as  consulting  engineer,  and  Mr.  G.  A. 
Orindle  as  resident  electrical  engineer. 

A  number  of  small  tramways,  both  on  the  Continent  and 
in  the  United  Kingdom,  have  been  worked  electrically,  and 
in  the  United  States  many  of  the  street  tramways  are 
worked  in  this  way,  but  it  has  not  hitherto  been  applied  on 
any  large  scale  to  the  working  of  a  railway  of-  the  usual 
gauge  for  passengers. 

The  following  are  the  particulars  of  the  plan  of  Messrs. 
Mather  and  Piatt  and  details  of  varipus  parts  of  the  work. 

The  whole  of  the  plant  for  generating  the  electrical  cur- 
rent is  situated  at  Stockwoll,  the  suburban  terminus  of  the 
line.  At  this  point  a  complete  plant  has  been  erected  for 
the  generation  of  the  electrical  current  There  are  three 
large  generator  dynamos  of  the  Edison-Hopkinson  type, 
each  worked  independently  by  a  vertical  compound  engine, 
designed  and  constructed  by  Messrs.  John  Fowler  and  Co. 

The  endues  work  at  f^  steam  pressure  of  1401b.  per 


are  also  supplied  with  brass  tubes  of  ample  surface  for 
receiving  the  whole  of  the  exhaust  steam  from  the  engine 
without  back  pressure. 

The  generator  dynamos  are  of  the  Edison-Hopkinson 
patent  type  with  bar  armatures,  fitted  with  all  the  latest 
patented  improvements  of  Messrs.  Mather  and  Piatt.  The 
weight  of  the  armature  alone  is  about  two  tons,  the 
weight  of  the  entire  machine  being  something  over  17  tons. 
Each  machine  is  capable  of  generating  450  volts  and  450 
amperes.  The  commutators  are  of  hard  copper  insulated 
with  mica.  There  are  three  brushes  on  each  rocking  arm, 
each  separately  adjustable  with  bring-forward  thrust  and 
hold-off  catch.  The  magnet  limbs  are  exceedingly  massive, 
each  limb  with  its  pole-piece  being  over  four  tons  weight, 
while  the  yoke  of  the  machine  weighs  about  three  cons. 

The  machine  can  be  run  over  as  shunt  or  compound  only 
as  required.  The  total  weight  of  copper  wire  on  the 
magnet  of  each  machine  is  nearly  one  and  a  half  tons.  The 
Edison-Hopkinson  dynamo  is  well  known  as  being  one  of  the 
most  efficient  machine  constructed. 

The  present  machines  have  an  electrical  efficiency  of  96 
per  cent.,  or  slightly  over,  and  the  measured  efficiency  of 
the  engine  and  dynamo — ».6.,  ratio  of  the  electric  power 
available  outside  Uie  dynamo  to  the  i.h.p.  of  the  engine — U 
pver  75  per  cent, 
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Sir  Willism  Tfaonuon's  multicellular  electrostatic  volt^ 
meters  are  used  for  measuring  the  E.M.F.  The  current 
from  the  dynamos  is  conveyed  to  a  general  diatributing  and 
testing  switchboard  fixed  in  a  recess  of  the  eogine-house. 
From  this  board  the  main  circuits  are  taken  to  various 
parts  of  the  line,  and  the  current  passing  through  each 
circuit  is  measured,  and  suitable  arrangements  are  provided 
for  switching  over  from  one  circuit  to  another. 

The  illustrations  show  a  plan  of  the  engine-house  and 
also  au  elevation  of  the  engines  and  dynamos.  They 
explain  themselves.  We  shall  take  another  opportunity  of 
illustrating  and  referring  to  the  motor-engine. 

The  main  cables  have  been  manufactured  by  the  Fowler- 
Waring  Company,  of  North  Woolwich,  and  consist  of  a 
copper  core  ol  "'/u  B.W.G.,  insulated  with  Fowler- Waring 
patent  insulating  material,  and  lead  sheathed. 

The  working  conductor  is  of  channel  steel  carried  on 
glass  insulators,  the  joints  being  fished,  and  also  connected 
with  copper  strips.  The  general  arrangement  of  the 
working  conductor  is  exactly  the  same  as  that  employed  by 
Dr.  Edward  Hopkinson  on  the  Bessbrook  and  Newry  line. 
The  Et«el  employed  is  of  very  high  conductivity,  and  has 
been  rolled  specially  for  the  purpose  by  the  Shelton  Irpn 
and  Steel  Company,  of  Stoke-on-Trent.  The  working  con- 
ductor is  divided  mto  sections  for  convenience  of  testing 
and  carrving  out  repairs  on  the  permanent  way.  The  insu- 
lation obuined  is  extraordinarily  high.  When  the  full 
pressure  of  500  volts  is  on  the  complete  system  of  working 
and  feeding  conductors,  the  leakage  current  does  not 
exceed  one  ampere,  so  that  the  total  loss  by  leakage  is  less 
than  1  h.p. ;  this  is  a  small  fraction  of  1  per  cent,  of  the 
total  power  required  for  working  the  line  to  its  full 
capacity.  The  current  is  collected  from  the  working  con- 
ductor by  sliding  shoes  of  iron  or  steel  arranged  in  a  very 
similar  way  to  that  employed  on  the  Bessbrook  line. 

Fourteen  electric  locomotives  have  been  sujiplied  by 
Messrs.  Mather  and  Piatt  for  working  the  line,  each  capable 
of  developing  up  to  100  effective  h.p.,  and  of  lunning  up 
to  26  or  26  miles  per  hour.  The  armatures  of  the  loco- 
motives are  constructed  bo  that  the  shaft  of  the  armature 
is  the  axle  of  the  locomotive ;  jn  this  way  all  intermediate 
gear  and  all  reciprocating  parts  are  entirely  obviated.  The 
method  was  suggested  by  the  late  Sir  William  Siemens 
some  years  ago,  but  has  not  as  yet  been  employed  else- 
where. The  locomotives  have  a  fixed  wheel  base  and  a 
motor  is  fitted  on  each  axle,  the  axle  not  being  coupled, 
but  working  quite  independently.  The  current  is  conveyed 
from  the  collecting  shoes  through  an  ampere-meter  to  a 
regulating  switch,  then  to  a  reversing  switch,  thence  to  the 
magnetfi,  and  back  through  the  framework  of  the  loco- 
motive to  the  rails,  so  completing  the  electrical  circuit. 
The  locomotives  are  fitted  with  Westinghouse  automatic 
air  brake  and  also  a  screw  hand  brike,  and  they  are  lighted 
from  the  working  conductor.  The  train  when  loaded  will 
weifih  30  tons,  and  it  is  intended  that  10  trains  shall  be 
worked  on  the  line  at  one  time. 

The  arrangements  along  the  whole  line  for  public  traffic 
are  well  advanced.  The  Tiftx  at  all  five  stations  are  of  the 
same  type — namely,  semi-circular  in  form,  and  carry  50 
persons  at  a  time.  Two  such  lifts  work  in  the  same  shaft 
25ft.  in  diameter.  No  tickets  will  be  issued  at  booking 
offices,  but  passengers  entering  from  the  roadways  will  pay 
their  money  and  pass  through  turnstiles,  going  down  by 
the  lift  or  by  stairs  at  their  option.  The  carriages  are  all 
alike  cushioned  and  comfortably  fitted,  there  being  no  dis- 
tinction between  classes.  The  charge,  too,  will  be  uniform, 
twopence  being  the  fare  for  the  whole  or  anv  part  of  the 
distance.  The  limit  of  speed  of  the  electric  locomotive  is 
25  miles  an  hour.  Ultimately  the  trains  will  follow  each 
other  at  three  minutes  intervals,  but  at  the  commencement 
of  the  traffic  they  will  start  about  7.30  a.m.  and  run  every 
five  minntes.  In  all  matters  relating  to  the  efficiency  and 
security  of  working  of  the  undertaking  admirable  fore- 
thought is  evinced.  The  lifts  have  been  provided  by 
Messrs.  Armsb^ng,  Mitchell,  and  Co.,  of  Elswick. 


A   NEW   ASBESTOS-FACED   VALVE. 

The  v«lve  which  we  illustrate  has  been  brought  nut 
to  meet  a  want  by  supplying  a  flexible  aeatii^  which  can 


be  renewed,  if  necessary,  in  a  few  minutes  by  an  ordinary 
workman  at  a  cost  of  a  few  pence,  and  for  which  no  special 
toots  are  reqnirod.  In  the  illtistmtions,  A  represents  the 
form  of  seat  adopted  in  this  valve,  which,  in  addition  to 
the  ordinary  angled  seat,  has  a  round  edge  to  prevent 
damage  to  the  packingring,  fi,  when  the  latter  is  brought 
into  contact  with  it.  T>  is  a  loose  valve,  actuated  in  the 
ordinary  manner  by  a  screwed  spindle  working  in  gland  of 
the  valve  top,  which,  when  first  set  down,  brings  the 
packing  ring,  B,  on  to  the  seat.  A,  and  for  ordinary  pressure 
a  perfectly  tight  and  elastic  joint  is  thus  made.  But  by 
setting  the  loose  valve,  D,  hanl  down,  the  sliding  cone,  C, 
comes  into  contact  with  the  angle  of  seat,  A,  and  being  free 
on  the  guide  stud,  E,  is  forced  into  the  chamber  of  tJie. 
loose  valve,  D,  and  by  compressing  Uie  packing  ring,  B, 
prevents  it  from  being  damaged. 


BeU's  AebeatM-fa«ed  Vale. 

When  the  packing  ring,  B,  is  thoroughly  protected  by 
the  lower  projection  of  the  loose  valve,  D,  tliere  is  little 
tendency  for  B  to  become  damaged  by  the  passage  of  steam 
or  water  through  the  valve,  but  even  should  it  be  entirely 
washed  out,  a  tight  metal  to  metal  seating  is  the  result  by 
A,  C,  and  D  being  brought  closely  together. 

It  is  claimed  t^t  the  valve,  through  its  elastic  seating, 
is  not  affected  either  by  grit,  dirt,  expansion,  contraction, 
or  uneven  seating,  which  makes  it  alike  suitable  for  the 
highest  or  lowest  pressures  of  steam,  hydraulic,  or  general 
water  valves  by  the  insertion  of  packing  rings  made  of  the 
most  suitable  material  to  meet  the  various  uses. 


Bell's  Asbestos- faced  Vslve — Section. 

We  understand  that  a  l^in.  valve  made  under  this  patent, 
after  being  tested  for  three  months  at  a  steam  pressure  of 
lOOlb.  per  square  inch,  has  been  found  to  hold  perfectly 
tight.  It  was  subsequently  tested  hydraulicly,  and  l^ 
being  lightly  screwed  down  held  a  pressure  of  2,2401b.  per 
square  inch. 

The  packing  ring  used  for  these  trials  was  made  up 
specially  in  asbestos,  and  is  still  in  perfect  order,  and  we 
are  assured  it  has  not  been  removed  at  any  time  during  oi 
since  the  above  trials.  The  valve  is  being  introduced  by 
Bell's  Asbestos  Company,  of  118,  Southwark-atreet,  S.E. 
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IMPORTANT  NOTICE. 


We  may  oecasionaUy  follow  the  lead  of  our  American  Oontem- 
poraries,  especially  when  tkey  point  Old  a  aoroieeable  way.  They 
are  not  baehward  in  asking  their  friends  to  do  aU  they  can  for  the 
welfare  of  the  paper.  We  ask  our  friends  to  remember  tM.  No 
Paper  that  we  know  ever  refuses  Subsoribers  or  AdveHisers.  Nor 
do  we;  in  fact,  we  invite  them,  believing  that  they  wiU  get  fuU 
value  for  their  money. 

Speoimen  copies  of  the  paper  wM  be  sent  on  request.  ( 


''VIBES  ACQumrr  eundo." 

We  accept  a  qaotation  of  the  Telegraph  when  de- 
scribing the  opening  ceremony  of  the  City  and  Sonth 
London  Electric  Bailway.  not,  however,  to  apply  it  to 
the  acceleration  of  the  car,  but  because  the  quotation 
aptly  describes  what  is  happening  with  electric 
traction.  Like  the  snowball,  it  too,  gathers  as  it 
proceeds.  Electric  traction  must  expand  and  gather 
strength  as  time  goes  on.  For  a  long  time  Eng- 
land has  had  to  take  a  back  seat  in  installation 
work,  whether  for  lighting  or  power.  Assisted  by 
peculiar  conditions,  America  has  gone  ahead  till 
our  light  stations  are  comparatively  few  to  theirs, 
and  our  power  stations  still  fewer.  But,  after  all, 
there  is  a  solidity  about  the  English  way  of  going  to 
work  which,  when  careftilly  examined,  must  be 
admired  by  all.  We  do  not  admit  having  learned 
much  from  our  cousins  in  lighting  matters,  but,  un- 
doubtedly, they  have  taken  the  initiative  and  possess 
the  experience  in  traction  matters.  Their  successes 
and  their  fiedlures  have  been  examples  of  work  to  be 
considered  by  us,  to  be  followed  or  avoided  according 
as  they  proved  right  or  wrong.  A  few  miles  of 
tramways  in  England  and  Ireland  is  the  snm  of 
our  previous  work.  The  opening  of  the  South 
London  Electric  Bailway  by  the  Prince  of  Wales  on 
Tuesday  inaugurates  a  new  era  in  electric  traction, 
and  has  removed  a  reproach.  The  engineering 
required  to  successfuUy  cope  with  the  proposed  work 
thereon  is  of  a  fiskr  higher  order  than  the  successfdl 
equipment  of  an  ordinary  electric  tramway  served 
by  overhead  wires.  It  is  a  real  application  of 
electricity  to  railway  work,  though  it  must  at  once 
be  admitted  that  many  of  the  circumstances  con- 
nected with  this  new  line  are  extremely  favourable 
to  the  success  of  electricity.  We  have  none  of  the 
troubles  with  the  conductors  which  arise  in  street 
traffic.  No  outside  interference  is  possible.  The 
whole  system  is  under  the  absolute  control  of  the 
superintending  engineer.  It  is  not  our  province  here 
to  describe  the  details  of  the  work — that  is  done  else- 
where ;  but  we  wish  to  point  out  the  great  claims  of 
electricity  for  such  work.  There  is  one  thing,  how- 
ever, that  ought  to  come  into  the  forefront,  and  that 
is  a  strong  condemnation  of  newspaper  men  writing 
what  is  not  true.  The  Telegraph,  for  example,  in  its 
article  inculcates  the  idea  that  when  coal  may  be 
exhausted,  electricity  will  wholly  or  partly  supply 
its  place.  So  far  as  our  information  serves  us  at 
the  fm  de  siecle  this  view  is  arrant  twaddle  and  utter 
rubbish.  At  the  present  time  lack  of  coal  would 
certainly  mean  lack  of  that  something  which  is 
commonly  called  "electricity."  We  suppose  such 
writing  goes  down  with  the  multitude,  and  school- 
masters and  teachers  have  to  contend  against  this 
dissemination  of  "  evil  knowledge."  The  men  who 
write  these  articles  are  supposed  to  be  scholars,  and 
80  far  as  quoting  Latin  and  Greek,  and  ctftain 
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familiar  lines  from  English  authors,  is  scholarship, 
they  have  it  and  to  spare.  Heaven  forbid,  however, 
that  in  the  near  fatnre  this  abihty  should  constitute 
education.  The  mischief  done  by  such  men  is  in- 
calculable, because  they  are  assumed  by  their  readers 
to  be  competent,  nay,  the  very  highest  authorities — 
they  must  know,  and  from  their  words  there  is  no 
appeal. 

The  two  important  properties  that  render  elec- 
tricity so  suitable  for  underground  working  are,  first, 
that  its  use  greatly  lessens  the  initial  expense,  and, 
secondly,  that  it  simplifies  the  question  of  ventilation. 
Cable  traction  would  be  as  suitable  perhaps  had  the 
question  of  ventilation  alone  to  be  considered,  but 
the  initial  cost  of  cable  traction,  and  the  constant 
cost  of  maintenance,  would  be  fax  greater  than  with 
electricity.  It  is  almost  out  of  the  question  to 
employ  steam,  which  has  only  the  one  recommenda- 
tion of  cheapness,  though  we  do  not  accept  the 
dictum  that  mere  cheapness  of  generation  determines 
the  use  of  steam  or  of  electricity.  The  incidental 
expenses  that  would  be  involved  by  the  use  of  steam 
put  it  aside,  hence  the  comparisons  made  of  the 
contracted  cost  per  train  mile  for  electricity,  and  the 
ascertained  cost  per  train  mile  for  steam  elsewhere, 
is  of  no  value  whatsoever.  We  have  always  thought 
that  the  method  of  computing  train  mile  cost  upon 
our  railways  is  wrong.  The  total  mileage  run  divided 
into  the  total  expenses  of  every  kind,  gives  the  cost 
of  a  train  mile.  Upon  the  Stockwell  line  the  true 
cost  per  train  mile  will  be  found  this  way,  and  not 
by  asking  what  is  paid  to  contractors.  Before 
dividends  are  paid  all  expenses  have  to  be  met,  and 
these  are  met  by  the  receipts  derived  from  running 
8o  many  train  miles.  The  use  of  steam  on  such  a 
line  as  this  might  add  twopence  or  tenpence  per  train 
mile  to  the  expenses,  though  the  direct  comparison 
ofcoaland  water,  etc.,  consumed  might  be  in  favour 
of  steam.  The  usual  method  of  making  comparisons 
then  seems  altogether  misleading.  In  various 
quarters  it  has  been  suggested  that  breakdowns  will 
probably  be  numerous,  and  may  be  dangerous.  With 
regard  to  the  former,  who  can  prophesy  ?  Can  they 
be  worse  than  the  case  of  a  suburban  railway  this 
last  month,  in  which  one  particular  train,  it  is  said, 
broke  down  nine  mornings  in  succession?  Passengers 
do  not  like  turning  out,  or  being  delayed,  yet  how 
few  trains  arrive  punctually.  The  returns  of  the 
companies  are  no  doubt  not  intentionally  incorrect, 
but  let  anyone  test  the  London,  Chatham,  and 
Dover ;  the  South-Eastem,  and  one  or  two  other  lines 
by  the  station  clocks,  and  we  venture  to  think  they 
will  be  unable  to  understand  how  it  is  chat  the 
returns  show  so  great  a  percentage  of  punctual 
arrivals.  With  the  Stockwell  railway,  punctuality 
should  be  the  rule  and  not  the  exception.  As 
regards  danger,  this  seems  reduced  to  a  minimum. 
We  trust  that  the  successful  opening  of  the  line  will 


be  followed  by  a  long  and  successful  career,  well 
knowing  that  no  effort  on  the  part  of  the  engineers 
will  be  wanting  to  ensure  this  success. 


ST.  PANCBAS. 

In  a  few  towns  the  electric  lighting  has  been  kept 
in  the  hands  of  the  authorities,  but  the  metropolitan 
area  has  been  pretty  well  divided  up  amongst  various 
supply  companies.  However,  the  St.  Pancras  Vestry, 
following  out  long  expressed  views,  will  carry  out  the 
work  for  its  own  district,  and  hopes  thereby  to  effect 
a  considerable  saving  to  the  consumer.  Here,  then, 
we  shall  get  cheek-by-jowl — the  supply  companies  and 
the  local  authority  working  under  similar  conditions, 
and  the  future  will  tell  us  which  is  the  better  plan. 
Existing  views  on  this  question  are  divided,  some 
supporting  supply  companies,  others  the  authorities. 
If  red-tapeism  and  jobbery  can  be  kept  out 
of  the  work,  there  is  absolutely  no  doubt,  in 
our  opinion,  but  that  the  local  authorities 
are  the  proper  persons  to  supply  the  light.  We  are 
in  favour  of  both  water  and  light  being  under  such 
control,  and  not  in  the  hands  of  private  companies. 
The  St.  Pancras  authorities  estimate  that  they  can 
borrow  the  necessary  money  at  3^  per  cent.,  repay 
principal  and  interest  in  a  period  of  42  years,  and 
supply  the  light  at  6d.  per  unit.  At  this  price  a 
yearly  income  is  anticipated  that  will  yield  20  per 
cent,  upon  the  capital  outlay.  We  think  this  a  large 
estimate  and  sincerely  hope  the  result  may  bear 
it  out,  but  a  more  modest  estimate  would  please  us 
better.  The  local  authority  ought  not  to  work  for 
profit,  and  should  sell  the  energy  at  such  a  price  as 
would  give  suflGicient  revenue  to  pay  all  expenses 
and  leave  the  amount  required  for  repayment  of 
capital  and  the  interest. 


CHELSEA  VESTRT. 


The  Works  and  Qeneral  Purposes  Oommittee  at  the  last 
meeting  of  the  Vestry  reportea  that  they  had  considered 
the  letter  from  Mr.  Sydney  Morse,  on  behalf  of  the  Chelsea 
Electricity  Supply  Company,  dated  29th  July,  applying  for 
the  consent  of  the  Vestry,  as  the  road  authority,  to  a  pro- 
visional order,  authorising  the  comnany  to  construct  tram- 
ways in  this  parish,  notifying  that  tne  streets  proposed  to 
be  included  m  the  provisional  order  are  "  The  King's-road, 
from  the  boundary  of  the  Fulham  parish,  eastwards  to 
Sloane-square,  thence  eastwards  through  SloaneH^quare  to 
boundary  of  St  George's,  Hanover-square,  in  Westbourne- 
place ;  the  Fulham-road,  from  the  boundary  of  the  Fulham 
parish  on  the  west  to  a  point  opposite  the  northern 
end  of  the  Marlborough-road ; "  stating  that  the  motive 
power  to  be  adopted  will  be  electricity,  and  asking 
for  an  opportunity  of  appearing  before  the  Vestry, 
and  lajring  their  proposals  before  them  in  greater 
detail ;  and  in  connection  therewith  a  letter  from  Mr. 
£.  B.  Trotter,  secretary,  West-end  Tramways  Opposi- 
tion Association,  dated  24th  September,  asking  that  an 
opportunity  may  be  given  to  those  interested  in  the  route 
of  the  proposed  tramways  to  lay  any  objections  they  may 
have  to  the  scheme  before  the  Vestry.  The  committee  have 
had  before  them  a  deputation,  oonsuting  of  Mr.  Ernest  B. 
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Trotter,  19,  Great  George-street,  S.W.,  Major  Frederick 
JosselvD,  Stanley  Works,  KingVroad,  Mr.  J.  W.  Bowden, 
533,  Riiig's-road,  Messrs.  J.  mmsett  and  Son,  489,  King's- 
road,  Messrs.  James  Veitch  and  Sons,  544,  King's-road, 
and  Mr.  W.  Scarborough,  The  Mansions,  Earls  Court,  who 
presented  a  petition  bearing  the  signatures  of  411  free- 
holders, leaseholders,  and  holders  of  property  in  the  King's- 
road,  Fulham-road,  and  elsewhere  in  the  parish,  as  follows  : 

To  the  Vestry  for  the  parish  of  8t,  Lake's,  Chelsea. 

The  petition  of  the  undersiffned  owners,  lessees,  and  occupiers 
of  Utna,  hoQses,  shops  and  otner  premises  situate  in  King's-road 
and  Fnlham-road,  Chelsea,  showeth  as  follows : 

1.  Your  petitioners  are  informed  that  the  consent  of  the  Vestry 
has  been  requested  by  the  Chelsea  Electricity  Supply  Company, 
Limited,  to  the  lajring  down  of  tram  lines  along  tne  King's-road 
and  Fulham-road,  Chelsea. 

2.  Your  petitioners  submit  that  the  said  roads  are  unfitted  for 
the  working  even  of  a  single  line  with  safety.  As  to  the  King's- 
road  (first)  on  account  of  its  narrowness,  especially  between  Paul- 
ton-square  and  Park-walk,  and  near  Sloane-square ;  (second) 
because  of  the  two  bends  in  the  road  at  right  angles  near  Park- 
walk  ;  (third)  the  lining  of  the  road  with  oostermongers'  barrows  in 
the  evening  ;  (fourth)  the  majority  of  the  traffic  being  heavy  traffic 
from  the  coal  wharves  and  large  manufactories  and  places  of 
business,  etc.  As  to  the  Fulham-road  (first),  on  account  of  the 
narrowness  of  the  road,  especially  near  Drayton-gardens  and 
Gilston-road  ;  (second)  the  serious  nuisance  and  inconvenience  to 
five  public  hospitals ;  (third)  the  large  traffic,  especially  at  the 
junction  with  Redclifie-gardens. 

3.  Tramways  are  not  needed,  there  being  ample  accommodation 
for  all  requirements  by  omnibuses  and  other  vehicles,  as  weU  as  by 
the  railways. 

Your  petitioners,  therefore,  respectfully  urge  the  Vestry  to 
withhold  their  consent  to  the  proposed  and  to  any  similar  schemes, 
and  to  use  their  best  endeavours  to  induce  the  London  County 
Council  to  take  the  same  course. 

A  deputation  consisting  of  Major-General  Webber  and 
Mr.  S.  J.  Cluer  also  appeared  before  the  committee  in 
support  of  the  application  for  the  Vestry's  sanction  to  the 
proposed  scheme,  and  explained  in  detail  the  proposals  of 
the  promoters.  The  committee,  however,  having  fully  con- 
sidered these  proposals,  together  with  the  objections  thereto 
urged  in  the  aforesaid  petition,  recommended  that  the 
Vestry  withhold  their  consent  to  this  scheme,  and  that  in 
the  event  of  the  promoters  proceeding  any  further  in  the 
matter,  the  Vestry  oppose  it,  and  this  was  carried. 

It  seems  that  the  opposition  was  principally,  if  not 
whoHy,  on  account  of  the  narrowness  of  the  roadways. 


ON  DIFFERENT  METHODS  OF  PRESSURE  REGU- 
LATION IN  DISTRIBUTING  SYSTEMS  AND  THEIR 
RELATIVE  COST* 


The  ideal  which  all  parallel  working  systems  try  to 
realise  is  the  maintenance  of  an  absolutely  or  at  least  nearly 
constant  pressure  on  the  terminals  of  the  consuming  appa- 
ratus (lamps,  motors,  etc.).  Besides  the  practically  impos- 
sible way  of  connecting  each  single  apparatus  by  special 
wire  to  the  collecting  bars  at  the  central  station,  there  are 
different  methods  in  use,  which  have,  however,  all  one  point 
in  common,  namely,  to  keep  the  pressure  constant  only  at 
several  ix)ints  or  centres  of  distribution  in  the  network,  the 
sections  of  which  are  so  calculated  that  the  fall  of  potential 
in  them,  even  at  full  load,  does  not  exceed  the  limits  of 
safety  allowed  for  the  lamps.  (The  pressure  for  a  110- volt 
lamp  may  be  exceeded  up  to,  say,  111*5  volts  without 
serious  injury  to  the  lamp.)  At  full  load  we  allow  about 
three  volts  to  be  lost  from  the  junction  of  the  feeders  to  the 
furthest  lamp,  and  keep  the  pressure  at  the  feeder  points  for 
light  loads  at  110  volts,  increasing  with  the  load  to  111*5 
volts.  Now  the  methods  only  differ  in  the  way  by  which 
the  pressure  is  kept  constant  at  the  feeding  points  : 

1.  Regulation  by  an  KM.F. 

2.  Begulation  by  use  of  resistances. 

The  former  method  supposes  a  pressure  at  the  collecting 
bars  in  the  central  station  equal  to  the  intended  pressure 
at  the  feeding  points,  and  to  replace  the  loss  of  pressure  in 
mains  and  feeders,  either  by  storage  cells  or  a  separate 
dynamo,  the  E.M.F.  of  which  in  each  moment  is  propor- 
tional to  the  current  consumed. 

The  latter  method  consists  in  maintaining  the  station 

*  From  an  artide  by  Dr.  Gnstav  Rasoh. 


pressure  at  a  higher  value,  the  excess  being  equal  to  the 
loss  of  potential  in  the  mains,  when  at  full  load ;  as  each 
feeder  gives  a  special  drop  of  potential  we  must  provide 
each  one  with  a  regulating  resistance,  by  which  the  product 
C  X  B  is  kept  the  same  for  all,  and  where  the  regulating 
resistance  may  either  be  worked  by  hand  or  automatically. 

In  the  following  the  cost  and  the  relative  merits  of 
these  four  methods  will  be  considered,  althoush  at  fi]st  sight 
it  may  appear  as  if  the  regulation  with  an  E.M.F.  would 
prove  of  greater  advantage  than  the  resistance  methods, 
because  no  energy  is  wasted  in  heat  and  because  such  a 
station  would  be  able  to  supply  current  at  the  required 
pressure  to  the  adjacent  districts  without  other  regulating 
device.  On  the  other  hand,  the  apparatus  required  for  this 
method  is  far  more  ex^iensive  than  resistances,  and  only  a 
special  investigation  of  the  case  could  decide  upon  the 
method  to  be  adopted. 

We  have  to  establish  a  formula  for  each  of  the  four 
methods,  representing  the  total  annual  cost  of  the  regula- 
tion, composed  of 

a.  Cost  of  generating  the  electrical  energy,  which  is 
transformed  into  heat  in  the  feeders. 

p.  Interest  and  depreciation  of  regulating  gear  and 
feeders. 

y.  If  regulation  be  done  by  hand,  extra  expense  for  wages. 

For  this  purpose  we  have  first  to  find  oat  the  economical 
section  of  the  feeders,  and  then  to  represent  the  annual 
cost  as  a  function  of  the  number,  length,  and  maximum 
current  of  the  feeders. 

A.  RegulaHon  with  Aceumulaiors, 

The  following  calculations  apply  only  to  a  regulation  by 
hand  :  if  P  be  the  highest  loss  of  potential  in  one  feeder,  C 
the  maximum  current,  then  the  price  in  shillings  for  the 
cells  required  will  be  K  .  P  .  C. 

The  price,  K,  of  the  cells  per  one  watt  maximum  output  is, 
according  to  the  price  list  of  Miiller  and  Einbeck  (cells  for 
heavy  discharge)  for  1*A5  volts  per  cell,  about  8d.,  including 
packing.  An  allowance  of  10  per  cent,  must  be  made  for 
the  number  of  cells  on  account  of  the  fall  of  the  E.M.F. 
with  the  discharge. 

The  prime  cost  for  the  cells  in  one  feeder,  therefore, 
ri  X  0'66  P .  G  sh. ;  13  per  cent  interest  and  depreciation 
makes  an  annual  cost  of 

013  X  M  X 0-66  P.  0  =  0-0944  P.  C  sh. 

If  L  and  Q  are  respectively  the  length  in  metres  and 
sectional  area  in  square  millimetres  of  the  feeders,  and 
the  specific^conductivity  of  the  copper  be  65,  we  can  express 

2  Li 

the  resistance  of   the  feeder  as  trr^^t  and   the  value  of 


P  =  C 


2L 
65  Q 


55  Q 
;  the  annual  cost  therefore  is 

2L  L 

00944 ggQ .  C2  =  000343  q   •  C^ . 


(1) 


The  price  of  iron-armoured  lead  cables  with  one  pilot 
wire  is  2  L  (0025  Q  +  2-5)  =  005  L  Q  +  5  L  shillings, 
and  their  annual  cost,  allowing  8  per  cent  for  interest  and 
depreciation, 

0004 L Q  +  0-4 L  sh (2) 

2L    f 
The  annual  loss  of  energy  =  ^q  I  c-dt   (the    current, 

c,  at  a  given  time  =  j  .  C),  therefore  annual  loss  of  energy 
2L  ^.  f...         2L 


65  Q 


C2 


fpdt  = 


65  Q 


C2 .  753. 


=  27-4  -=.  C2  wattrhours, 


which  is  the  work  to  be  done  by  the  accumulators.  (The 
integration  oifpdt^lhZ  is  obtained  by  observations  made 
at  different  central  stations  during  one  year,  and  taking  the 
average  value.) 

The  accumulators  having  an  efficiency  of  75  per  cent, 
the  above  value  of  the  work  done  by  them  must  be 
increased  to 

07.4.      T  T 

^^  -=.  C«  watt-hours,  or  0-0486  -^  (?  h.p.  per  hour. 
The  price  of  1  h.pk  per  hour  would  be  Id.,  or  0*083 
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shilliDgs  at  the  central  station.    This  gives  the  annual  cost 
of  the  energy  wasted 

«000412^C8  8L    ....    (3) 

The  total  cost  of  maintenance  wi)l  be 

L  L 

0-00343 -Q  0«  +  0004 L Q  +  0*4 L  +  0-00412 -q  C«  (4) 

This  equation  has  for  Q » 1  -37  C  (economical  section)  its 
minimum  value—namely,  0011  L G  +  0-4 L. 

Now,  for  n  mains  0*01 1  2  L  0  +  0'4  2  L. 

1  1 

An  attendant  being  able  to  look  after  two  or  three 
feeders  at  once,  and  considering  his  other  services  in  the 
station,  we  may  fix  the  cost  of  attendance  per  feeder  and 
day  =  3^d.,  therefore  per  year  ^110  shillings.  The  complete 
annual  cost  is,  therefore, 

110n+0-0112LC  +  0-42L.    .     .    (A) 

1  1 

Begtdation  with  a  Special  Dynamo  {Lakmeyer^s  System). 

The  price  of  one  regulating  dynamo  f or  P  .  C  watt  may 
be  written 

L 

0-256  P  .  0  +  545 sh.  =  00093  -q C^  +  545  sh. 

With  11  per  cent  for  interest  and  depreciation  (machine 
almost  without  stress), 

L 

Annual  cost  =  0001 02  q C*  +  60 sh.     ,    (5) 

For  the  cables  as  above,  0-004  L  Q + 0-4  L  sh.  .    (6) 
Energy  wasted  in  heating  the  feeders  as  before 

27-4  A  C«  watt-hours  or.|^  Ac^  h.p.  per  hour. 

If  the  efSciency  of  the  regulating  dynamo  be  83  per  cent, 

of  the  main  dynamo  92  per  cent ;  the  cost  for  1  h.p.  from 

92 
the  regulating  dynamo  is  thus  0-083-—  »  0*089   sh.,  there- 

83 
fore  cost  of  lost  energy 


0-089|Ii  ^0«  -  0-00328  Ac^  sh. 


746    Q 


Q 


(7) 


For  one  feeder  the  total  annual  cost  0-00102  -^  0^  + 

60  sh.  +  0-004  L  Q  +  0-4  L  +  000328  ^  0>;  the  minimum 

value  of  which  for  Q  »  1*04  C  may  be  written 

0-00832  L  0  +  0-4  L  +  60. 
The  complete  expression  for  n  feeders 

0008322  LO  +  04  2  L  +  60n.  .    .(B) 
I  1 

As  the  r^ulation  is  automatic,  we  need  not  add  any  wages. 

A  distinct  difference  in  the  calculation  has  to  oe  made 
between  resistance  regulation  by  hand  or  automatically, 
because  in  the  former  case  we  are  able  to  follow  the  fluc- 
tuations of  the  potential  drop,  while  with  automatic  regu- 
lators we  must  keep  the  station  pressure  always  at  its 
maximum  value.  Besides,  we  have  to  take  into  calculation 
that,  in  contrast  to  the  E.M.F.  methods,  the  regulation  by 
resistances  require  (n  + 1)  feeders — i.e.,  one  feeder  more  for 
the  district  surrounding  the  station  itself. 

Besisiance  Begtdaiion  by  Hand. 

Feeder  1  is  supposed  to  carry  the  heaviest  load,  its 
resistance  may  always  remain  short-circuited,  and  the 
regulation  will  be  done  at  the  dynamo. 

The  current  through  1  be  Cjs;C|,  and  its  drop  of 
potential  P.    The  nature  of  the  method  then  requires 


'55  a       '      ' 


(8) 


The  loss  of  energy  in  feeder  k  =  P  .  Ck  =  Ck*Wk  =  Ck  .  C, 

1  •   J  • 

The  annual  loss  of  energy  =  753  C|,  G^  W^. 


-""^t-ra^^)' 


the  cost  of  which  amount?  to 


shillings.    Cost  of  cables,  the  same  as  above;  therefore, 
total  annual  cost 

0004 Lk  Ok  +  0-4 Lk  +  0 0837  Ok ^  (2 -^  +  Rk  Y 

\    55  vjk  / 

This  expression  becomes  a  minimum  for  Qk  «  0*87  Ck  — 

namely,  0004  Lk  x  087  Ck  +  0-4  Lk  +  00837    Ck C^  W„ 

n  n 

which  must  be  equal  to  000344  2 C L  +  0-4 2 L  +  000346 

n+l  1  1 

L  2  C.    The  price  of  each  resistance  being  20  sh.,  we  have 

1 
2  sh.  for  its  interest  and  depreciation,  and  for  all  together 
(n  + 1)  2  sh.    Wages  the  same  as  in  method  (A)  gives  a  com- 
plete annual  cost 

112(n+l)  +  0-003442CL  +  0-42L-f0-00346Li2C    (C) 

1  1  1 

AukmuUic  Begtdation  by  Besistances. 

If  the  maximum  lossof  potential  for  the  evening  be  C^'  W^, 
which  is  the  amount  the  pressure  at  the  collecting  bans  has 
to  be  increased  during  all  the  evening.  The  loss  of  energy 
caused  by  the  current  c^  in  the  feeder  k»C/Wj  Ck,  and 
during  the  evening  C/ W^/ck  dt=^Ci  Ck  W^/;  dL 

Now  let  us  write  C/ei;  C.  (n^j  max.  for  the  day)  we 

CjOk  Wi.iy/y*. 

Mar.        April       May       June 
0-79         0-64         0-63        0-55 

2-74         1*72         1*39        0*84 


have  as  loss  of  energy 

Feb. 
0-9 

3-87 

July       Am 

17 0-56 

VjicU..  1-08        1-60 


1 

v/jdi. 


Jan. 
0-9 

4-83 


Aug. 
0-M 


Sept. 
07 
2*08 


Oct. 
0-9 

4-11 


Nov. 
0-96 

5*45 


Dec 
1-0 

6-74 


Average  value  per  year,  1,080. 

Annual  loss  in  k  =  1,080  C^C^  (^  +  'B^)  Watt-hours, 

\55Qk        / 

the  coet  of  which  is  IM.^^!^C,  C.  (^+K.)  - 


Ek) 


Price  of  cables  as  above. 
The  total  0-004 LkQk+0-4L|,+0-115CiCk 

\55Qk 

will  be  a  minimum  for  Qk=»l*03  C^  namely,  for  all  the 
feeders  together,  including  60  shillings  interest  and  depre- 
ciation for  each  regulator. 

000412  2LC  + 0-4  2L  +  000414Li2C  + 60  (n  +  l)sh..(D) 
11  1 

In  order  to  decide  as  to  the  relative  merits  of  the  four 
methods,  we  have  to  make  several  limiting  suppositions ; 
in  all  these  cases,  where  the  feeders  -are  of  very  different 
length,  it  is  not  advantageous  to  adopt  the  resistance 
method,  because  the  economical  section  of  the  feeder  is 
proportional  to  the  maximum  strength  of  current,  and  there- 
fore the  allowable  loss  of  potential  proportional  to  the 
length  of  the  feeder. 

Now  let  us  suppose  that  all  feeders  are  of  equal  length, 
and  their  load  also  pretty  nearly  the  same. 

Case  I. — 300  lamps  of  0*5  amp.  each  =  150  amp.  for  one  feeder 

T      /  100  m. 
^  =  \400 


m. 


Aoonmulator  

Dynamo   

Hand  resistance... 
Automatic  


n=3 

4=100 

n«10 
4=100 

n=16 
4=100 

n=3 
4=400 

n=10 
4=400 

945 
675 
932 
794 

3,150 
8,86e 
2,724 
2,362 

5,040 

s,eeo 

4,260 
3,702 

2.790 
8,160 

2,380 
2,460 

9,300 
7,200 
7,18e 
7,490 

nsl6 
4=400 

14,900 
11,500 
11,8M 
11,760 
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For  small  plants  the  regulation  with  dynamos  is  favour- 
able, whilst  for  larger  plants  it  is  better  to  use  hand  regu- 
latlon  with  resistances.  The  accumulators,  it  must  be 
remembered,  may  also  be  used  for  other  services,  and  will 
therefore  be  cheaper  than  was  supposed  here ;  they  offer  a 
reserve  which  could  not  be  obtained  so  cheaply  with 
another  method. 

Case  IL~dOO  lamps =260  amperes  per  feeder. 


AcoamuUtor  ... 

Ilynamo  

Hiu&d  regulator 
Automatic  


fi=3     fislO 
4=10014=100 


n=16 
4=100 


n=3 
4=400 


1,275 

1,172 
1,083 


4,260 
8,180 
3,438 
3,223 


6,800 
4,988 
6,382 
5,059 


4,110 
8,188 

3,612 


n=10 
4=400 


13,700 
10,520 
18,878 
10,030 


n=16 
4=400 


Cass  III.— 700  lamps  ^  350  amperes  per  feeder. 


Aoeamalator  ... 

Crnamo  
and  reg^aUtor 
Automatic  


Dyi 
Hai 


1,605 
1,178 
1,412 
1,372 


5,350 
8,818 

4,163 
4,095 


8,560 
8,858 

6,521 
6,429 


5,430 
4,188 

4,304 
4,768 


18,100 
13,840 
18,868 
14,400 


21,900 
16,850 
18,888 
17,180 


28,960 
22,140 
80,878 
22,660 


Since  the  cost  of  1  h.p.  varies  very  much,  these  results 
vary  also. 


INDUSTRIALISM. 


BT  W.  B»  aSSON. 


When  the  Old  Students'  AssoolatioD  did  me  the  honoor  to 
nominate  me  as  president,  I  mildly  sngBested  that  by  way  <rf 
Innovation  this  aadress  might  be  dispensea  with.  The  oommittee 
received  that  proposal,  however,  with  open  derision.  Individually 
and  collectively  it  smiled  while  declaring  that  the  suggestion  had 
been  made  before,  annually  in  fact,  and  just  as  often  as  a  president 
had  been  nominated.  The  committee  remaining  inexoiable,  the 
serious  business  of  choosing  a  subject  had  to  be  considered,  and  I 
may  confess  that  considerable  difficulty  was  experienced  in  the 
selection.  One  does  not  want  to  talk  as  a  specialist  on  such  an 
occasion,  as  the  address  can  then  interest  but  a  few.  One  wishes, 
if  possible,  to  say  something  in  which  all  the  members  will  feel 
some  interest,  notwithstanoing  the  diversity  of  the  pursuits  in 
which  they  may  be  severally  engaged.  And  surely  there  is  in 
their  occupations  plenty  of  variety.  The  Old  Students'  Asso- 
ciation includes  among  its  members  men  occupying  positions 
in  every  department  of  applied  science.  In  the  numerous 
branches  of  civil  and  mechanical  engineering,  in  departments 
ie  voted  to  the  several  applications  of  electricity,  and  m  most  of 
the  great  chemical  industries  we  find  the  Old  Students'  Associa- 
tion represented.  And  this,  I  believe,  is  oomnion  to  most  of  the 
representatives,  that  each  in  his  particular  sphere  strives  with 
mu^ht  and  main  to  achieve  success. 

fiut  whatever  branch  of  industry  we  may  be  engaged  in,  at  some 
time  or  other  we  have  attended  tne  classes  for  tedinical  instruc- 
tion, conducted  under  the  auspices  of  the  City  and  Guilds  of 
London  Institute.  It  may  have  been  for  a  Ions:  or  short  period  at 
the  Central  Institution,  at  the  Finsbury  Technical  College,  or  in  a 
subterranean  chamber  in  Cowper-street,  before  either  of  those 
places  was  built.  Anyhow,  the  scattered  members  of  this  associa- 
tion, with  their  many  diverse  interests,  are  united  by  the  bond  of 
that  old  studentship  and  the  memories  which  cling  around  it. 
True,  we  can  boast  of  no  ancient  pile  or  venerable  quadrangle 
echoing  the  voices  of  the  past,  but  if  we  are  without  the  historical 
associations  and  traditions  of  an  ancient  university,  we  are  at  least 
free  from  its  "dead  languages  and  its  undying  prejudices."  We 
are  distinctly  with  the  modems.  We  went  in  for  a  liberal  educa- 
tion, and  for  such  preparation  as  was,  righUy  or  wrongly,  conceived 
to  best  fit  us  for  rising  to  a  place  from  the  ranks  of  modem  in- 
dustry. Our  object  was  to  win,  if  possible,  in  the  industrial 
straggle — in  short,  to  make  a  living. 

And  here,  I  think,  we  touch  common  ground.  We  are  all 
engac^  in  fighting,  with  more  or  less  success,  the  battle  of  life. 
We  are  all  performing  some  function  in  the  world  of  industry. 
We  are  all  tryins  to  make  a  livine.  In  endeavouring  to  find  a 
suitable  subject  for  my  address  these  reflections  occurred  to  me, 
and  it  then  struck  me  that  I  might  occupy  your  attention  for  s 
short  time  with  the  all-important  subject  of  industriaUsm,  a  topic 
of  vast  interest  to  all  cImsss  of  the  community,  since  it  involves 
problems  the  solution  of  which  is  becoming  pre-eminently  the 
question  of  the  present  as  it  will  be  that  of  the  future. 

IndustrialiBm  is  a  growth,  and  the  present  highly  specialised 
methods  of  production  have  been  evolved  ^adnally  from  the  ruder 
processes  of  the  past.  In  savage  communities  there  was  no  variety 
of  individual  occupation.  By  turn  a  warrior,  a  hunter,  a  fisher- 
man, a  tool  maker  or  builder,  each  lived  independenUy  of  his 
neighbour,  concerted  action  only  being  taken  for  the  purpose  of 
defence.  But  in  time  individuals  showed  special  aptituaes  for 
particular  kinds  of  work.  Some  displayed  special  abilities  in 
making  weapons,  while  others,  more  intrepia  and  courageous, 

*  Presidential  address  delivered  to  the  Old  Students'  Association 
of  the  City  and  Guilds  of  London  Institute  at  Finsbury  College, 
November  6,  1890. 


showed  a  more  decided  inclination  to  use  them.  In  a  sort  of 
understanding  that  the  men  who  made  the  weapons  would  be  for* 
mslied  with  food  by  the  hunters  who  used  them,  we  can  essily 
understand  a  crude  division  of  labour  to  have  had  its  origin.  From 
a  remote  savagery  through  the  ages  which  elapsed  before  men 
began  to  learn  much  of  the  arts  of  civilisation,  the  principle  of  the 
division  of  labour  continued  to  develop  the  skill  afterwardi 
directed  towards  the  arts  of  civilisation,  being  first  engendered 
and  fostered  by  the  arts  of  war.  <*If  we  go  back  to  the  Stone  Am,' 
says  Mr.  Herbert  Spencer,  *'we  see  Uiat  the  implements  of  the 
cfaiase  and  the  implements  of  war  are  those  showing  most  labour 
and  dexterity,  ti  we  take  still  existing  human  races  which  wen 
without  metals  when  we  found  them,  we  see  in  their  skilfttUr- 
wrought  stone  clubs,  as  well  as  in  their  large  war  canoes,  that  the 
need  of  defence  and  attack  were  the  chief  stimuli  to  the  enltiTa- 
tion  of  arts  afterwards  available  for  productive  purposes.  Passing 
over  intermediate  stages,  we  may  note  in  compiratlvely  reoeiit 
stages  the  same  relation.  Observe  a  coat  of  mad,  or  one  of  the 
more  hiehly-finished  suits  of  armour— <9ompare  it  with  articles  of 
iron  and  steel  of  the  same  date ;  and  there  is  evidence  that  these 
desires  to  kill  enemies  and  escape  being  killed,  more  extreme  than 
any  other,  have  had  great  ^ects  on  those  arts  of  working  in  moUl 
to  which  most  other  arts  owe  their  progress.    Indeed,  it  may  be 

Stiestioned  whether  in  the  absence  ot  that  exercise  of  manipals- 
ve  faculty  which  the  making  of  weapons  ong;inallv  gave,  there 
would  ever  have  been  produced  the  tools  required  for  developed 
industry."^  But  in  addition  to  fostering  industrial  art,  war 
slowly  brought  about  the  conditions  wbioi  made  an  industrial 
state  of  society  possible.  It  was  by  force  of  arms  that  small 
nomadic  hordes  were  welded  into  laige  tribes,  that  tribes  were 
welded  into  small  nations,  and  that  small  nations  were  weldsd 
into  large  nations.  Only  by  the  social  aggregation  arinng  from 
warfare  were  produced  toe  conditions  under  which  the  division  of 
labour  could  be  developed  to  anv  oonsiderable  extent. 

Contemparaneonsly  with  the  development  of  industry  grew  ths 
distinction  which  gradually  become  more  emphasised  between  the 
reeulating  and  the  regulated  classes.  In  primitive  tribes  the 
chiefs  worked  like  other  members  with  their  own  hands,  and  were 
only  distinguished  from  them  by  more  than  usual  valour  exhibited 
in  attack  or  defence.  All  fought  when  the  need  aroee,  and  tiie 
separation  of  the  chief  from  the  rest  of  the  tribe,  his  oeasiDg  to 
work  with  his  own  hands,  his  gathering  around  him  warriors  dis- 
tinguished by  their  valour,  his  dividing  amongst  them  the  lands 
of  conquered  races,  the  rise  cl  feudalism,  its  ultimate  deca^  and 
the  advent  of  wage-paid  labour  were  amongst  changes  which  the 
slow  roll  of  centuries  gradually  brought  about. 

Coming  to  the  mi^e  ages,  we  find  the  arts  of  civilisation  con- 
siderably advanced ;  towns  growing  and  industrialism  advancms 
as  militancy  decreased.  The  oppression  of  feudal  lords  preesea 
hardly,  however,  on  the  growmg  industries,  and  labour  was 
burdened  with  heavy  taxes  to  maintain  largo  numbers  of  military 
retainers  in  a  state  of  idleness  and  comparative  luxury.  *'  The 
old  freemen  formed  their  frith  guilds  sgainst  the  tyranny  of 
mediaeval  magnates,"  f  and  to  defend  themselves  against  the 
extortionate*  demands  of  lawless  barons  who  were  oontinually 
waging  war  against  each  other  and  levying  the  cost  of  their 
"  expMitioos  "  on  the  struggling  industriee.  The  history  of  those 
old-world  combinations  is  extremely  interesting  reading,  but  here 
we  have  no  time  to  do  more  than  mention  their  existenoe  ;  we  are 
only  ekimminff  over  their  history  in  order  that  we  may  more 
completely  reidise  that  the  present  is  unquestionably  bora  of  the 
past. 

"So long  ae  the  towns  were  strangling  sf^ainst adversitv, all 
the  citiaens  worked  together  with  public  spirit  and  enterprise  to 
secure  their  common  welfare,  but  wnen  a  town  had  fully  achieved 
its  freedom  and  began  to  prosper,  the  oldest  families  of  traders 
began  to  insist  on  their  own  privileges  as  the  only  proper  fall 
citisens  ^d.  as  members  of  the  town  guild.  "^  While  it  was 
necessary  they  welcomed  the  combination  of  the  craftsman  against 
their  common  enemies,  but  as  the  need  for  such  combination 
diminished  the  aggressiveness  they  manifested  against  their 
inferiors  increased.  To  resist  the  pretensions  of  the  old  burghers, 
those  who  worked  at  diffisrent  trades  accordingly  formed  them- 
selves into  craft  guilds,  and  for  many  generations  the  struggle 
between  the  two  cutsses  was  carried  on.  But  at  length  the  victory 
was  gained  by  the  younger  and  more  vigorous  combinations  of 
handicraftsmen.  "In  one  town  after  another  the  craft  guilds, 
leaguing  together,  overthrew  the  town  guilds,  and  obtained 
mastery  of  the  town,"§  governing  it  after wiras  in  their  place  for 
many  generations. 

In  early  times  comparatively  little  capital  was  required  for  pro- 
duction. Industry  was  carried  on  by  hand  labour,  and  there  was 
no  expensive  machinery  to  purchase  and  keeu  in  repair.  Then, 
the  aa vantage  of  gathering  many  workers  unaer  one  roof  had  no 
existence,  and  employer  and  employed  were  practically  on  Uio 
ssme  leveL  Each  craftsman  worked  with  his  own  handis  and  in 
the  same  room  with  his  workman,  being  aided  by  two  or  three 
hired  journeymen  and  an  apprentice,  who  became  in  course  of  time 
a  craftsman  himself  The  relation  of  master  and  servant  was,  in 
those  days,  almost  patriarchal  in  its  character.  The  man  was 
brought  into  close  contact  with  his  employer  daily  and  hourly, 
and  tne  identity  of  interests  was  recognised  by  both,  for  the  class 
war  between  capital  and  labour  had  not  as  vet  commenced.  Again, 
good  work  was  done  in  these  old  days.  The  guilds  took  oare  that 
only  capable  craftsmen  should  be  permitted  to  join  their  associa* 
Uon,  and  the  standard  of  work  was  well  kept  up^    They  were 

*  Herbert  Spencer,  "The  Study  of  Sociology,"  page  194. 
f  Brentano's  "  Introduction  to  English  Quads,''^p.  195. 
ipMarahaU's  ■'  Economics  of  Industry,"  p.  46.  §  /M,  p.  46. 
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cfaftritably  inolined,  and  insured  the  worker  and  his  family  affainst 
want  in  case  miflfortune  overtook  them.  While  their  innuence 
lasted,  the  guilds  were  in  many  ways  useful,  but  they  had  their 
day,  and  a  time  came  when  the  attempts  to  regulate  trade,  and 
the  various  restrictions  they  imposed  on  industry,  became  harmful 
Then  came  a  reaction,  and  the  guilds  had  to  go,  as  have  all 
institutions  which  lack  the  power  to  adapt  themselves  to  a  changed 
condition  of  existence.  They  lost  their  influence ;  advancmg 
industry  would  not  be  restrained  in  the  old  grooves,  and  the  guilds 
refusing  to  yield,  it  forthwith  burst  the  barriers  they  had  set  up, 
and  moved  on  in  spite  of  them. 

I  have  said  that  in  early  times  there  was  little  difference  socially 
betwewi  the  craftsman  and  his  journeyman.  But  time  brought  a 
change  in  this  respect.  The  craftsmen  prospered,  and  their  savings 
accumulated  ;  capital  began  to  grow,  and  tne  gim  between  master 
and  man,  which  was  at  first  an  almost  imperceptible  fissure, 
gradually  widened.  The  former  had  grown  nch,  and  had  ceased 
to  work  with  his  own  hands,  or  associate  with  his  workmen.  As 
his  wealth  grew  he  employed  more  labourers,  whom  he  treated 
in  much  the  same  way  as  he  himself  had  been  treated  by  the  old 
buxiphers  in  former  times  ;  and  in  combining  to  protect  themselves 
a^amst  the  aggression  of  the  rising  capitalist,  the  workmen 
followed  the  example  set  by  the  craft  guilds  when  they  resisted 
the  claims  of  the  frith  guilds.  So  we  see  that  there  is  manifested 
the  same  kind  of  tendency  all  through  the  history  of  industrjr. 
Nor  is  the  reason  far  to  seek.  While  tribes  were  engaged  in 
constant  strife,  industrialism  was  bom  and  nursed  in  the  lap 
of  warfare.  The  arts  were  cultivated  chiefly  as  a  means  of 
defence  against  the  inroads  of  enemies  or  of  conquering  neigh- 
bouring tribes.  Men  were  biurbarians,  and  their  adaptauon 
to  the  restraints  imposed  by  their  living  in  the  society  of 
others  had  soarcelv  begun.  Through  centuries  of  warfare, 
of  violence  and  bloodied,  industrialism  slowly  struggled, 
civilisation  progressing  painfully  and  only  as  fast  as  savage 
hordes  settled  down  to  peaceful  occupations.  But  though  warfare 
noreed  industrialism,  consolidated  scattered  tribes,  and  oy  its  dis- 
cipline converted  a  savage  incapable  of  continuous  application  into 
the  man  who,  as  a  citisen,  works  from  mom  till  eve,  it  left,  alas  I 
its  bitter  traits  behind.  In  early  times  every  member  of  the 
tribe  was  a  fighter,  and  only  slowly  was  the  separation,  at  first 
partial,  between  soldiers  and  citizens  accomplished.  The  latter 
were  liable  to  be  called  upon  for  military  service  for  a  long  period, 
and  when  the  separation  was  complete  it  was  a  soldier  who  had 
become  a  citisen— a  soldier,  inasmuch  as  he  or  his  ancestors  had 
been  trained  in  cruelty,  disciplined  in  butchery,  had  been  schooled 
in  treachery,  and  had  revelled  in  bloodshed.  And  with  this 
inheritance  from  the  past,  bearing  in  mind  how  slowly  human 
nature  changes,  and  how  ver^  gxudnal  has  been  the  process  of 
adaptation  to  the  social  condition  so  far,  is  it  any  wonder  that 
citizens  should  have  manifeBted,  though  in  a  less  degree,  the 
aggression  and  the  cruelty  and  the  persecution  of  former  ages  ?  Is 
it  matter  for  surprise  that  industrialism  should  have  displayed  to 
a  lai^e  extent  tne  character  of  the  militancy  from  which  it  was 
devefoped  ? 

But  we  come  now  to  the  end  of  the  seventeenth  or  beginning  of 
the  eighteenth  century,  when  began  that  new  era  of  steam,  by 
which  the  world  has  been  revolutionised.  It  was  for  pumping  the 
water  out  of  mines  that  Thomas  Savery,  in  1698,  took  out  his 
patent  for  an  engine  to  raise  water  by  fire.  I  need  not  describe 
this  engine,  whicn  to  most  of  you  is  probably  well  known.  As  a 
pumping  engine  it  was,  of  course,  very  inefficient,  its  duty  bein^ 
something  less  than  one-tenth  that  of  a  modem  one.  But  there  is 
one  thing  I  would  mention  here  as  illustrating  the  opposition  at 
that  time  to  Uie  introduction  of  any  appliance  whicn  appeared 
to  dispense  with  hand  labour  or  render  a  less  number  of  workmen 
necessary.  In  a  letter  addressed  to  die  "  Qentlemen  Adventurers 
hi  the  liunes  of  £ngland,"  Savery  apologises,  in  a  measure,  for  his 
invention,  saying,  "As  for  pump  making,  that  part  of  the  trade 
will  be  much  imfNTOved  by  my  engine,  for  I  must  use  board  and 
timber  for  pipes,  and  have  considerable  employment  for  pump- 
makers  and  carpenters  for  timber  used  about  my  engine.  For  my 
design  Is  not  in  the  least  to  prejudice  the  artificers,  or,  indeed,  any 
other  sort  of  people  by  this  invention,  which,  on  the  contrary,  is 
intended  for  the  oenefitand  advantage  of  mankind  in  general." 
This  language  from  an  inventor  implies  the  state  of  feeling  at  the 
time  wiui  relation  to labour-savingdevices.  In  1712,  an  improved 
pumping  engine  was  erected  at  Wolverhampton,  by  Kewcomen 
and  Ua^ey,  who  gave  us  the  beam  to  be  found  in  the  modern 
type.  Following  Newcomen,  we  had  Smeaton  and  others,  who 
made  great  improvements,  but  it  was  left  for  the  genius  of 
Watt  to  make,  m>m  1769  to  1782,  those  radical  changes  which  have 
stamped  the  great  inventor  for  all  time  as  the  father  of  the  modem 
steam  engine.  At  first  his  engine,  like  previous  ones,  was  used 
only  for  mining  purposes ;  but  soon  he  invented  his  methods  of 
converting  the  reciprocating  motion  of  the  beam  into  the  rotatory 
motion  required  for  working  machinerjr.  For  the  pump  rods  were 
Bubstituted  the  connecting  rod,  with  its  sun  and  planet  wheels  ; 
the  steam  engine  was  thus  rendered  applicable  to  any  purpose  of 
industry,  and  became  the  greatest  power  for  good — some  would 
say  for  evil — the  world  has  ever  seen. 

In  the  middle  of  the  eighteenth  century  the  industries  of  the 
country  were  carried  on,  to  a  large  extent.  In  the  homes  of  the 
operatives.  In  the  first  stage  of  cotton  manufacture,  for  example, 
the  weavers,  dispersed  in  cottages  throughout  the  country,  wove 
their  webs  from  yarn  spun  by  their  wives  and  children  on  the 
common  hand-wheel  or  distaff.  At  the  same  time,  the  weaver 
cultivated  a  small  patch  of  ground,  and  to  us,  living  midst 
the  moU  and  toll  of  this  nineteenth  centuiy,  the  picture  of 
domestic  industry  and  family  Ufe  thus  presented  is  very  pleasant 
to  dwidl  upon*    Honest  John  Raskin,  whose  heart  in  matters 


of  political  economy  is  very  much  better  than  his  logic,  may  not 
be  quite  aloito  in  lamenting  the  gradual  extermination  of  those 
rural  workers.  But  lamentations  are  worse  than  useless.  The 
system  of  those  days  represented  but  a  phase  in  the  history  of 
industrial  development,  it  disappeared  to  give  place  to  another — 
it  was  but  transient,  as  is  indeed  the  system  of  our  own  times. 
Distance  is  apt  to  lend  here,  as  elsewhere,  enchantment  to  the 
view,  and  it  is  not  unlikely  that  the  workers'  lot  in  those  days  was, 
taking  all  thin||^s  into  consideration,  harder  than  it  is  now.  In 
1767  tne  spinning  jenny  was  invented  by  Hargraves,  and  a  few 
years  later,  Arkwnght  constructed  spinning  frames  in  which  were 
utilised  Wyatt's,  I^ul's,  and  High's  inventions  for  spinning  bv 
rollers.  To  work  these  new  machines  water  power  was  employed, 
and  from  this  period  dates  the  rise  of  textile  factories.  **For 
several  years,"  says  Mr.  Redgrave  in  his  report  for  1875,  **  the 

textile  industry  was  carried  on  in  the  rural  districts  only 

Water  on  the  hill  sides  was  irregular  in  its  flow  ;  work  was  there- 
fore irregular ;  when  the  stream  was  full,  work  was  brisk  (we 
should  have  eddied  it  excessive) ;  when  it  was  dry  the  factory 
hands  were  employed  on  the  Uuids  in  haymaking,  or  other  like 
occupations.  Thus  the  operatives  were  both  farm  labourers  as 
well  as  factory  workers  ;  and  as  manufacturing  was  not  the  com- 
plicated affiur  that  it  is  now,  they  were  free  from  many  evils  which 
afterwards  arose  from  the  introduction  of  steam  and  the  immense 
energy  and  enterprise  of  our  manufacturers.*'  The  application  of 
steam  to  the  working  of  machinery  created  the  factory  system 
proper.  Inventors  had  not  been  idle,  and  numerous  Improvements 
bad  been  effected  in  several  directions.  Cartwright  ha^  invented 
his  power  loom  in  1784,  and  in  1785  Boulton  and  Watt  erected 
in  a  factory  at  Papplewick  the  first  steam  engine  applied  as  the 
moving  power  for  spinning  machinery.  Progress  was  now  rapid, 
and  in  every  department  of  industry  invention  was  producing 
new  improvements.  The  rising  seats  of  industry  had  been 
connected  with  each  other  and  with  the  sea  by  espials.  Large 
steam  factories  were  erected,  and,  tempted  by  higher  wages  and 
the  promise  of  constant  employinent,  armies  of  workmen  came  to 
fill  them  from  the  mral  aistricts.  Capital  now  became  a  huge 
power  in  industry,  and  very  soon  occurred  the  opening  skirmishes 
of  the  labour  war  which  has  continued  ever  siifce. 

If  we  are  to  believe  the  writers  of  this  period  the  miseries  follow- 
ing upon  the  introduction  of  the  factory  system  were  very  great. 
In  many  cases  the  capitalists  made  a  bed  use  of  their  power. 
"  They  crowded  their  factories  with  apprentices,  many  of  whom 
they  took  from  the  parish  with  a  premium  of  £5  each.  The  factories 
were  so  unhealthy,  and  the  chilcuren  worked  so  hard  and  for  such 
lone  hours,  as  to  be  seriously  injured  physically  and  mor^y."* 
In  the  report  already  referred  to,  Mr.  Kedgrave  calls  attention  to 
the  bringing  together,  without  previously  providing  adequate  and 
proper  means  for  acoommodatioa,  hundreds  of  families  to  fill  the 
mills.  "Then  followed  immediately  the  proneness  to  run  the 
costly  machinery,  regardless  of  the  waste  of  human  life,  health, 
and  happiness  for  any  number  of  hours  that  seemed  good  to  the 
capitalist.  The  factory  population  appeared  in  time  to  have 
become  a  distinct  race  that  was  known  at  a  glance,  so  defined  were 
the  effects  of  overwork  and  unhealthy  dwellmgs  upon  the  physical 
appearance  and  condition  of  the  i)eople."  Nor  did  the  moral  con- 
dition of  the  workers  improve.  Improvident  and  intemperate, 
they  appeared  to  go  from  bad  to  worse.  Due  to  higher  wages  and 
the  correspondingly  easier  conditions  of  existence,  population 
increased  rapidly.  While,  in  fine,  an  increase  of  wealth  took  plaoe 
in  the  capitalist  part  of  the  community,  increase  of  numbers  took 
place  In  the  operative  part.  While  gold  was  coined  for  the 
master,  children  were  multiplied  for  his  mills. 

At  a  very  early  period  the  State  had  attempted  the  regulation 
of  industry.  In  the  time  of  Edward  m.  there  was  enacted  a 
Statute  of  Labourers  which  attempted  to  fix  the  amount  of  remu- 
neration each  labourer  should  receive.  It  was  intended  to  keep 
wages  down,  but  notwithstanding  from  1388  to  1444  they  rose  from 
50  to  100  per  cent.  In  the  time  of  Henry  VIL  there  was  a  law 
which  directed  people  at  what  fairs  to  sell  their  goods.  In  the 
time  of  Henry  vIII.  it  was  made  penal  to  sell  any  pins  but  such 
as  are  "  double-headed  and  have  their  head  soldered  fast  to  the 
shank  and  well  smoothed,  the  shank  well  diaven,  the  point  well  and 
round-filed  and  smoothed."  During  the  reign  of  Edward  VI. 
a  statute  prescribed  that  a  person  making  a  usurious  baivaln 
should  be  fined  £100.  In  the  time  of  Mary  and  Elizabeth  Eiwb 
were  made  limiting  the  number  of  looms  each  master  weaver 
might  have,  and  stating  how  many  more  apprentices  than 
journeymen  he  might  employ.  In  the  reign  of  James  I.  a  very 
wise  Legislature  prescribed  the  quantity  of  ale  which  should  be 
sold  for  a  penny,  f  Laws  fixing  tne  rate  of  interest  and  the  wages 
of  labour,  prescribing  the  price  of  food  and  the  shape  of  weanng 
apparel,  specifying  the  goods  to  be  made  and  the  method  of  their 
manufacture  were  multiplied.  In  fact,  there  was  in  those  days 
scarcely  any  limit  to  the  duty  undertaken  by  the  State.  Nor  is 
this  surprising  when  viewed  in  the  tme  light  of  history.  The 
citizens  had  innerited  an  unlimited  belief  in  the  power  of  govern- 
ment. Primitive  tribes  could  only  be  successful  in  war  as  their 
soldiers  obeyed  without  question  the  orders  of  their  chiefs.  Those 
tribes  in  which  the  subordination  was  greatest  would  accordingly 
suivive,  while  those  in  which  It  was  less  would  in  time  be  weeded 
out.  It  was  the  one  necessity  of  the  militant  type  of  society  that 
subordination  to  the  chief  should  be  complete,  and  faith  m  him 
entire.  But  the  general  in  battle  was  also  ruler  durlne  the  inter- 
vening periods  of  peace,  and  to  him  the  people  looked  to  adjust 
their  mdustrial  auarrels,  as  well  as  to  lesyd  their  soldiers  to  suc- 
cessful battle.    Again,  "  success  in  war  must  largely  depend  on 

*  Marshall's  "  Economics  of  Industry,"  p.  188. 
t  See  Herbert  Spencer's  *'  Social  Statics,"  p.  dia. 
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that  conformity  to  the  raler's  will  which  brings  men  and  mon^ 
when  wanted,  and  ad  juste  all  conduct  to  his  needs."*  Accord- 
ingly laws  were  made  just  as  if  industry,  like  armies,  could  be 
governed  by  force.  The  discipline  of  warfare  had  produced  men 
whoee  nature  it  was  to  submit  to  control  from  rulers,  and  as 
industrialism  grew  gnulually  out  of  the  old  militancy,  men's 
natures  changed  but  slowly  into  adaptation  to  the  conditions  of  the 
newer  rigime.  Somewhere  between  savagery  and  civilisation, 
partly  iodnstrial,  partly  military,  society  still  believes  the  ruler 
all  powerful.  Every  day  the  Government  is  petitioned  to  under- 
take some  new  work  which  it  is  assumed  would  be  impossible  of 
accomplishment  by  the  community  without  its  aid.  Government 
may  change  its  forms,  but  the  belief  in  its  omnipotent  character 
remains.  Savage  chiefs  omy  be  displaced  by  emperors  and  kin^. 
Eangs  may  delegate  their  functions  to  Parliaments.  Parlia- 
ments may,  in  time,  give  place  to  Republican  assemblies.  But 
all  through  history  the  tradition  of  unlimited  power  clings  to 
the  rulers,  nor  will  it  disappear  until  man  is  completely  adapted 
to  the  social  state,  and  the  last  sign  of  militancy  shall  have  dis- 
appeared. 

I  have  said  that  workers  became  demoralised  under  the  factory 
system,  and  appeared  to  go  from  bad  to  worse.  Accordingly,  the 
Legislature  undertook  to  set  things  straight.  In  1802  was  passed 
the  first  Factory  Act  proper,  which  directed  that  ''the  rooms  should 
be  washed  well  with  Lime  and  water  twice  a  vear ;  that  apprentices 
should  be  clothed  with  two  suits  yearly,  ana  should  be  instructed 
in  reading,  writing,  and  arithmetic  the  first  four  years ;  that  the 
hours  of  work  should  not  be  more  than  12  per  day,  exclusive  of 
meals,  and  that  work  might  be  carried  on  by  night  in  mills  with 
1,500  spindles."  The  rapid  development  of  the  steam  engine 
changed  the  conditions  of  labour  in  a  short  time  to  such  an  extent 
that  the  Act  was  no  longer  applicable,  and  so,  in  1819  and  1825, 
we  have  further  Acts  restricting  the  hours  of  labour  and  the  work 
of  children.  It  may  be  mentioned  that  in  the  textile  industries 
the  apprenticeship  system  had  by  this  time  disappeared,  as  the 
skill  requisite  for  handling  the  improved  machmery  could  be 
attained  in  a  verv  short  time.  These  Acts  were  followed  in  1831 
and  1833  by  furtner  Acts  relating  to  textile  industries,  but  in  1834 
the  Legislature  extended  its  scope,  and  passed  laws  Influencing 
other  classes  of  operatives.  Accordingly,  we  soon  had  Acts  of  all 
kinds  for  the  regulation  of  mines  and  collieries,  print  works, 
bleaching  and  dye  works,  bakehouses,  copper  and  iron  works, 
machine  shops,  fish  curing,  and  fruit  preserving.  In  fact,  there 
are  so  many  Acts  that  no  one  knows  very  weu  where  we  stand, 
and  a  Factory  Enquiry  Commission  has  had  to  acknowledge  that 
this  branch  of  our  laws  has  become  very  unwieldy,  and  wants 
unification.t  That  these  several  enactments  made  the  life  of  the 
workers  somewhat  easier  for  a  time  may  be  true.  But  that  they 
have  produced  any  true  and  lasting  good,  except  in  so  far  as  they 
have  removed  hindrances  to  the  natural  growth  of  industriaHsm, 
the  student  of  sociology  is  at  liberty  to  doubt.  And  there 
seemed  to  be  some  such  doubt  in  the  minds  of  the  workmen 
themselves,  for  trades  unions,  formed  at  first  to  petition 
Parliament  to  pass  measures  in  tneir  behalf,  soon  found  tnat  the 
aid  they  required  was  not  forthcoming,  and  that  they  would  have 
to  "  rely,  as  the  guilds  before  them  had  relied,  upon  their  own 
energies.  They  no  longer  approached  the  Government  with  the 
purpose  of  inducing  it  to  interfere  in  their  behalf  ;  but  they  peti- 
tioned and  agitatea  for  the  cessation  of  Government  interference 
against  them."^  The  conduct  of  the  trades  unions  in  the  early 
part  of  the  century  was  reprehensible  in  the  extreme,  and  the 
opposition  thev  manifested  towards  the  introduction  of  machinery 
is  a  matterpf  history.  It  may,  indeed,  be  doubted  if  working-men 
have  yet  been  intellectually  convinced  of  the  benefit  of  machinery. 
Anyway,  they  had  not  been  convinced  in  those  days,  and  labour 
disputes  were  oftentimes  accompanied  by  riots  and  bloodshed.  By 
numerous  Acts  it  had  been  maae  a  crime  punishable  by  fine  and 
imprisonment  to  refuse  to  work  for  the  purpose  of  obtaining 
higher  wages,  and  "men  who  know  they  are  criminals  by  the 
mere  object  thev  have  in  view,  care  little  for  the  additional 
criminality  involved  in  the  means  they  adopt."  However,  trades 
unions  have  become  more  sensible,  and  one  by  one  the  combina- 
tion laws  have  been  repealed.  The  Legislature  now  recognises  the 
combination  of  workmen  for  the  purpose  of  bettering  tneir  con- 
dition as  perfectly  legal,  provided  that  in  carrying  out  their  ends 
nothing  is  done  by  the  combination  which  would  be  declared 
against  law  if  done  by  an  individual.  The  trade  unions  of  to-day 
are  in  many  ways  analogous  to  the  craft  guilds  of  the  past.  They 
have  for  their  objects,  says  Mr.  Howell— (1)  "  to  procure  for  their 
members  the  best  return  for  their  labour  in  the  shape  of  higher 
wages,  shorter  hours  of  labour,  and  the  enforcement  of  certain 
restrictions  as  to  the  condition  of  employment  which  could  not  be 
accomplished  except  by  means  of  combination;  (2)  to  provide 
mutual  assurance  tor  the  members  by  means  of  pecuniary  assist- 
ance in  the  case  of  sickness,  accident,  death,  out  of  work,  super- 
annuation when  disabled  by  old  age,  loss  of  tools  by  fire,  and 
emigration.  §  These  are  principles  with  which  no  fault  can  be  found, 
but  that  thev  are  often  very  superior  to  the  conduct  they  are  sup- 
posed to  guide  is  a  matter  of  everyday  observation. 

Well,  gentlemen,  these  remarks  bring  me  to  modern  times. 
Time  has  allowed  me  to  notice  only  a  few  of  the  more  important 
factors  in  the  evolution  of  industrialism.  The  growth  of  nolways, 
the  development  of  steam  navigation,  improvements  in  agricul- 

*  Herbert  Spencer,  *'  The  Man  v.  The  State,"  p.  109. 

t  G.  Phillim  Bevan,  '*  The  Industrial  Glasses  and  Industrial 
Statistics."   Textiles  and  Clothing,  p.  221. 

t  Marshall's  "  Economics  of  Industry,"  p.  189. 

li'*The  Conflicts  of  Capital  and  Labour,"  by  George  Howell, 
ohap.  m.,  section  45, 


ture,  electric  telegraphs,  and  submarine  telegraphy  have  each 
made  enormous  contributions  to  our  industrial  progress.  Bat 
these  by  no  means  exhaust  the  list  It  has  been  sud  that  we  of 
the  nineteenth  century  are  intellectually  the  heirs  of  all  the  ages, 
and  not  less  true  is  it  that  present  day  industrialism  inherits  a 
huge  legacy  from  byegone  centuries,  has  grown  up  by  infinitesimal 
contributions  of  far  away  ages,  as  well  as  ny  the  lai^^  contriba- 
tions  of  recent  times.  My  history  has  been  of  a  somewhat  sketchy 
character,  and  the  more  so,  perhaps,  as  here  and  there  the  nana- 
tive  has  been  broken  in  the  endeavour  to  emphasise  the  method 
of  science  in  history.  To  thinking  men  history  ia  no  longer  a 
record  of  this  or  that  sovereign's  deeds,  a  cnronide  of  court 
intrigue,  or  gossip  of  princelv  trappings,  but  it  is  the  sUiry  of  a 
nation's  progress.  It  tells  now  institutions  arise,  flourish,  Kod 
in  time  decay  as  new  ones  take  their  place.  It  shows  how  each 
successive  stoge  of  development  arises  from  the  one  immediately 
preceding,  ana  gives  birth  to  the  one  immediately  following  it  it 
recognises  that  the  evolution  of  society  proceeds  in  aocordaooe 
with  law,  and  that  causation,  though  partially  concealed  by  the 
extraordinary  complexity  of  the  phenomena  to  which  it  relatee, 
must  have  here,  as  in  all  development,  universal  dominion.  And 
so,  as  I  have  said  previously,  industrialism  is  a  g^wth,  and  the 
present  methods  of  production  have  been  evolvwi  from  the  pro- 
cesses of  the  past.  We  nave  now  huge  factories  emplojdng  thousands 
of  workmen,  and  filled  with  self-acting  machinery  in  which  the 
division  of  labour  is  carried  to  the  utmost  limit  Whereas  in  times 
past  it  was  necessary  to  spend  years  in  serving  an  apprenticeship 
and  learning  several  branches  of  a  trade,  in  a  great  many 
instances  the  old  apprenticeship  system  has  been  done  away  with, 
the  whole  of  a  lad's  attention  when  he  enters  the  factory  being 
engaged  in  watching  the  one  operation  performed  by  an  auto- 
matic machine.  In  Sil  branches  of  the  finished  metal  trades  we 
are  struck  by  the  clever  combinations  of  mechanism  employed 
in  the  performance  of  the  severU  operationB,  and  as  we  watdi 
machines  rapidly  doing  their  work  with  unerring  precision,  and 
requiring  almost  no  attention,  we  may  well  wonder  whether 
economy  in  production  can  go  much  further,  whether  adjustment 
of  acts  to  ends  can  be  rendered  by  mechanism  more  perfect  In 
the  engineering  trades  similar  division  of  labour  is  found  and 
similar  specialisation  is  apparent,  though  probably  to  a  les 
extent.  When  I  was  an  apprentice  the  old-ftuBhioned  millwright 
was  not  extinct  He  was  a  man  who  could  **  put  his  hand  to  any- 
thing," as  the  saying  is.  He  had  served  seven  years'  apprentice- 
ship and  could  znake  his  own  patterns,  forge  whatever  he  needed, 
do  turning  and  filing,  and,  on  a  pinch,  might  attempt  brass- 
founding  with  metal  melted  over  a  smith's  See,  He  was  a  veri- 
table Jack  of  all  Trades,  but  he  is  no  more.  Modem  history 
does  not  require  him,  and  draws  the  line  very  distinctly  between 
the  several  branches  of  the  engineering  tondee.  We  have  smith? 
who  work  forging  machines  and  hydraulic  press  tools.  We  have 
turners,  planers,  slotters,  shapers,  drillers,  millers,  and  special  tool 
men,  eacn  of  whom  has  under  his  charge  an  expensive  self-actine 
machine  tool  which  it  is  his  duty  to  look  after  and  which  it  shoula 
be  his  aim  to  thoroughly  understand.  As  Mr.  Kasmyth  says,  **A11 
that  the  mechanic  has  to  do,  and  which  any  lad  is  able  to  do,  is  not 
to  labour,  but  to  watoh  the  beautiful  functions  of  the  machine."' 
In  the  shipbuilding  trades  the  tendency  towards  specialisation  is 
not  less  marked.  In  short,  in  every  branch  of  industry  the  aim  is 
twofold :  first,  to  do  as  much  as  possible  by  machinery  because 
hand  labour  is  expensive  ;  secondly,  to  restrict  the  function  of  the 
workman  to  performing  one  operation  or  to  looking  after  one 
machine,  because  his  whole  thought  being  tiien  concentrated  on 
one  thing,  he  soon  acquires  in  his  work  special  dexterity.  The 
effect  of  the  division  of  labour  on  the  workman,  when  carried  to 
excess,  need  not  be  here  considered.  On  that  point  opinion  is 
divided,  some  believing  that  constant  employment,  without 
variety,  deadens  a  man's  mental  activity  and  resource,  while 
others,  equally  capable  of  judging,  hold  that  concentration  on  one 
operation  sharpens  a  man's  mtolligence  so  far  as  conoerne  the 
sphere  of  his  work,  and  gives  him  more  opportunitv  for  thoaeht 
on  subjects  unconnected  with  his  employment.  However  that 
mav  be,  the  division  of  labour  is  a  great  fact  in  modem  industiy, 
and  ha  a  means  to  economical  production,  there  can  be  no  queetion 
about  its  efficacy.  The  tendency  is  to  carry  it  farther  and  farther 
as  concerns,  by  getting  larger,  are  enabled  to  take  the  fullest 
advanti^e  of  the  benefit  it  confers.  It  is  the  condition  of  produc- 
tion which  industrialism  has  by  its  natural  development  brought 


about. 


(To  ht  ccniinwd.) 


Bledloal  Eleotrioity. — A  contemporary  says  :  '*  CaU- 
pboric  medication  by  electricity  has  been  the  subject  of 
experimenta  by  Doctor  S.  Ehrmann,  of  Vienna.  The 
following  plan  is  recommended  by  him  in  order  to  facilitate 
the  absorption  of  the  medicated  solutions  by  the  skin. 
Take  two  similar  glass  vessels  having  zinc  plates  or  elec- 
trodes for  the  current  at  their  bottoms.  The  solution  to 
be  absorbed  is  placed  in  them,  and  the  hands  immersed  in 
it,  while  the  wires  of  a  battery  are  connected  to  the  plates. 
The  current  then  circulates  from  one  hand  to  the  other 
If  a  weak  solution  of  methyl  blue  is  used  a  current  of  20 
milliamperes  is  sufiicient  to  cover  the  hand  in  the  vessel 
connected  to  the  positive  pole  of  the  battery  with  blue 
spots,  especially  on  the  back." 

*  Tenth  Report  of  the  Trades  Union  Coiomissionens  1868,  p.  66 
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CORRESPONDENCE. 


RULE  FOR  ELECTRIC  BELL  AND  ALARM  WIRING. 
To  THE  Editor  of  Ths  Electrical  Engineer. 

Sir, — In  the  fitting  of  electric  bells,  signals,  fire,  and 
burglar  alarms,  etc.,  and  more  especially  in  repairs, 
renewals,  or  additions  thereto,  it  is  of  great  importance  to 
be  able  to  distinguish  "  battery  wires  " — i.e.,  wires  leading 
direct  from  or  to  the  battery — from  "  connecting  wires  " — 
ue,f  wires  running  between  pushes  and  indicators,  indicators 
and  bells,  alarms  and  bells,  etc. 

I  have  devised  a  rule  (see  p.  56,  "Practical  Electrical  Notes," 
second  edition,  Spon),  the  adoption  of  which  enables  "  con- 
necting wires"  to  be  distinguished  at  a  glance  from 
"  battery  wires " ;  and,  what  is  more,  "  +  battery  wires  " 
and  "  -  battery  wires  "  are  clearly  indicated. 

My  rule  is  as  follows  : 

"  All  wires  leading  from  the  T  pole  of  the  battery  to  any 
push,  etc.,  should  be  of  a  plain  bright  colour  (say,  white, 
yellow,  or  red).  All  wires  running  between  apparatus — 
connecting  wires-should  have  a  covering  in  which  two  or 
more  colours  are  blended,  and  all  wires  leading  direct  back 
to  the  battery  should  be  of  a  plain  dark  colour  (preferably 
black)/'  , 

The  adoption  of  this  rule  by  electric  bell  fitters  would,  I 
beg  to  suggest,  save  much  valuable  time  which  is  now 
wasted  in  what  is  generally  termed  "  testing." — Yours,  etc., 

W.  Perrsm  Maycook,  A.M.Inst.£iK 
Croydon,  Nov.  3,  1890. 

LANE  FOX  CLAIMS. 
To  THE  Editor  of  the  Electrical  Engineer. 

Sir, — ^At  a  meeting  of  the  Defence  Association,  formed 
to  resist  the  claims  being  made  by  the  Lane  Fox  Electrical 
Company  in  respect  of  the  Lane  Fox  patents,  held  at  the 
offices  of  the  Kensington  and  Knightsbridge  Electric  Light- 
ing Company,  Limited,  at  148,  Brompton-road,  S.W.,  the 
following  resolution  was  passed  : 

"  That  the  list  of  members  of  this  association  be  closed 
on  Saturday  fortnight,  Nov.  22nd,  and  after  that  date 
members  of  the  electrical  trade  who,  being  attacked  by  the 
Lane  Fox  Electrical  Compan}',  are  desirous  of  availing 
themselves  of  the  benefits  of  this  association  will  be 
required  to  pay  the  double  fee  of  £50. *'  Under  these 
circumstances  any  members  of  the  trade  who  wish  to  join 
the  association  should  communicate  with  me  before  the 
above-mentioned  date. 

I  may  mention,  for  the  benefit  of  those  who  are  not 
fully  acquainted  with  the  steps  that  have  been  taken  in  the 
matter,  that  several  opinions  have  been  obtained  and  sub- 
mitted to  counsel  by  different  members  of  the  association, 
all  of  which  agree  in  advising  that  the  claims  of  the  Lane 
Fox  Electrical  Company  cannot  be  sustained. 

Trusting  you  will  be  able  to  insert  this  in  your  next 
issue,  as  it  is  most  important  that  it  should  reach  all  your 
readers. — Yours,  etc.  (for  the  Defence  Association), 

R  S.  Erskine,  hon.  sec. 

148,  Brompton-road,  S.W.,  Nov.  4,  1890. 


ELECTROLYTIC   BLEACHING. 

To  THE  EdFIOR  of  THE  ELECTRICAL  ENGINEER. 

Sir, — ^Having  read  in  your  last  issue  the  article  entitled 
as  above  by  Mr.  Alexander  Watt,  I  beg  a  portion  of  your 
valuable  space  to  correct  what  I  consider  the  erroneous 
impression  it  conveys.  Mr.  Watt  states  that  electrolytic 
bleaching  "is  public  property  and  may  be  adopted  by 
anyone."  This  statement  by  inference  seems  to  apply  to 
any  process  of  electrolytic  bleaching,  but  I  must  inform  Mr. 
Watt  and  your  readers  that  if  he  intends  it  to  apply  to  Mr. 
Hermite's  well-known  process,  it  is  in  direct  opposition  to 
the  opinion  of  the  greatest  experts  on  patent  law  in  this 
country.  The  Hermite  patents  are  all  in  force,  and  are,  I 
believe,  unassailable.  Further,  Mr.  Watt  may  be  interested 
to  know  that  all  he  speaks  of  as  being  possible  to  electro- 
lytic bleaching  in  the  future  has  been  done  by  Mr.  Hermite 
years  ago.  The  Hermite  process  is  working  at  present  in 
eight  bu'ge  paper  mills,  in  one  of  which  it  has  replaced  over 


one  ton  of  bleaching  powder  per  24  hours,  working  con- 
tinuously for  the  past  two  and  a  half  years. — Yours,  etc., 

Charles  F.  Cooper. 
European  Works,  Dalston,  E.,  Nov.  5,  1890. 


To  THE  Editor  of  The  Electrical  Engineer. 

Sir, — I  shall  feel  thankful  if  you  kindly  allow  me  a  little 
space  in  your  next  issue  to  reply  to  the  extraordinary  state- 
ments made  by  Mr.  A.  Watt,  who  evidently  does  not  know 
his  subject  and  has  not  the  remotest  idea  of  electrolytic 
bleaching.  He  does  not  act  fairly  in  representing  bleach- 
ing by  the  current  as  such  an  easy  thing,  and  in  represent- 
ing his  brother  as  the  inventor  of  the  electrolytic  decom- 
position of  chloride  solutions,  and  also  of  the  electrolytic 
bleaching.  Electrolytic  hypochlorites  were  known  long 
before  1851,  when  Charles  Watt  patented  it  in  England, 
and  when  Charles  Watt  patented  the  electrolysis  of  chloride 
solutions,  which  he  had  not  invented,  it  had  been  patented 
a  few  years  before  by  some  other  English  and  foreign 
electricians. 

I  never  say  anything  which  I  cannot  prove,  and  Mr. 
Alexander  Watt  will  find  quotations,  names,  dates,  and 
numbers  of  patents  in  my  reply  to  his  article. — Yours,  etc., 

£.  Andreoli. 

62,  Loughborough-park,  S.W.,  Nov.  3,  1890. 


ON  THE  ELECTROSTATIC  FORCE  BETWEEN  CON- 
DUCTORS CONVEYING  STEADY  OR  TRANSIENT 
CURRENTS.* 

BY  DB.  OLIVER  LODGE. 

At  the  last  meeting  of  the  Physical  Society  this  session  Mr. 
Boys  described  some  attempts  he  had  made  to  detect  mechanical 
force  between  a  pair  of  Hertz  resonators  delicately  suspended  and 
immersed  in  a  region  of  electromagnetic  waves. 

The  attempt  so  far  had  not  been  successful ;  but  Mr.  Boys,  by 
attending  to  the  energy  manifested  by  Mr.  Gregory's  method,  and 
by  another  method  of  his  own,  showed  eood  reason  why  the  force, 
if  any,  was  just  too  small  to  be  observed  even  with  his  extremely 
delicate  appliances,  and  conjectured  that  a  moderate  increase  in 
sensitiveness  would  be  necessary  in  order  to  detect  the  effect. 

Everyone  must  have  full  confidence  that  if  any  such  mechanical 
effect  exists  Mr.  Boys  wiU  show  it  us  before  long  ;  but,  in  common 
with  Prof.  FitzGerald,  I  feel  provisionally  and  tentatively  doubtful 
whether  any  mechanical  effect  really  exists  between  electric 
pulses  travelling  along  wires  with  the  velocity  of  light.  In  a  wire 
subject  to  electric  stationary  waves  there  are  obvious  electrostatic 

guises  at  either  end  and  electrokinetic  pulses  in  the  middle  :  but 
Lr.  Boys  had  allowed  for  all  that,  and  arranged  that  the  opposing 
effects  of  ends  and  middle  should  conspire  to  assist  each  other  in 
causing  rotation.  What  I  felt  doubtful  about  was,  whether  even 
in  infinite  wires,  wherein  all  complication  by  reflection  and 
stationary  waves  was  avoided,  a  pair  of  pulses  travelling  side  by 
side,  like  a  pair  of  humps  (or  a  hump  and  a  hollow)  on  a  pair  of 
parallel  cords,  would  exert  any  force  on  each  other.  It  is  known 
that  two  charged  bodies  %ing  "ide  by  side  with  the  velocity  of 
light  will  exert  no  such  efl^t  (Mr.  Heaviside  has  shown  that  this 
is  equivalent  to  saying  that  two  elements  in  the  same  wave-front 
exert  no  mechanical  force  on  each  other) ;  but  whether  the  same 
thing  is  true  of  two  wire-conducted  pulses  has  not,  so  far  as  I 
know,  been  examined  by  mathematicians. 

If  it  should  turn  out  that  pulses  at  full  speed  have  no  effect, 
then  two  straight  oscillators  in  similar  phases  should  repel  each 
other,  by  the  electrostatic  effect  of  the  slackening  and  stationary 
pulses  which  are  being  reflected  at  the  ends. 

Such  an  action  seems  optically  rather  interesting.  Maxwell 
predicted  that  a  reflector  or  absorber  would  be  repelled  by  light ; 
though,  as  we  know,  the  complication  of  the  more  vigorous  mole- 
cular action  of  material  surroundings  prevented  Mr.  Crookes  from 
detecting  this  precise  effect.  We  know,  however,  that  it  must 
exist ;  and  the  repulsive  effects  between  alternating  magnets  and 
copper  discs,  detected  by  Faraday  and  recently  made  much  of  in 
an  interesting  manner  by  Prof.  £lihu  Thomson,  are  examples  of 
this  very  thing.  W  e  can  even  say  what  the  stress  caused  b^  full 
sunshine  ought  to  be — viz.,  about  50  microbarad  f — that  ib,  the 
weight  of  half  a  milligramme  per  square  metre — but  it  has  not 
yet  oeen  experimentally  observed.  If  Mr.  Boys  finds  his  effect,  at 
least  if  he  finds  it  in  the  form  I  suggest,  as  an  overbalancing  static 
repulsion,  it  will  represent  an  action  between  two  sources  oi  light 
or  between  two  similarly  illuminated  bodies. 

On  the  afternoon  of  the  meeting  of  the  Physical  Society,  by  Mr. 
Boys's  kindness,  I  made  in  a  back  room  a  hasty  experiment  on  the 

*  Paper  read  before  the  British  Association. 

fLangley's  recent  estimate,  that  a  square  centimetre  fully 
exposed  to  sunshine  receives  2*84  C.G.S.  thermal  units  per  minute, 
is  ecjuivalent  to  an  energy  of  67  ergs  per  cubic  metre  of  sunshine, 
or  67  microbarads.  (A  **barad"  means  an  erg  per  cubic  centi- 
metre, or  a  dyne  per  square  centimetre.) 
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palses  of  A  Leyden  jar  discharge,  which  was  passed  either  in  the 
same  or  in  opposite  directions  through  a  pair  of  flexible  parallel 
stripe  of  aluminium  foil,  looked  at  through  a  microscope. 

A  fairly  distinct  effect  was  observed,  its  sign  being,  so  far  as 
one  could  tell,  the  sign  of  the  elect rokinetic  effect ;  Le.,  attraction 
between  currents  in  the  same  direction,  repulsion  (more  easily 
obsenred,  because,  as  it  was  arranged,  nearly  four  times  as  strong) 
between  opposing  currents.  Hence  it  would  seem,  so  far  as  this 
crude  observation  goes,  that  pulses  in  wires  do  exert  their  electro- 
dynamic  effect.  I  expected,  nowever,  that,  by  suitably  arranging 
matters,  the  electrostatic  effect  of  the  pulses  could  be  made  able 
to  overpower  their  electromagnetic  effect.  It  is  perhaps  rather  a 
barbarous  plan  to  oonsider  Uie  two  things  separately ;  but  until 
someone  attacks  the  problem  in  a  powerful  manner,  I  have  been 
interested  in  groping  at  it,  and  accordingly  make  this  communi- 
cation. 

First,  consider  the  action  of  currents  in  general  on  each  other, 
and  find  the  ratio  between  their  electrostatic  and  electrokinetic 
forces.  So  far  as  I  know,  the  electrostatic  force  between  two 
steady  currents  is  usually  overlooked. 

No  advantage  in  generality  is  gained  by  treating  two  separate 
circuits,  a  movable  portion  arranged  near  a  fixed  portion  of  one 
and  the  same  circuit  is  sufficient. 

Arrange  a  short  length,  /,  at  a  distance,  a,  from  a  long  parallel 
conductor ;  with  a  resistance,  R,  intervening  between  0  and  P, 
the  middle  opposite  points  of  each  ;  and  through  the  whole  send  a 
current,  C,  up  one  and  down  the  other. 


wi  C  =  ^e-«*Bin»<;  where ms  5l, 


I 
% 


R. 


Then  the  difference  of  potential  between  the  two  points  is  R  C, 
or,  with  alternating  currents,  P  C,  where  P  is  the  impedance  of 
the  wire,  R  ;  and  u  the  capacity  per  unit  length  of  the  conductors 
is  called  Si,  the  linear  density  of  charge  on  each  is  on  the  average 
X  a=  Si  R  C  ;  a  little  more  above  0  and  a  little  less  below  it ;  but 
unless  the  distribution  of  potential  differs  greatly  from  a  linear 
distribution,  as  when  /  is  comparable  to  a  wave-length  the  mean 
value  will  serve. 

The  electrostatic  attraction  between  the  two  conductors  is 


"/:/" 


Xdy.  \*  dy* .  cos  ^ 
2\\'l     21 


\dy ,  \'ocm$dO 
Ko 


AUemating  CfttrrenU, 

If  the  current  used  is  an  alternating  one,  impedance  mast  bs 
inserted  in  (1)  and  (3)  instead  of  resistance ;  no  other  change  is 
necessary.  Hence  an  impedance  meter  suggests  itself.  Send  a 
current  alternating  with  given  frequency  through  the  pair  of  ooq- 
ductors  joined  by  the  impedance  to  be  measured,  and  ather  adjiut 
Si  until  the  electrostatic  and  electrodynamic  forces  balance,  or 
estimate  the  outstanding  force  by  a  torsion  arrangement.  Sup- 
posing a  balance  could  be  got,  the  impedance  of  tne  intervening 
conductor  for  the  particular  frequency  implied  is 


P=_JL_. =60lQg 


ohms. 


Si"V'  pp 

Leyden  Jar  Discharge, 

Next,  proceed  to  consider  the  transient  current  of  a  Leyden  jar 
discharge  round  the  same  circuit. 

Let  a  jar  of  caiwcity,  S,  charged  to  potential,  V^,  be  discharged 
round  a  circuit  whose  total  resistance  and  inductance  are  Ro  and 
Lo  reepectivelv.  Then  the  current  eA  any  instant  after  the 
discharge  has  begun  is — 

1 


and  m*  +  p*  = 


Sir 


The  electrodynamic  repulsion  between  the  two  wires  previonaly 
considered,  when  the  discharge  occurs,  is,  therefore,  applying  (2), 
an  impulse : 


0 


2^1 


e-imt 


^    2fil    .tSVo* 
a  Ro 


.  mxi*pt.dt 


(4) 


To  investigate  the  electrostatic  attraction  completely  we  should 
have  to  take  into  account  the  sinuous  distribution  of  potential  in 
space  over  the  circuit,  but  unless  the  waves  are  much  sbprter  than 
usual  the  ultimate  effect  on  a  short  length  will  be  very  little 
different  from  the  effect  of  a  uniform  potential  alternating 
sinuously  in  time,  the  difference  of  potential  at  fuiy  instant 
between  the  fixed  and  movable  wire  being 

V=P  C, 
where  P  is  the  impedance  of  the  intervening  portion  of  the  circuit 
Hence,  the  electrostatic  impulse  is,  by  (1), 
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"^^    And  the  ratio  of  the  two  impulses  is 

^  „Si«  P» 


0'      mK 


(5) 


(6) 


Now  P»=p=»  L2+R«,  where  j^^ 


SLo 


Ka       Ka 


=^(SiRC)» (1) 


Unless  one  of  the  conductors  is  very  long  there  is  another  term, 
which,  however,  it  is  unnecessarv  to  write. 

The  electrokinetic  repulsion  oetween  the  same  conductors  is 
similarly 


y,  ^  r  MdyCdy'cosBJ^l  ^ 


(2) 


Steady  Gwrents, 

Hence  with  steady  currents  the  ratio  of  the  static  attraction  to 
the  magnetic  repulsion  is 

F_8«R«  ,,. 

"f"7k ^^' 

which  on  every  possible  system  of  units  is  a  pure  number. 

To  get  a  notion  of  its  value,  suppose  the  wires  to  be  round  and 
of  radius  p;  then 


so,  remembering  that 


Si  =  K/4log*; 


L=(the  velocity  of  Ught)»=  (^^ohmsV 


we  see  that  the  above  numerical  ratio  is 

number  of  ohms  in  the  wire  R 
F       ^ 


F'-| 


V 

J 
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120  log^ 
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Suppose,  for  instance,  the  wires  were  50  diameters  apart,  or 
4  log  afps  18*4,  the  two  forces  would  be  equal,  and  just  oalance 
each  otner,  if  R  was  552  ohms. 

With  any  resistance  greater  than  this  the  electrostatic  force 
would  have  the  advantage,  and^two  opposite  currents  in  tiie  given 
wires  would  attract. 


So,  noticing  that  R/Ro=3L/Lo  as  nearly  as  we  please, 

^      L  /L    3  „,\ 

The  second  term  is  frequently  negli^ble,  though  there  is  no 
difficulty  in  taking  it  into  account  if  it  is  not ;  so  the  ratio  of  the 
impulses  at  its  least  is 

0      Si*      L      L//4  ,-,. 

i^^K^'u'm ^ 

The  first  of  these  three  numerical  factors  depends  merely  on 
the  shape  of  the  acting  conductors  and  their  distance  apart.  The 
second  is  a  proper  fraction  which  may  be  made  as  near  unity  as  we 
choose.  The  tnird  involves  a  comparison  between  the  electro- 
magnetic  measure  of  inductance  of  the  wire  included  in  the  circuit, 
ana  the  electrostatic  measure  of  capacity  of  the  discharged  Leyden 
jar. 

Taking  as  an  example  the  same  round  wire  conductor  as  before, 
with 

S,= — 5 —  =  A,say, 
a     18-4'      " 


and  considering 


ii  as  (IL^\ 
U        V20^ 


41og   ^ 
P 

9 

for    instance, 


we  perceive 


that 


the  two  impulses  will  be  equal  and  just  balance  each  other  if  the 
length  representing  L  on  the  magnetic  system  of  units  be  400 
times  as  great  as  the  length  representing  S  on  the  electrostatic 
system.  Any  wire  longer  than  this  gives  attraction  the  advan- 
tage ;  any  wire  shorter  than  this  favours  repulsion. 

Or,  with  different  jars  dischar^in|f  round  a  given  circuit,  small 
jars  will  exhibit  the  electrostatic  impulse,  big  ones  thecdectro- 
kinetic. 

Illustrating  numerically  still  further,  a  length  of  90  metres  of 
No.  16  copper  wire  opened  out  into  a  single  large  loop  has  a  self- 
induction  of  500  '*  metres  **  or  50  micro-secohms.  Using  this  ae 
the  wire  R  between  the  two  suspended  conductors,  the  critical 
sized  Leyden  jar  which  should  excite  no  force  when  discharged 
through  them  is  about  l^  "  metres  "  or  "00014  microfarad— i.e., 
smaller  than  the  ordinary  '*  pint "  size. 

With  the  help  of  an  adjustable  condenser,  an  instrument  for 
measuring  the  Lof  well-insulated  coils  free  from  iron  suggesU- 
itself  here. 
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Sibbon  OondiieU>r», 
If  atripf  Are  Died  loatead  of  round  wlraa  tor  the  movablo  cod 
ductor,  tiho  elMtrostatlo  effect  hu  an  artificial  advaotan  given 
it;  for  bake  «  pair  of  limilar  (trips  of  length  (,  broadtb  6,  and 
outanoe  apart  a,  the  force  caused  by  a  current,  C,  flowing  throueh 
tbem  with  uniform  intenaitj  STeryirhBiB  a  oasily  calculated  b>  be 
tCtii/     a     _^_  logoo»a\ 

"•"■fB  »  ii  angle  whoee  Uugent  ia  bja. 

The  quantity  in  bracket!  hag  a  nuuimnm  value  i  when  a  O, 
■e.,  trhen  the  plates  are  far  apart  enough  for  their  shape  to  be 
immaterial  ;  and  its  value  decreases  steadily  towards  zero — viz., 
i  T  cot  B,  as  a  approaches  BOdeg. :  the  whole  beooming  ultimately 

As  for  the  electrostatic  force  between  stripe,  I  do  not  know  how 
far  we  are  justified  in  asanmir^  uniform  distribution  of  density 
even  if  given  uniform  distribution  of  current ;  but  at  least  when 
the  platea  are  close  together  the  force  will  not  be  very  different 


8V 


-  .  SV^ 


.2t/ 


k  P  O'  i 


the  value  of  Si  being-5J . 

So  the  ratio  of  the  foroM  for  lanfe  oloee  plates  is 

K     /  P  ^  \*     /No.  of  ohms  in  impedanoe  of  wira\i 

7  [iVi)  -{  m^t  )  ■ 

Hanoe  with  stripe  six  times  as  broad  as  their  distanoe  apart  the 
foTOBs  will  balance  for  a  steady  current  when  the  interposed  wire 
■s  only  60  ohms  resistance. 

Jitattirt  o/"v," 

In  applying  an  experimental  observatbn  of  this  kind  to  a  deter- 
mination of  the  product  of  the  ffither  constants  u,  K  (and  it  just 
strikes  me  that  it  is,  after  all,  only  a  modification  of  the  method  by 
which  Maxwell  himself  made  one  of  the  early  determiEiations],  it 
will  be  better  to  use  round  wires  rather  than  stripe,  because  linear 
dimennooB  then  come  in  only  under  a  logarithm,  and,  moreover, 
are  such  as  can  be  measured  with  considerable  aocuracy  without 
difficulty.  Some  of  Mr.  Boys'e  quartz-fibre  and  aluminium  tube 
derioes  onsht  to  permit  tiie  zero  of  force  to  be  sharply  got,  and 
thus  a  good  measure  of  "  v  "  to  be  miid& 

We  should  hs^e  to  observe  very  exactly  the  neutralisation  of  all 

force  between  the  suspended  and  fixed  conductors  while  a  steady 

current  was  passing  through   them,  with  an  interposed  wire  of 

known  reeistAnoe,  and  then  use  the  relation  [3)  or  {3*]  in  the  form 

mK=Si'R', 

ire  expressed  as  a  velocity 


If  the  acting  oonductors  are  set  very  near  each  other,  a  being 
still  the  distance  between  their  centres,  the  denominator  alters 
iMlf  a  little,  becoming — 

2  log  -■-v  +  °%^i'''--*pn_ 

with  an  easy  additional  oomplioatlon  if  it  Is  convenient  to  make 
the  section^  radii  unequal.* 
By  filling  the  vessel  oontalniog  the  acting  oooduotore  with  other 


insulating  media,  it  ta  possible  that  t 
directly  meaaared. 

(TobaemttiiMii.) 


'  for  them  could  be 
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Lbctusb  n. 
[Omdvdtd  from  page  390.) 

(ilWERAL  PbIKCIPLES   OF    Dk310!(   ASD   CoSSTBUCTIION. — PRINOIPLB 
OF  TBK   UaQNEIIO   CIKODIT. 

Reference  to  Table  III.  shows  thatif  the  Iron  has  been  mafpietlaed 
op  10  as  to  CMry  16,000  mafcnetic  lines  par  square  centimetre,  the 
permeability  at  that  stage  ia  about  320-  Iron  at  that  staKS  oonducts 
magnetic  lines  320  times  better  than  air  does  ;  or  air  oflers  320  tlmea 
M  much  reluctance  to  magnetic  lines  aa  iron  (at  that  stage)  does.  So 
thsn  the  reluotsmoe  in  the  gaps  to  magnetisation  is  320  times  as  ^reat 
u  it  wonld  have  been  it  the  gaps  had  been  filled  up  with  iron. 
Tfaerriore,  if  you  have  the  same  magnetising  coil  with  the  same 
bstury  at  work,  the  introduction  of  air  gape  into  the  magnetic 
rircnit  will,  a«  a  first  effect,  have  the  result  of  decreasing  the 
namber  of  magnetic  lines  that  flow  round  the  ciroutt.  But  this 
first  effect  itself  uroduoes  a  seoond  effect.  There  are  fewer 
nugnstio  lines  going  through  the  iron.  Consequently  if  there 
ware  18.000  linee  per  square  centimetre  before,  there  will  now  be 
(«wer-~say  onlf  12,000  or  so.  Now  refer  backto  Table  IIL,  and 
I'OB  will  nnd  that  when  8  is  12,000  the  permeability  of  the  iron  is 
not  320,  but  1,400  or  so.  That  is  to  say,  at  this  stage,  when  the 
magnetisation  of  the  iron   has  been   pushed   only    so    far,    the 


„  that  there  is  a  still  greater  relative  tl    . 
circuit  by  the  reluctance  so  oDered  by  the  air  gaps. 

Apply  that  to  the  case  of  an  actoal  electromagnet.  Here  ia  a 
diagram.  Fig.  31,  representing  a  horseshoe  electromagnet  with  an 
armature  of  equal  seotioo  in  contact  with  it.  Theactnal  alectm- 
magnet  for  the  experiment  ia  here  od  the  table.  You  can  calculate 


Via.  31.— Eleetromafpwt  with  Armatore  in  Contact. 

oat  from  the  section,  the  length  of  iron,  and  the  table  of  perme- 
ability, how  many  ampere-tums  of  excitation  will  produce  any 
required  pulL  But  now  consider  that  same  electromagnet,  as  in 
Fig.  32,  with  a  small  air  nip  between  the  armature  and  the  polar 
tacea.  The  same  circulation  of  current  will  not  now  give  you  aa 
much  magnetism  as  before,  bdcauas  you  have  interposed  air  gaps ; 
and  by  the  very  fact  of  putting  in  reluctance  there,  the  number  of 
magnetic  lines  ia  reduced. 

Try,  if  you  like,  to  interpret  tbla  In  the  old  way  by  the  old 
notion  of  poles.  The  electromagnet  has  two  poles,  and  these 
excite  induced  polee  in  the  opposite  surface  of  the  armature, 
resulting  in  attraction.  If  you  double  the  distance  from  the  pole 
to  the  iron,  the  magnetic  force  (always  supposing  the  poles  are 
mere  pointa)  will  be  one  quarter ;  hence,  the  induced  pole  oa  the 
armature  will  only  be  one  quarter  aa  strong.  But  the  pcle  of  the 
electromagnet  la  itself  weaker.  How  moon  weaker !  The  law  of 
inverse  squares  does  not  give  you  the  alighteet  clue  to  this  all- 
important  fact.  If  you  cannot  say  how  much  weaker  the  primary 
pole  ia,  neither  can  you  say  how  much  weaker  the  Induoed  pole 
will  be,  for  the  latter  depends  upon  the  former.  The  law  of 
inverse  squares  in  a  case  like  this  is  abeotntely  misleading. 


Fio.  32.— Electromagnet  with  Air  Gap*  One  Millimetro  Wide. 

Moreover,  a  third  efleot  comes  In.  Not  only  do  you  out  down 
the  magnetism  by  making  an  air  Mp,  bat  you  have  a  new  con- 
sideration to  take  into  account.  Because  the  magnetic  lines,  aa 
they  pass  up  tbroogh  one  of  the  air  gape  along  the  armature,  down 
the  air  gap  at  the  other  end,  encountor  a  considerable  reluctance, 
the  whole  of  the  magnetic  lines  will  not  go  that  way.  A  lot  of 
them  will  take  some  shorter  cut,  althongh  it  may  be  all  through 
air,  and  you  will  have  some  leakage  across  from  limb  to  limb.  I 
do  not  say  you  never  have  leakage  under  other  circnmstancee- 
Even  with  an  armature  in  apparent  contact  there  is  Kiwi's  a 
certain  amount  of  sideway  leakage.  It  depends  on  the  goodness 
of  tb»  contact ;  and  if  you  widen  the  air  gape  still  further  yon  wiU 
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hare  abill  mora  reluctance  in  the  path,  Knd  still  laoa  msgnebum, 
uid  still  more  leaki^^e.  Fig.  33  roughly  iudioalet  this  further 
stage.  The  armature  will  be  far  less  stronglf  pulled,  because,  io 
the  &nt  plaoe,  the  increased  reluctance  etran^Iea  the  flow  of 
magnetic  lines,  bo  that  there  are  fewer  of  them  in  the  magnetic 
circuit,  and,  in  the  second  place,  of  this  leaser  number  only  a 
fraction  reach  the  armature  because  of  the  increased  leok^e. 
When  you  take  the  armature  entirely  away,  the  only  magnetic 
lines  that  go  through  the  iron  ais  those  that  flow  by  leakage 
across  the  air  from  the  one  limb  to  the  other.  This  is  rougluy 
illustrated  by  fig.  34,  the  last  of  this  set. 

Leakage  across  from  limb  to  limb  is  always  a  waste  of  the 
magnetic  lines,  so  far  as  useful  purposes  are  concerned.  There- 
fore it  is  clear  that,  in  order  to  study  the  effect  of  introducing  the 
distance  between  the  armature  and  the  magnet,  we  have  to  take 
into  account  the  leakage  ;  and  to  calculate  the  leakage,  is  no  easy 
matter.  There  are  so  many  considerations  that  occur  as  to  that 
which  one  has  to  take  into  account,  that  it  is  not  easy  to  choose 
the  riKbt  ones  and  leave  the  wrong  ones.  Calculations  we  (Qust 
make  by-ond-by^they  will  beaddeaasan  appendix  to  this  lecture, 
but  for  the  moment  eiperiment  seems  to  be  the  bestr  guide'"'     ? 

X  will  therefore  refer,  by  way  of  illustrating  this  question 
of  leakage,  to  some  experiments  mode  by  Sturgeon.  Sturgeon 
had  a  long  tubular  electromagnet  made  of  a  piece  of  old  musket 
barrel  of  iron  wound  with  a  coil  ;  he  put  a  compass  needle  about 
a  foot  away,  and  observed  the  eSect.  He  found  the  compass 
needle  deflected  about  23dag.  ;  then  he  got  a  rod  of  iron  of  equal 
length  and  put  it  in  at  the  end,  and  found  that  putting  it  in  so 
that  only  the  end  was  iotroduced— in  the  manner  I  am  now  Ulos- 
trating  to  yon  on  the  table — the  deflection  increased  from  23deg.  to 
37d^.  ;  but  when  be  pushed  the  iron  right  home  into  the  gun 
barrel  it  went  back  to  nearly  23deg.  How  do  you  account  for 
that!  He  bad  unconsciously  increased  its  facility  for  leakage 
when  be  lengthened  out  the  iron  core.     And  when  he  pushed  the 
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Fio.  33. 

H  leakage  which  was  due  to 
lot  occur.  There  was  addi- 
tional cross-section,  bat  what  of  that  T  The  additional  cross-sec- 
tinn  is  practically  of  no  account.  You  want  to  force  the  magnetism 
across  some  20in.  of  air  which  resists  from  300  to  1,000  times  as 
much  as  iron.  What  is  the  use  of  doubling  the  section  of  the  iron ! 
You  want  to  reduce  the  air  reluctance,  and  yon  have  not  reduced 
the  air  by  putting  a  core  into  the  tube- 
There  is  a  parMoxical  ax  periment,  which  we  will  try  next  week, 
that  illustratos  an  important  principle.  If  you  take  a  tnbolar  elec- 
tromagnet and  put  little  pieces  of  iron  into  the  ends  of  the  iron 
tube  that  serves  as  core,  and  then  magnetise  it,  the  little  pieces  of 
Iron  will  try  to  push  themselves  out.  There  is  always  a  tendency 
to  tr^  and  increase  the  oompleteoees  of  the  magnetic  circuit ;  the 
circuit  tends  to  rearrange  itself  so  as  to  make  it  easier  for  the 
m^netic  lines  to  go  round. 

Here  is  another  paradoxical  experiment.  I  have  here  a  bar  elec- 
tromagnet, which  we  will  connect  to  the  wires  that  bring  the 
exciting  current.  In  front  of  it,  and  at  a  distance  from 
one  end  of  the  iron  core,  is  a  small  compass  needle  with 
a  feather  attached  to  it  as  a  visible  indicator,  so  that  when 
we  turn  on  ijie  current  the  electromagnet  will  act  on  the 
needle,  and  you  will  see  the  feather  turn  round.  It  isacting  there 
at  a  certain  distance.  The  magnatiatng  force  is  mainly  spent  not 
to  drive  magnetism  round  a  circuit  of  iron,  but  to  force  it  through 
the  air,  flowing  from  one  end  of  the  iron  core  out  into  the  air, 
passing  by  the  compass  needle,  and  streaming  round  again, 
invisible,  into  the  other  and  of  the  iroo  core.  It  ought  to  increase 
the  flow  if  we  can  in  any  way  aid  the  ms^etic  lines  to  flow 
through  the  air.  How  can  I  aid  this  flow  1  By  putting  on  some- 
thing at  the  other  end  to  help  the  magnetic  lines  to 
get    back    home.      Here    is    a    flat    piece    of    iron.      Putting 


it  on  here  at  the  hinder  end  of  the  core  ought  to  hdp 
the  flow  ,of  magnetic  lines.  You  soe  that  the  featbsc 
mokee  a '  rather  larger  excursion.  Taking  away  Uie 
piece  of  iron  diminishes  the  effect.  So,  also,  in  sxpenmeols  on 
tractive  power,  it  can  be  proved  that  the  adding  of  a  moss  of  iron 
at  the  far  and  of  a  straight  electromagnet  greatly  increases  tbe 
pulling  power  at  the  end  that  you  are  working  with  ;  while,  on  the 
other  hand,  putting  the  some  piece  of  iron  on  toe  frontend  osa pole- 
piece  greatly  diminishes  the  poll.  Here,  clamped  to  the  Uble,  is  sbsT 
electromagnet  excited  by  the  current ;  and  hero  is  a  small  piece  of 
iron  attached  to  a  spring  balance,  by  means  of  which  1  can  meuure 
the  pull  required  to  detach  it.  With  the  current  which  1  ani 
employing  the  pull  is  about  2ilb.  X  now  place  upon  the  front  end 
of  the  core  this  block  of  wrought  iron  ;  it  is  itself  strongly  held 
on,  but  the  pall  which  it  itself  exerts  on  the  small  piece 
of  iron  is  small.  I^ess  thou  half  a  pound  suffices  to  detocb 
it.  I  now  remove  the  iron  block  from  the  front  end  of  the 
core,  and  place  it  upon  the  hinder  end.  And  now  I  find  that  the 
force  required  to  detach  the  small  ^ece  of  iron  from  the  front  end 
is  about  3ilb.,  betesd  of  2tlb.  The  front  end  exerts  a  bigger 
pull  when  there  is  a  mass  of  iron  attached  to  the  hinder  end. 
Why !  The  whole  iron  core,  including  its  front  end,  becomse 
more  highly  magnetised,  because  there  is  now  a  better  way  for 
the  mM(netic  lines  to  emerge  at  the  other  end  and  come  round  to 
this.  In  short,  we  have  diminished  the  magnetic  reluctance  of 
the  air  part  of  the  magnetic  circuit,  and  the  flow  of  magnetic  lines 
in  the  whole  magnetic  circait  is  thereby  improved.  So  it  was  also 
when  the  mass  oliron  was  placed  across  tbefrontendof  the  core;  but 
the  magnetic  lines  streamed  away  backwards  from  ite  edges,  and 
few  were  left  in  front  to  act  upon  the  small  bit  of  iron.  Sotbelsw 
of  magnetic  circuit  action  explains  this   onomolonB    behaviour. 
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Facte  like  these  have  been  well  known  for  a  long  time  to  those  who 
have  studied  electromagnets.  In  Sturgeon's  book  there  is  a 
remark  that  bar  m^nets  pnll  better  if  they  ore  armed  with  a  nun 
of  iron  at  the  distant  end,  though  Sturgeon  did  not  see  wliat  we 
now  know  to  be  the  explanation  of  it.  O'he  device  of  fastening  a 
mass  of  iron  to  one  end  of  an  electromagnet  in  order  to  iDcrean 
the  magnetic  power  of  tjie' other  end  was  patented  by  Siemens  in 


COMPANIES'  MEETINGS. 

WESTHINSTEB  EUCTBIC  SDPPLT  COBPOBATION. 

The  third  ordinary  general  meeting  of  the  shareholders  of  thii 
Company  was  held  at  the  offices,  32,  Victoria-street,  S.W,,  on 
Wednesday,  Lord  Suffiald  in  the  chair. 

The  Sacrataiy  (Mr.  Frank  Injgo)  read  the  notice  convening  tb* 
meeting,  ti^ther  with  the  minutee  of  the  last  (extraordinary) 
meeting,  which  latter  were  confirmed. 

The  report  of  the  Directors,  which  was  published  in  our  last 
isaae,  was  taken  as  read. 

The  dulrmon  said  that  he  need  not  det4^n  them  long  as  he  had 
not  a  great  deal  to  say  beyond  what  tha  meeting  already  hnev 
from  the  report  and  the  maps  on  the  walls  of  the  room,  wbioh 
showed  ths  progress  that  boa  been  made.  Prof.  Kennedy,  he  waa 
sure,  would  be  hnppy  to  give  any  explanation  to  anybody  wishing 
it.  Since  those  maps  were  made  further  progress  had  taken  place, 
nearly  llj  miles  of  mains  had  been  completed.  There  had  bean 
trouble  and  delay,  partly  from  necessary  causes  and  partly  otb«r- 
wise,  not  on  thwi  pork,  bub  on  the  port  of  those  with  wham  they 
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had  hfiii«lK]k»deal  with  respect  to  obtiuning  sites  for  stations.  He 
congratulated  himself  and  them  on  the  great  progress  that  had 
been  made  during  the  time  at  their  disposal.  They  had  already  a 
station  at  Millbank-street,  which  was  in  working  order,  and  he 
gave  great  credit  to  their  chief  engineer  for  the  extraordinary 
ability  and  energy  he  had  shown.  That  station  was  now  giving 
current  even  as  far  as  the  spot  marked  on  the  bottom  of  the  map 
on  the  wall.  Their  other  works  were  also  in  progress.  They  had 
completed  the  excavations  in  Davies-street,  and  they  would  be 
proceeding  with  the  concrete  foundations  for  the  engines  almost 
immediately,  and  a  considerable  portion  of  the  necessary  plant  was 
not  only  ordered  but  ready  to  be  delivered.  The  works  in  Ecdes- 
ton-place  were  also  proceeding,  and,  in  fact,  although  they  were 
not  m  a  position  to  supply  current  to  any  great  extent  at  present, 
he  hoped  that  before  long  they  would  be  able  to  do  so.  Every- 
thing  was  pn^^ressing  satiafactorily.  It  was  Prof.  Kennedy's  wish 
that  ne  should  sa^  that  any  shareholder  who  felt  so  disposed  could 
go  and  see  the  Millbank  station  ;  they  would  then  be  able  to  form 
Uieir  own  opinion  as  to  the  kind  of  work  that  had  been  done.  The 
Directors  and  himself  had  worked  hard  in  the  sh&reholders' 
interest  and  their  own.  He  would  invite  questions,  which  he 
would  be  delighted  to  answer. 

A  BbArebolder  asked  if  applications  for  current  were  numerous. 

The  Cludnaaa  said :  Yes ;  they  came  in  every  day.  They  could 
not,  of  course,  supply  them  all  at  present,  but  some  would  be 
supplied  in  Deceniber,  and  the  greater  portion— in  fact,  nearly  all — 
in  the  early  part  of  January.  In  answer  to  another  question,  he 
said  that  application  to  the  Stock  Exchange  for  a  settlement  had 
been  made  and  granted. 

Mr.  Fnuikensteln  asked  :  1.  When  would  the  remainder  of  the 
capitAl  be  called  up  ?  2.  What  prospect  was  there  of  a  dividend  ? 
3.  Had  they  a  monopoly  of  the  lightmg  in  the  district  mentioned 
in  the  report. 

The  CbMimum  answered  :  1.  It  was  impossible  to  say.  But  he 
supposed  they  would  have  to  make  another  call  early  next  year, 
but  when  the  whole  of  the  capital  would  be  called  up  he  was  not 
in  a  position  to  state.  2.  They  had  so  much  to  do  that  they  must 
not  expect  an  early  dividend.  3.  They  had  not  an  aosolute 
monopoly.  They  had  a  monopoly  in  part  of  the  district,  but  not 
throughout  the  whole.  There  would  always  be  a  rivalry  between 
certain  companies,  and  it  would  be  for  them  (the  Westminster)  to 
ensure  such  perfection  in  their  arrangements  as  would  give  them  a 
fair  start.  They  were  the  only  Company  supplying  on  that  par- 
ticular system,  and  they  considerea  it  the  fa^st,  and  hoped  that 
consumers  would  think  so  also.  One  important  point  in  their 
system  was  that  in  taking  on  new  customers  they  had  not  to  cut 
off  the  current  from  any  other  wires.  Other  companies  had  to  cut 
off  their  whole  circuit  to  supply  a  customer.  The  only  company  in 
competition  with  them  was  the  London. 

Mr.  Seott,  speaking  from  a  shareholder's  point  of  view,  thought 
they  must  give  the  Board  time  to  carry  out  important  work  of 
that  kind.  With  r^ard  to  competition,  he  always  understood 
that  Parliament  had  given  them  the  half  of  that  district,  along 
with  the  London  Company,  and  if  they  (the  Westminster)  did  their 
duty  reasonably,  the  Board  of  Trade  would  maintain  them  in  their 
position.  He  would  like  to  say  that,  having  had  an  opportunity  of 
going  over  the  works  on  Tuesday,  he  was  quite  astonished  to  find 
the  progress  which  the  Directors  had  made  in  providing  for  the 
lighting  of  the  district.  The  station  near  the  House  of  Commons 
was  in  a  very  forward  condition,  and,  in  fact,  was  working  when 
he  was  there.  In  a  day  or  two  that  station  would  be  in  full  work, 
and  the  House  of  Commons  would  be  lighted  from  it  instead  of  the 
temporary  iron  shed  hitherto  used.  The  other  two  stations  showed 
considerable  progress,  especially  that  at  Eccleston-square,  which, 
with  the  open  weather  thev  were  having,  would  make  a  grand 
show  before  Christmas.  The  excavations  ^or  the  station  near 
Oxford-street,  though  only  taken  in  hand  in  September,  had  gone 
on  rapidly,  and  they  were  putting  the  concrete  in  now.  When 
these  stations  were  ready  tney  would  not  stand  waiting  for  their 
machinery,  for  it  was  ordered,  and  in  some  cases  ready.  It 
appeared  to  him  that  within  a  year  from  the  formation  of  the 
dompanv  the  work  would  be  got  on  with  to  a  degree  that  he  never 
expected.  With  regard  to  a  dividend,  he  had  heard  indirectly 
that  a  neighbouring  company  were  going  to  show  a  very  good  one 
at  their  coming  meetii^.  It  had  been  at  work  a  few  months 
longer  than  they  had.  Turning  to  another  point  which  concerned 
the  Directors,  he  said  that  the  articles  of  association  were  made 
at  an  early  date  before  the  Company  had  assumed  its  present  pro- 

g>rtions  and  its  present  capital.  The  article  dealing  with 
irectors'  remuneration  said  it  should  be  £200  for  the  Chairman 
and  £100  for  the  others,  and  such  other  sum  as  should  be  voted  in 
general  meeting.  The  Directors  had  been  working  most  heartily  and 
BoccessfuUy,  and  he  did  not  think  the  article  mentioned  an  adequate 
sum.  He  would  like  to  suggest  that  the  Board  should  at  an  early 
opportunity  call  a  statutory  meeting  at  which  to  alter  that 
article,  for  he  understood  that  they  had  taken  no  remuneration 
whatever  at  present.  They  did  not  want  their  Directors  to  work 
for  nothing,  and  he  for  one,  as  representing  perhaps  the  largest 
interests  in  the  Company,  was  quite  prepared  to  say  that  the 
Directors  should  be  properly  paid,  and  they  had  not  prompted  him 
to  say  this.  He  congratulated  the  shareholders  on  the  position 
they  occupied,  it  appeared  to  him  that  the  Company  was  going 
rapidly  on  to  success.  He  spoke  as  a  man  of  business,  not  as 
an  electrician. 

Mr.  fltnait  asked  the  engineer  whether  the  expenditure  already 
made  exceeded  the  estimates  made  on  the  formation  of  the 
Company,  and  was  the  Board  of  opinion  that  the  capital  was 
adequate  to  carry  out  what  was  intended  ? 

FroC  BemMdjf  said  the  expenditure  up  to  then  had  been  well 
within  ail  the  estimates  thc^t  he  had  sqbmitted,  and 


The  CluUniuui  replied  that  the  capital  was  auite  adequate  (he 
did  not  know  what  they  might  be  induced  to  do  later  on)  for  what 
they  had  before  them. 

In  reply  to  Mr.  F.  A.  Wmte,  who  asked  whether  the  expendi- 
ture outside  the  engineer's  estimates  had  been  within  the  limits, 

The  Chairman  said,  with  regard  to  sites  they  were  quite  unable 
to  judge  what  that  would  come  to,  but  they  considered  they  had 
been  within  what  the  Board  thought  right.  They  saw  every  pro- 
bability, when  they  were  in  full  work,  of  making  a  very  good 
dividend. 

Prof.  Kennedy  having  explained  from  the  maps  on  the  walls 
what  had  been  done  as  far  as  engineering  work  went, 

A  Sliareliolder  asked  if  all  the  shares  had  been  taken  up,  and  it 
was  explained  that  of  the  60,000  shares  40,000  odd  were  taken  up 
by  the  public,  and  it  was  agreed  to  withdraw  the  balance. 

In  answer  to  another  question  as  to  the  danger  of  using  the 
electric  light.  Prof.  Kennedy  explained  that  the  Company's 
system  was  a  low-tension  one,  and  was  undoubtedly  not  dangerous  ; 
nobody  could  get  seriously  hurt. 

The  adoption  of  the  report  was  moved  by  the  GliAlnnaii, 
seconded  by  Mr.  Bonlnola,  M.P.,  and  carried  nem.  dis. 

Votes  of  thanks  were  passed  to  the  Chairman  and  Directors, 
Prof.  Kennedy,  the  General  Manager,  and  the  staff. 


MONTE  VIDEO  TELEPHONE. 


The  annual  ordinary  general  meeting  of  the  shareholders  of  this 
Company  was  held  on  rriday,  at  the  offices  of  the  Company,  25, 
Abchurch-lane,  E.C.,  Mr.  Arthur  Holland  presiding. 

The  Chatrman,  in  moving  the  adoption  of  the  report,  said  that, 
considering  the  wave  of  depression  which  had  passed  over  both 
sides  of  the  River  Plate,  both  at  Monte  Video  and  Buenos  Ayres, 
it  was  not  an  unsatisfactonr  one,  as  thev  had  practically  the  same 
profit  this  vear  as  last.  After  making  deductions  for  preliminary 
expenses,  depreciation,  etc. ,  the  profit  amounted  to  £10,494)  and 
they  proposea  that  the  full  dividend  of  6  per  cent,  be  declared  on 
the  preferred  shares,  and  of  the  balance  that  ^1,000  should  be 
carried  to  the  reserve  fund.  He  pointed  out  that  they  had  spent 
on  capital  expenditure  £5,000  during  the  past  twelve  months  for 
the  purpose  of  extending  their  wires  and  cables.  In  the  profit  and 
loss  account  there  was  an  increase  in  the  subscriptions  of  £891,  and 
an  increase  in  the  expenditure  in  Monte  Video  of  £1,120.  They 
must  wait  patiently  for  things  to  improve  in  Monte  Video,  and  he 
felt  confident  that  the  ordinary  shares,  in  a  year  or  two,  would 
become  very  valuable  property.  If  they  had  not  had  large  with- 
drawals of  their  subscribers  this  year,  and  had  continued  in  the 
normal  state  with  the  additions  they  had  received  of  new  sub- 
scribers, they  should  have  been  able  to  pay  a  dividend  of  6  per 
cent,  on  the  ordinary  stock.  He  then  formally  proposed  the 
adoption  of  the  report  and  accounts,  which  was  seconded  by 
Mr.  T.  D.  Peters,  and  agreed  to. 

The  Cliairman  then  proposed  that  a  dividend  of  6  per  cent,  on 
the  preference  shares,  as  recommended,  be  paid,  and  that  £1,000 
be  placed  to  the  reserve  fund. 

Both  motions,  having  been  seconded,  were  carried  unanimously, 
and  the  proceedings  terminated  with  a  vote  of  thanks  to  the  Chair- 
man and  Directors. 


NEW  COMPANIES  REGISTERED. 


United  Alkali  Company,  Limited.  ^Registered  by  H.  Forshaw 
and  Hawkins,  5,  Castle-street,  Liverpool,  with  a  capital  of 
£6,000,000  in  300,000  preference  and  300,000  ordinary  shares  of 
£10  each.  Among  the  very  comprehensive  objects  of  this  Com- 
pany we  notice  that  they  intend  to  carry  on  any  business  directly 
or  indirectly  connected  with  the  generation,  accumulation,  dis- 
tribution, supply,  or  application  of  electricity,  besides  the  busineas 
of  chemical  manufacture,  salt  manufacture,  paint  manufacture, 
dye  manufacture,  sanitary  and  disinfecting  manufacture,  etc.  The 
first  subscribers  are : 

Shares. 

J.  Brock,  Widnes 1 

H.  Gaskell,  Widnes 1 

J.  K.  Huntley,  Flint  1 

C.  Wigg,  Liverpool 1 

J.  H.  Dennis,  Liverpool 1 

A.  W.  Allhusen,  Gateshead,  Durham 1 

J.  E.  Davidson,  Newcastle-upon-Tyne  1 

C.  E.  Barlow,  Widnes 1 

J.  C.  Stevenson,  M.P.,  South  Shields 1 

J.  Tennant,  Saltwell,  Gateshead 1 

G.  L.  Wigg,  Runcorn 1 

P.  J.  Worsley,  Bristol 1 

J.  A.  Rayner,  St.  Helens  1 

E.  K.  Muspratt,  Dale-street,  Liverpool 1 

W.  J.  Menzies,  St.  Helens   1 

H.  Gaskell,  jun.,  Widnes  , 1 

R.  Shaw,  Widnes 1 

Sir  C.  Tennant,  3art.,  shall  be  the  first  honorary  president,  and 
Sir  Edward  Sullivan,  Bart.,  Holbrook  Gaskell,  John  K.  Huntley, 
and  J.  Hawke  Dennis,  vice-presidents.  The  qualification  of  every 
such  officer  shall  be  the  holding  of  £5,000  shares  in  the  Company. 
These  honorary  officers  shall  ex-officio  be  Directors  of  the  Company. 
Until  otherwise  determined,  there  shall  not  be  less  than  9  nor 
more  than  20  Directors,  exclusive  of  the  ex-officio  Directors  above* 
inentioned,  and  exclusive  of  managing  Directors, 


418        THE  ELECTRICAL  ENGINEER,  NOVEMBER  7,  1890. 


CITY    NOTES. 


Brarilfan  Submarine  Telegraph  Ck»iiipaiiy. — The  receipts  for 
the  week  ended  October  31  amounted  to  £5,411. 

Great  Northom  Telegraph  CktmiMuiy. — ^The  receipts  for 
October  were  £26.000,  making,  from  January  1,  a  total  of 
£232,800. 

Cnha  Submarine  Telegraph  Company. — ^For  the  month  of 
October  the  receipts  show  an  increase  of  £297*  as  compared  with 
the  corresponding  period. 

INreet  Spanish  Telegraph  Company. — For  the  month  of 
October  the  receipts  show  an  increase  of  £154,  as  compared  with 
the  corresponding  period. 

West  India  and  Panama  Telegraph  Company.— The  receipts 
for  the  half-month  ended  October  31  show  an  increase  of  £175  as 
compared  with  the  corresponding  period. 

Xaatom  Telegraph  Company.— -The  traffic  receipts  of  the 
Company  for  October  were  £59,589,  as  against  £62,981  for  the 
same  period  of  1889,  or  a  decrease  of  £3,392. 

■astern  Xxtanslon  Telegraph  Company.— The  receipts  of 
the  Company  for  October  amounted  to  £47,117,  as  af^ainst  £45,679 
in  the  corresponding  period,  showing  an  increase  of  £1,438. 

Klddlesbrongh  Xleotrlo  Light  Company.— Certificates  for  this 
Company  are  now  ready,  and  will  be  exchanged  for  banker's 
receipts  at  the  London  office,  Blomfield  House,  New  Broad-street, 
E.C. 


I  Frenoh  Patent  Copper  Company. — It  is  announced 
that  M.  Eugene  Secretan,  of  Paris,  the  late  manaeing  director 
of  the  Soci^ts  de  Metaux,  has  been  appointed  general  manager  in 
France  of  this  Company.  Application  has  been  made  totheStock 
Exchange  to  appoint  a  settling  day  and  quotation  for  the  sluues. 

West  India  and  Panama  Telegraph  Company.— The  report 
of  this  Company  for  the  half-year  ended  June  30  shows  an  avail- 
able balance  of  £24,698,  out  of  which  it  is  proposed  to  pay  the  first 
preference  dividend,  for  six  months  to  J  une  30,  of  6s.  per  share, 
and  the  second  preference  dividend,  on  account  of  arrears  to  June 
30,  of  £3  per  share,  the  balance  to  be  carried  over  being  £322. 


Telegraph  Company. — The  Board 
have  decided  that  after  placing  £7,500  to  the  renewal  fund,  and 
£5,280  to  the  debenture  redemption  fund,  the  Directors  would 
recommetod,  at  the  forthcoming  meeting,  a  dividend  of  6s.  per 
share  (free  of  income  tax),  being  at  the  rate  of  £4  per  cent,  per 
annum,  for  the  six  months  end^  June  30  last.  The  receipts  of  the 
Company  for  the  week  ended  Occtober  31,  after  deducting  the 
fifth  of  the  gross  receipts  payable  to  the  London  Platino- 
Brasilian  Telegraph  Company,  were  £4,235. 

Motropolitan  Bloetrie  Snpply  Company.— The  report  of  the 
Directors  states  that  under  the  Electric  Lighting  Act  it  has  been 
provided  that  the  accounts  of  statutory  supply  companies  shall  be 
made  up  to  the  31st  of  December  in  each  year.  In  order  to  comply 
with  this  require>nent  it  is  necessary  to  alter  the  period  of  the 
Company's  financial  year  to  the  end  of  December,  and  Uie  date  of 
the  annual  general  meeting  to  the  beginning  of  next  year.  The 
accounts  for  the  15  months  ending  the  fist  of  December  next  will 
therefore  be  submitted  to  the  meeting  to  be  held  early  in  1891. 
The  Company  is  making  steady  and  substantial  progress 
in  its  works,  and  what  promises  to  be  a  large  and  remunera- 
tive business  is  being  built  up.  During  the  14  months 
which  have  elapsed  since  the  Company  obtained  parliamentary 
powers  upwards  of  40  miles  of  electric  light  mains  have  been  laid 
m  pipes  under  the  streets  of  the  principal  thoroughfares  of  the 
Company's  districts.  Current  is  being  supplied  from  four  central 
stations,  two  of  which— viz.,  Whitehall  and  Sardinia-street— are 
folly  equipped,  while  the  other  two— viz.,  Rath  bone-place  and 
Manchester-square — are  on  the  eve  of  completion.  The  Company's 
area  of  supply  has  been  enlarged  by  the  aadition  of  the  important 
and  valuable  district  of  Paddington.  While  it  is  impossible,  until 
the  accounts  have  been  made  up  and  audited,  to  review  the  Com- 
pany's financial  position  in  detail,  the  Directors  are  of  opinion  that 
the  prospects  of  the  Company  are  such  as  to  warrant  them  in  look- 
ing forward  to  a  satisfactory  dividend  being  earned  during  the 
ensuing  year. 


PROVISIONAL  PATENTS,  1890. 


OOTOBKB  27. 

17165.  A  preeeie  for  prodnolng  eopper  Uooke  witb  steel  eore, 
finr  the  mannteetnre  of  telegraph  and  telephone  wire. 

Heinrich  Lohausen,  Temple-chambers,  London. 

Ootobsb28. 

17181.  Improved  eleetrle  switeh.  Herbert  John  Allison,  62, 
Chancery-lane,  London.  (John  Alexander  Kennedy 
McGregor,  Henry  WalUch,  and  Solomon  J.  Wallach, 
United  States.)    (Complete  specification.) 

17247.  Improvements  In  eleetrle  apparatus  for  transmitting 
motion.  Mark  Wesley  Dewey,  45,  Southampton-buildings, 
London.    (Complete  specification.) 

17266.  Improvements  In  eleetrle  railways.  John  Corry  Fell,  1, 
Queen  Victoria-street,  London.  (Charles  Richter,  United 
States.) 


OOTOBEB  29. 

17277.  An  Improved  method  of  and  apparatos  fbr  the  eieotrlsal 
treatment  of  sewage,  wines,  oUs,  air,  gases,  and  otlier 
fluids.  Robert  Wotherspoon,  62,  St.  Vincent-street, 
Glasgow.    (Henry  Rowley,  Australia.) 

17308.  Improved  switch  for  eleetrle  light.  Charles  Walter  Cox 
and  Frederick  Robinson,  8,  Strand -street,  Liverpool 

17309.  An  Improved  method  of  lighting  ship's  side,  mast  bsad. 
and  signal  lamps  by  eleetrle  light.  Charles  Walter  Cox, 
Frederick  Robinson,  and  William  Henry  Gritton,  8,  Strand- 
street,  Liverpool. 

17322.  Improvements  In  telephones.     Eugen   Hartmann  and 

Wunibald  Braun,  47t  Lincoln*s-inn-fields,  London. 
17327.  An  Improved  eleetrle  meter.    Herbert  Woodville  MiUsr, 

28,  Southampton-buildings,  London.    (Complete  specifica- 
tion. ) 

Octobeb30. 
17335.  Improvements  In  eleetrle  motors.    Frederick  B.Fawoett, 

Torpels,  Weston-super-Mai-e. 
17366.  The  appUoatton  of  electrtetty  by  or   tbronCh  hoet% 

shoes,    slippers,    and   snoh  like    to   the  hnman  body. 

William  Mannion  and  James  Hewitt,  148,  St.   SaviourV 

road,  Leicester. 
17375.  An  eleotrle  motor.    J.  B.  Denis,  54,  Dean-street,  Sobo» 

London. 
17379.  Improvements  In  eoding  and  transmitting  tslsgrsmi 

and   seoret    messages.      Samuel    Joseph     Maokie,  27, 

Chancery-lane,  London. 
17394.  Apparatus  for  eflbetlng  a  permanent  make  or  break  of 

an  elO'  trie  eironit  at  any  suitable  number  of  pelsts. 

Lucioii  Vialet  Chabrand,  46,  Lincoln's-inn-fields,  London. 

October  31. 
17402.  Improvements  In  and   eonneoted  with  eleetrleal  eos- 

duetors.  and  fittings  combined  therewith.     David  Cook, 

Carrington  Riddell  Gordon  Smyth,  and  Ernest  Payne,  140, 

Buth -street,  Glasgow. 
17444.  An  Improved' fUUng  for  galvanle  batteries.    MazMAtbel, 

115,  Cannon -street,  London. 
17459.  improvemeata  In  and  relating  to  eleetrle  are  lamps. 

Frederic    Victor    Maquaire,    45,    Southampton -bnildingB, 

London. 
17488.  Pivoted  lamp  posU  for  eleetrle  lighting.    John  Alfred 

Radley,  14,  Thorpe-road,  Norwich. 

November  1. 

17532.  Improvements  In  eleetrle  motors.  James  Collins,  47, 
Linooln's-inn-fields,  London. 

17558.  Portable  generator  and  eleetrometer  fbr  testlag  Inssbt* 
tlon  of  eleetrle  wires.  John  James  Rath  bone,  166,  Fleet- 
street,  London. 

17560.  Improvemenu  In  and  relating  to  locked  switches  for 
eleetrle  eurrent  eireults.  John  Abbott  Iliffe  and  Henry 
Barton,  433,  Fleet-street,  London. 


SPECIFIC ATIONS  PUBLISHED. 

•   1889. 
15733.  Xleetrleal  signalling  apparatus.    Duoretet.    8d. 
17819.  Sleotrlo  switehos.     Slatter  and  Rixon.    8d. 
17915.  Telegraph  eireults.    Gisbome  (Keeley).    8d. 
19061.  Klerotelephonlo  apparatus  for  drivers.     Wreden.    8d. 
19829.  Phonographs.     Mills  (Edison).     8d. 

1890. 
6041.  Transformation  of  ele  trieal  energy.     Dewey.     8d. 
10595.  Measuring  eleetrleal  energy.     Thomson.     Is.  3d. 
12228.  Dynamo-electrle  maohlnes.     Easton.     6d. 
12979.  Thormo-eleetrlo  generators.     Cox.    8d. 

13002.  Xnduotlon  ooUs.     Lake  (Thomson).     8d. 

13003.  Xieotrodes.    Pepper.     6d. 

13024.  Xleetrolysis  of  melted  haloid  salts.     Rennerfelt.     4d. 
13233.  Portable    eleotrle    lamps.      The    Mitiiug    and    (leiieral 
Electric  Lamp  Company,  Limited,  and  Moscrop.     6d. 

13780.  Xlectrle  eondulU     Elliott.    8d. 

13905.  Ifileetrle  welding.     Dewey.     8d. 

13906.  Xleetrlo  welding.     Dewey.     8d. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-Amsrican  Brush  

—  Pref.    

India  Rubber,  Gutta  Peroha  k  Telegraph  Co. 

House-to-House      

Metropolitan  Electric  Supply   

London  Electric  Snpply    

Swan  United    

Orompton  k  Co.,  Pref.  

National  Telephone    

Sleotric  Gonatniotion 
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NOTES. 


Newport  (Mon.). — The  Town  Council  will  apply  for 
an  order. 

West  Hartlepool.— The  Town  Council  have  decided 
to  apply  for  an  order. 

TJbe  Cardlir  County  Connoll  have  appointed  a  light- 
ing and  electric  cominittee. 

Sleotrio  JAgjhthig  In  Austria. — ^A  central  station  is 
to  be  proceeded  with  at  Sternberg. 

SUp  Zilflrlitincr*— H.KS.  **  Terpsichore  "  was  launched 
a  few  days  since.    She  will  be  lighted  electrically. 

CoUenti. — The  telephone  line  between  Coblentz  and 
Cologne  will  be  finished  before  the  end  of  the  year. 

DUon  (Franoe). — A  telephone  exchange  was  opened 
here  on  the  1st  inst.     It  sUrts  with  99  subscribers. 

The  Telephone  In  Sweden. — The  Telephonic  Ad- 
ministration in  Sweden  is  buying  up  outside  companies. 

Train  lAglMng. — Trials  have  been  made  at  Berlin 
with  8^.p.  lamps  fed  by  accumulators  for  train  lighting. 

City  and  South  London  Railway, — It  is  stated  that 
this  railway  will  be  opened  to  the  public  on  the  26th  inst. 

Waterford.  —  We  understand  that  Messrs.  Laing, 
Wharton,  and  Down  have  been  reorganising  their  station 
here. 

Baatboume. — ^The  telephone  company  have  reduced 
the  rent  of  the  fire  brigade  telephones  from  £91  to  £80 
per  annum. 

Oldbury. — The  Local  Board  have  refused  their  sanction 
to  Messrs.  Latimer  Clark,  Muirbead,  and  Co.'s  applying 
for  an  order. 

Last  Week's  Gale. — The  high  wind  on  Thursday  and 
Friday  in  last  week  caused  the  usual  havoc  among  overhead 
wires  in  town. 

Kingston-on-Thames. — The  Town  Council  has  de- 
cided to  apply  for  an  order  with  a  view  to  keeping  out 
supply  companies. 

New  Ross  (Ireland). — Mr.  Arthur  F.  Guy  was  to  give 
a  lecture  on  electricity  to  the  New  Ross  Town  Commissioners 
last  (Thursday)  night. 

Overhead  Wires. — The  Highways  Committee  of  the 
North  Biding  (Yorks.)  County  Council  are  considering  the 
question  of  overhead  wires. 

Proposed  Tramway. — Mr.  Chadwell  has  submitted 
plans  to  the  Oswaldtwistle  Local  Board  for  an  electric  tram- 
way from  that  town  to  Accrington. 

Sutton  (Surrey). — Mr.  Holford's  scheme  for  providing, 
inter  alia,  an  electric  light  station  at  Sutton  has  been  prac- 
tically shelved  by  the  Local  Board. 

Vienna. — ^The  installation  at  the  Gesellschaft  der 
Musikfreunde  here  will  soon  be  completed,  and  the  trial 
run  is  ex[)octed  to  take  place  shortly. 

Bromley  (Kent). — ^The  Local  Board  have  determined 
to  apply  for  an  order.  We  understand  that  Prof.  Kennedy 
has  been  called  in  as  professional  adviser. 

Preston  (Lanes.). — The  National  Electric  Supply 
Company  have  put  up  a  few  lights  in  Fishergate  tempor- 
arily with  the  sanction  of  the  Town  Council. 

Consett. — ^The  Local  Board  charge  the  National  Tele- 
phone Co.  Is.  for  every  pole  erected.  The  company  ai^ 
completing  their  line  between  Newcastle  and  Consett. 


Aylesbury. — ^Messrs.  Latimer  Clark,  Muirhead,  and 
Co.  have  asked  for  the  Local  Board's  sanction  to  their 
appljring  for  an  order.    The  matter  has  been  adjourned. 

Stettin. — ^Messrs.  E.  Buchholz  and  Co.,  of  this  town, 
have  the  work  of  lighting  Herr  J.  Bobrisch's  brewery  with 
electric  light.  Seven  arcs  and  200  incandescents  wiU  be 
used. 

A  Freneh  Battery  Company. — ^The  Compagnie 
Fran^aise  des  Piles  Universelles  has  been  founded  in  Paris 
by  MM.  Paul  Oudin  and  H.  Othon  Kratz.  The  office  is  at 
3,  Rue  Saint-Laurent. 

Breslau. — The  Eledrotedmische  Zeitschrifi  says  that  the 
building  of  the  central  station  here  is  progressing  so  rapidly 
that  it  is  expected  the  management  will  be  able  to  take 
possession  of  it  in  February  next 

The  Telephone  in  Austria. — It  is  proposed  to 
establish  a  network  of  telephone  lities  between  a  large 
number  of  towns  in  Northern  Bohemia,  and  to  connect 
these  with  the  exchange  at  Prague. 

Another  Ship  Fire. — ^Mrs.  Stanley  appears  to  have 
had  a  bad  passage  to  New  York ;  among  the  other 
dSsagrSmms  being  a  small  blaze,  due  to  the  electric  light 
leads.    This  was  on  the  *'  Teutonic." 

Soeiety  of  Arts. — Mr.  F.  Bailey's  paper  on  "  Electric 
Lighting  Progress  in  London  "  is  down  for  December  10th. 
The  presidential  address  will  be  delivered  on  the  19th 
inst.  at  8  p.m.,  by  Sir  Richard  Webster,  M.P. 

Personal. — A  full  length  portrait  of  Mr.  T.  Parker,  of 
the  Electric  Construction  Corporation,  has  been  hung  in 
the  Wolverhampton  Art  Gallery.  It  has  been  painted  by 
Mr.  E.  Goodwyh  Lewis  for  Mr.  James  Oddie,  of  Ballarat. 

Chiswiok. — The  Local  Board  will  apply  for  an  order. 
The  West  Metropolitan  Electric  Light  Co.  have  offered  to 
contract  for  supplying  current,  but  the  Board  do  not  seem 
inclined  to  consider  the  matter  yet,  and  it  has  been  labelled 
"  premature." 

The  Paris  (1889)  Exhibition. — ^The  delay  which  has 
taken  place  in  the  distribution  of  the  medals  and  diplomas 
awarded  at  this  exhibition,  is  said  to  have  been  due  to  the 
care  with  which  the  latter  have  been  produced.  They  are 
to  be  distributed  shortly. 

Watohmen's  Tell-Tale  Cheeks. — ^The  Sussex 
County  Lunatic  Asylum  is  being  fitted  with  a  system  of 
electric  tell-tale  checks,  which  will  enable  those  in 
authority  to  detect  anything  amiss  on  the  part  of  those  who 
have  to  supervise  the  wards  by  night. 

The  Oerman  Exhibition. — ^The  first  meeting  of  the 
German  Honorary  Advisory  Council  of  the  forthcoming 
German  Exhibition  in  London  was  held  a  few  days  ago  at 
the  Deutsche  Bank,  George-yard,  Lombard-street,  City, 
under  the  presidency  of  Mr.  0.  von  Ernsthausen. 

Underground  Mains. — The  Strand  Board  of  Works 
have  discussed  the  question  of  subways  for  underground 
electric  mains,  gas  and  water  pipes,  and  the  matter  has  been 
referred  to  the  Works  and  Parliamentary  Committee  with 
a  view  to  getting  other  authorities  to  combine  in  this 
direction. 

North-East  Coast  Institution   of  Engineers.— 

The  papers  to  be  read  before  this  institution  during  the 
ensuing  (seventh)  session  include  one  by  Mr.  W.  C. 
Mountain  on  "  Electrical  Engineering."  It  is  down  for  the 
9th  of  March.  The  president  this  session  is  Mr.  Wigham 
Bichardson. 
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Telephone  Line  between  Vienna  and  Bmnn. — 

The  line  between  these  two  towns  was  to  be  opened  for 
use  on  the  Ist  inst.  The  wires  are  of  bronze.  This  new 
line  will  prove  a  great  convenience  to  subscribers  to  the 
exchanges  in  Briinn  and  Vienna,  who  will  now  be  in  direct 
communication. 

Olne  for  Indiambber. — Dissolve  one  part  of  gam 
lac  in  10  parts  of  ammonia.  The  resulting  mass  is  trans- 
parent, but  will  not  become  liquefied  for  three  weeks  or  a 
month.  It  cannot  be  employed  till  then,  but  after  this 
period  will  glue  rubber  to  rubber  or  rubber  to  metal. — 
JUvue  IndustrieUe, 

Cyanides  and  Tnberonlosie. — ^According  to  a 
Viennese  chemist,  who  for  several  years  was  employed  in 
silvering  and  gilding  works  the  atmosphere  of  which  was 
always  charged  with  cyanhydric  acid  vapour,  several  work- 
men, afflicted  with  consumption  when  they  entered  the 
works,  were  cured  by  the  inhalation  of  the  vapour. 

Telefirrapb  Blateiial  Wanted. — The  Cheshire  Lines 
Committee  are  asking  for  tenders  for  the  supply  of  tele- 
graph instruments,  wire,  and  other  materials.  Further 
information  can  be  had  of  Mr.  S.  S.  Barton,  storekeeper, 
Cheshire  Lines,  Warrington.  Tenders  are  to  be  in  the 
hands  of  Mr.  Edward  Boss,  secretary,  London-road  Station, 
Manchester,  by  10  a.m.  on  the  29th  instant. 

Lord  Mayor's  Day. — ^At  the  Guildhall  banquet  on 
Monday  evening  last  the  large  dining-hall  was  lighted  by 
about  500  incandescents  fixed  to  the  gasoliers  above  the 
tables,  and  the  effect  produced  was  much  admired.  The 
work  was  carried  out  by  the  Brush  Electrical  Engineering 
Company  at  very  short  notice,  and  they  are  therefore  the 
more  to  be  congratulated  on  the  happy  result. 

The  Tannton  Aooident. — Among  those  injured  in 
the  accident  to  the  6.W.R.  express  from  Plymouth  to 
London  with  passengers  from  the  Cape  early  on  Tuesday 
morning,  was  a  Mr.  Hall,  who  described  himself  as  an 
electrician,  connected  with  the  De  Beer  mines.  Mr.  Hall, 
who  was  in  the  second  compartment  of  the  first  carriage, 
seems  to  have  had  a  marvellous  escape  from  death. 

Xioamington. — The  Corporation  are  applying  for  an 
order  as  well  as  Messrs.  Chamberlain  and  Hookham.  The 
town  clerk  has  been  instructed  not  to  pay  the  lighting 
account,  and  Messrs.  Chamberlain  and  Hookham  demand 
5  per  cent,  on  the  unpaid  account,  and  have  given  the 
Corporation  six  months'  notice  to  terminate  the  contract. 
They  dispute  the  borough  surveyor's  photometric  tests. 

Loss  of  H.BI  S.  **  Serpent." — With  reference  to  the 
wreck  of  H.M.S.  "  Serpent "  on  the  coast  of  Gkilicia,  we 
notice  that  a  daily  paper  thinks  the  disaster  may  possibly 
be  due  to  disturbance  of  the  ship's  compasses  caused  by  the 
mineral  character  of  the  land  in  this  neighbourhood.  It  is 
within  the  bounds  of  possibility,  but  we  should  be  more 
inclined  to  think  that  a  breakdown  in  the  machinery  was 
the  immediate  cause  of  the  regrettable  occurrence. 

Copenhagen. — Messrs.  Siemens  and  Halske  have  been 
entrusted  with  the  work  of  erecting  a  central  station  here 
for  the  town  authorities.  It  will  be  of  sufficient  capacity 
to  feed  14,000  lamps.  The  work  will  be  taken  in  hand  in 
the  coming  spring,  so  that  the  lighting  may  be  ready  by 
the  time  winter  sets  in  next  year.  The  three-wire  system 
will  be  adopted.  During  the  day  the  lighting  current  will 
be  supplied  by  Tudor  accumulators,  giving  a  discharge  of 
250  amperes. 


Paris  Ugrlitingr.— The  electric  companies  in  Paris  are 
protesting  against  the  agreement  between  the  Municipal 
Council  and  the  Paris  Gras  Company,  whereby  the  latter  are 
to  be  authorised  to  supply  electricity.  The  above  Council 
have  passed  a  resolution  that  Parliament  ought  to  assimi- 
late the  production  of  electricity  for  lighting  purposes  with 
those  industries  considered  dangerous.  This  is  with  a  view 
to  installations  being  closely  inspected  by  the  Prefecture  of 
Police !  The  Council  are  also  crusading  against  the  emission 
of  smoke  by  central  stations. 

Wokinff. — ^The  installation  at  Woking  has  been  com- 
pleted, and  was  working  this  week.  The  plant  consists  of 
two  multitubular  boilers  of  100  h.p.  each,  working  at  a 
pressure  of  1501b.,  and  two  high-speed  triple-expansion 
engines,  each  driving  a  dynsuno  capable  of  supplying  2,000 
eight-cp.  incandescent  lamps.  The  price  charged  is  8d.  per 
unit.  There  is  room  at  the  station  for  doubling  the  plant 
should  the  demand  for  the  light  warrant  it.  Hitherto, 
Woking  has  had  no  illuminant  other  than  oil  and  candles, 
and  there  is  no  system  of  public  lighting  whatever. 

Chagford  (Devon). — There  is  a  possibility  of  the  elec- 
tric light  being  introduced  into  Chagford.  Mr.  G.  H.  Reed, 
millwright  and  machinist,  has  leased  part  of  a  woollen  fac- 
tory there,  and  last  week  gave  a  demonstration  with  incan- 
descent lights,  fed  by  a  Joel  dynamo.  Mr.  Eaton,  of  London, 
subsequently  addressed  a  meeting  at  which  he  expressed 
surprise  that  with  gas  at  6s.  8d.  per  1,000  the  electric  light 
had  not  been  introduced  before.  Mr.  McSweeney,  electrical 
engineer,  also  gave  a  lecture  on  electricity.  A  canvass  of 
the  town  is  said  to  have  resulted  favourably  for  electric 
lighting. 

Croydon. — Ab  will  be  seen  from  another  column,  Mr. 
Preece  has  presented  a  report  to  the  Croydon  Town 
Council  on  the  proposed  lighting  of  the  borough  by  electri- 
city. He  recommends  a  high-pressure  system  with  trans- 
former stations,  owing  to  the  scattered  nature  of  the  area 
to  be  supplied.  He  thinks  that  the  Council  need  not 
anticipate  having  to  supply  more  than  6,400  lamps  during 
the  first  two  years — viz.,  3,400  public  and  3,000  private 
lamps — and  that  to  do  this  £50,000  capital  will  suffice. 
Having  considered  the  report  the  Council  have  decided  to 
apply  for  an  order. 

The  liane  Fox  Patents. — ^From  an  advertisement  in 
our  columns  and  from  other  sources  we  gather  that  the 
only  claim  which  the  Lane  Fox  Electrical  Company  have 
wished  to  enforce,  so  far,  is  that  based  on  Mr.  Lane 
Fox's  leading  patent.  No.  3,988**,  of  1878.  Their  motives 
having  been  misunderstood,  however,  they  have  determined 
to  anticipate  any  attempts  to  evade  their  claims  by  enforc- 
ing that  based  upon  patent  No.  4,726,  of  1878,  for  the  use 
in  connection  with  their  system  of  shunt  electrometers — i.e., 
of  the  class  of  instruments  known  as  voltmeters  or  potential 
electrometers,  with  or  without  automatic  attachments. 

The  Telepbone  In  Franoe. — ^Inter-urban  conversa- 
tions at  night — that  is,  between  9  p.m.  and  9  a.m. — ^are  pro- 
posed to  be  charged  as  follows :  Ordinary  conversations, 
lasting  five  minutes,  30  centimes  per  100  kilom.,  or  fraction 
thereof.  To  subscribers  of  more  than  one  month's  standing 
the  price  will  be  reduced  to  20  centimes  (about  2d.).  Thus 
says  the  Bulletin  IntertuUianalf  of  Paris,  to  converse  with 
Lyons  will  cost  If.  80,  subscribers  If.  20 ;  with  Marseilles 
2f.  70,  subscribers  If.  80;  with  Lille  90  centimes,  sub- 
scribers 60  centimes ;  with  Bouen  60  centimes,  subscribers 
40  centimes.    The  starting  of  this  innovation  rosU  with  tho 
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Minister  of  Posts  and  Telegraphs,  who  will  require  to  he 
assured  that  the  lines  will  be  sufficiently  employed  before 
doing  so. 

New  Cables  to  BrasiL — As  will  be  seen  from  a  report 
elsewhere,  the  Brazilian  Government  have  at  last,  after 
protracted  negotiations,  authorised  the  Western  and 
Brazilian  Telegraph  Company  to  lay  alternative  cables.  The 
directors  may  be  congratulated  on  the  result  of  their  efforts, 
which  will  reduce  the  risk  of  interruption  to  the  traffic 
between  this  country  and  Brazil  to  a  minimum.  It  would 
have  been  hardly  fair  on  the  part  of  the  Brazilian  Gk)vern- 
ment  to  encourage  rival  competition.  The  company  will 
proceed  with  the  laying  of  the  new  cables  as  soon  as 
possible.  A  report  of  the  20th  ordinary  general  meeting  is 
published  in  this  issue. 

Dublin  Idghtlnff.— A  long  letter  from  Mr.  Sheriff 
Perry  has  appeared  in  the  Dublin  Press  criticising  the 
actions  of  the  Electric  Lighting  Committee  in  that  town, 
and  generally  inveighing  against  the  authorities  spending 
the  public  money  in  erecting  a  central  station.  Mr.  Perry 
seems  to  be  in  favour  of  giving  the  lighting  to  contractors — 
that  is,  if  he  can  be  said  to  be  in  favour  of  electric  lighting 
at  all,  which  to  him  apparently  still  appears  to  be  in  the 
experimental  stage  I  Mr.  Perry  seems  to  doubt  whether 
the  Electric  Lighting  Committee  know  anything  at  all 
about  the  matter  they  are  dealing  with.  We  fancy  that 
the  ignorance  imputed  to  these  gentleoaen  may  be  found 
existing  in  an  active  state  outside  the  body  of  which  they 
are  members. 

Bleetiio  Storage  Car  in  Paris.— The  Soci^t6  pour 
la  Travail  Electrique  des  Metaux  is  running  a  storage  car 
with  Laurent-G^ly  cells,  between  the  Palais  de  Flndustrie 
and  the  Place  de  la  Concorde,  on  a  narrow-gauge  Decau- 
ville  line.  The  car  carries  two  Uillairet  motors  of  6  h.p. 
(French)  each,  the  pulleys  of  which  are  geared  to  the  axles 
of  the  car.  The  speed  is  reduced  in  the  ratio  of  1  to  10. 
There  are  64  cells  of  11  plates  (20  cm.,  7'8in.  surface), 
which  are  arranged  in  eight  boxes  each,  divided  into  eight 
compartments.  The  total  weight  of  the  car  is  4,500  kilos 
(1  kilo  =>  2'2lb.).  On  starting,  the  discharge  is  90,  and 
when  running  normally,  45  amperes.  This  corresponds, 
says  the  Bvlleiin  Itdematiorud^  to  2*2  amperes  per  kilogram 
of  plate.  The  weight  of  plates  in  the  battery  is  1,267 
kilos,  of  a  cell  19*8  kilos,  and  the  gross  weight  of  the 
battery  1,536. 

Iieeds  Tramways. — An  interesting  discussion  on  a 
report  by  Mr.  Hewson,  borough  engineer  of  Leeds,  re- 
specting the  proposal  of  the  Thomson-Houston  Company  to 
put  their  electric  cars  on  the  Boundhay  Park  route,  took 
place  at  the  Town  Council  meeting  on  Monday  last.  Ap- 
parently the  only  serious  difference  of  opinion  between 
members  of  the  Council  centres  round  the  proposal  of  the 
company  that  after  two  years'  running  the  Council  shall 
purchase  the  plant,  subject  to  a  depreciation  of  2^  per  cent. 
It  is  thought  that  this  figure  should  be  raised  to  7^  per  cent. 
The  result  of  the  discussion  was  that  a  resolution  was  passed 
approving  of  the  proposed  arrangement  with  the  company 
for  the  working  of  the  tramway  from  Sheepscar  to  Bound- 
hay  Park,  subject  to  further  enquiry  and  approval  by  the 
Highways  Committee.  A  detailed  report  will  be  found  in 
another  column. 

Theoretleally  Perfect. — ^At  the  meeting  of  the  Impe- 
rial Continental  Qas  Association  the  other  day,  a  shareholder 
offere^  his  fellows  the  following  extraordinary  crumb  of  com 
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fort  for  digestion.  He  said  that  *'  the  theoretical  perfection 
of  the  electric  light  was  more  closely  approached  than  was 
the  theoretical  perfection  of  gas,  notwithstanding  the  many 
years  that  they  had  been  making  and  using  the  latter." 
Taken  as  a  compliment,  this  seems  rather  backhanded  so 
far  as  our  friends  the  gas  managers  are  concerned.  Accord- 
ing to  this  statement,  they  are  being  left  behind — in  fact^ 
are  left  behind,  although  they  began  the  race  first 
The  crumb  of  comfort  was  hard  of  digestion,  we  fancy,  so 
far  as  the  supporters  of  gas  were  concerned,  because  the 
Imperial  Association  is  in  a  position  to  know  something 
about  the  matter,  having  vended  both  gas  and  electricity 
for  lighting  purposes. 

Electric  Ugrhtingr  In  Monaco. — ^The  concession  for 
lighting  Monaco  has  been  granted  to  the  firm  of  Lombard 
Geiin,  Lyons,  which  has  amalgamated  with  the  Soci^t^ 
Mor^gasque  d'Electricit6,  which  was  formed  bytheSoci^t^s 
dos  Bains  de  Mer  and  Cercle  des  Etrangers.  The  conces- 
sion is  for  50  years,  when  the  material  in  the  public  high* 
ways  will  become  the  property  of  the  town,  who  will  also 
be  empowered  to  purchase  the  station  at  a  price  to  be  fixed 
by  valuation.  After  25  years  the  Government  can  insist 
on  the  method  of  distribution  being  reorganised  and  brought 
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pressure  in  the  primary  circuit  of  3,000  volts,  and  in  the 
secondary  of  120  volts.  Earth  returns  are  prohibited.  The 
Oovernment  will  give  the  site  for  the  station,  which  is  to 
have  a  capacity  of  50,000  incandescents,  and  the  ground 
required  for  conduits. 

Bombay. — ^The  Municipal  Commissioner  is  inviting 
tenders  for  lighting  certain  streets  of  Bombay  by  electricity 
as  an  experiment.  Tenders  are  to  be  sent  in  by  1  p.m. 
on  the  16th  February.  Forms  of  tender  and  schedule  of 
conditions,  with  a  sketch  of  the  portion  of  the  city,  show* 
ing  the  streets  to  be  lighted,  may  be  obtained  from  Messrs. 
E.  W.  and  R  Oliver,  1,  Corbet>court,  Gracechurch-street, 
E.C.,  on  payment  of  XI.  Tenders  must  be  accompanied 
by  a  deposit  of  Es.  1,000  in  cash  (not  to  bear  interest),  or 
in  public  securities  for  that  amount,  to  be  paid  to  the  Chief 
Accountant  of  the  Municipality  of  Bombay,  which  will  be 
forfeited  to  the  Corporation  in  case  of  refusal  to  sign  the 
contract  embodying  the  conditions  mentioned  in  the 
schedule  above  referred  to.  A  further  payment  to  make 
the  total  deposit  equivalent  to  5  per  cent,  on  the  contract 
amount  will  have  to  be  made  by  the  tenderer  whose 
tender  may  be  accepted  before  signing  the  contract  The 
specification  and  conditions  are  given  in  our  present  issue. 

Colliery  Lighting. — ^Mr.  Andr^,  writing  in  the  CoUiety 
Guardian,  says :  "  Further  experiments  recently  made  at 
St.  Etienne  have  clearly  demonstrated  that  firedamp  in  its 
most  sensitive  state — that  is,  mixed  with  air  in  the  propot* 
tion  which  gives  the  highest  degree  of  inflammability-* 
cannot  be  ignited  by  a  spark  from  the  pick.  The  sparks  in 
this  instance  were  struck  from  a  hard  iron  ore— <»irbonate 
of  iron.  The  recent  explosions  at  St  Etienne  have  again 
directed  attention  to  electricity  as  the  only  safe  means  of 
lighting  fiery  workings.  The  '  Stella '  electric  safety  lamp) 
tried  some  time  ago  at  the  Anzin  collieries,  and  since 
improved  in  construction,  is  much  talked  about  It  is  to 
be  hoped  that  this  problem  of  a  practicable  electric  safety* 
lamp  will  be  aoon  solved.  The  matter  is  worthy  the  atten- 
tion of  inventors,  but  for  those  who  are  not  practically 
acquainted  with  the  conditions  of  mining  it  is  sheer  waste 
of  time  to  meddle  with  it'' 
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SdlnbnFffli  Bzhibltioii. — ^The  climax  to  the  series  of 
regrettable  incidents  which  have  marred  the  end  of  this 
exhibition  occurred  on  Saturday  last,  when,  at  the  instance 
of  the  liquidator,  Mr.  Lee  Bapty,  general  manager,  was 
arrested  at  the  Waverley  Station,  Edinburgh.  The  arrest 
was  made  under  a  warrant  to  prevent  Mr.  Bapty  leaving  the 
country  until  he  had  paid  or  found  security  for  his  contribu* 
tion  of  £500  to  the  guarantee  fund  of  the  exhibition.  At 
the  Sheriff's  Court,  Mr.  A.  Mackenzie  Boss,  refreshment  con- 
tractor to  the  exhibition,  became  security,  and  Mr.  Bapty  was 
liberated.  He  complained  that  no  call  had  yet  been  made  on 
the  guarantors,  and  said  he  did  not  know  why  he  should  be 
singled  out.  He  was  on  his  way  to  Jamaica  to  manage  the 
exhibition  which  is  shortly  to  be  opened  there.  Mr.  Bapty 
was  somewhat  indignant  at  the  course  taken  by  the 
sheriff's  officers,  who,  he  said,  might  just  as  well  have 
arrested  him  at  his  house  in  the  exhibition  grounds. 

Ziowes. — With  reference  to  the  discussion  which  has 
been  going  on  at  Lewes  as  to  the  lighting  of  the  town  by 
electricity,  it  is  instructive  to  read  a  letter  to  a  local  paper 
from  an  old  inhabitant  of  the  town  now  living  at  Kansas, 
U.S..  He  says  that  no  one  out  there  ever  questions  the 
superiority  of  electricity.  **  There  are  hundreds  of  miles  of 
high-pressure  wires  for  arc  lights,  to  say  nothing  of  the  low- 
pressure  ones  for  incandescent  lights.  All  the  principal 
thoroughfares,  and  public  buildings  and  stores,  are  lighted 
with  arc  lamps,  while  the  churches,  residences,  and  smaller 
stores,  and  those  requiring  a  soft  light,  use  the  incandes- 
cent Notwithstanding  this  multitude  of  wires — which, 
with  the  telegraph  and  telephone  wires,  form  a  complete 
network  over  every  street — during  the  two  years  I  have 
been  here  not  a  single  accident  or  fire  has  occurred,  and  I 
feel  assured  that  with  the  safeguards  with  which  we 
English  surround  everything  no  casualties  of  this  nature 
need  be  feared.'' 

The  Royal  Sooloty.— The  following  is  the  list  of 
names  recommended  by  the  President  and  Council  of  the 
Eoyal  Society  for  election  into  the  council  for  the  year 
1891  at  the  forthcoming  anniversary  meeting  on  December 
1  :  President,  Sir  William  Thomson,  D.O.L.,  LL.D.; 
treasurer,  John  Evans,  D.C.L.,  LL.D. ;  secretaries,  Prof. 
Michael  Foster,  M.A.,  M.D.,  and  Lord  Rayleigh,  M.A., 
D.C.L. ;  foreign  secretary,  Archibald  Oeikie,  LL.D. ;  other 
members  of  the  council.  Prof.  William  Edward  Ayrton, 
William  Edward  Mahoney  Christie,  M.A.,  Prof.  W.  Boyd 
Dawkins,  M.A.,  James  Whitbi-ead  Lee  Glaisher,  D.Sc., 
Hugo  Miiller,  Ph.D.,  Prof.  Alfred  Newton,  M.A.,  Sir 
William  Roberts,  M.D.,  William  Chandler  Boberts-Auston, 
F.C.S  ,  Prof.  Edward  Albert  Schafer,  M.R.C.S.,  Sir  George 
Gabriel  Stokes,  M. A.,  Lleutenant-CJeneral  Richard  Strachey, 
B.E.,  Prof.  Joseph  John  Thomson,  M.A.,  Prof.  Thomas 
Edward  Thorpe,  B.Sc.,  Sir  William  Turner,  M.D.,  Prof. 
Sydney  Howard  Vynes,  M.A.,  and  General  James  Thomas 
Walker,  C.B. 

Eleotiio  DrUlB  for  ShipbnUdinff.— Electric  drills 
are  used  with  great  success  at  Earle's  Engineering  and 
Shipbuilding  Works,  Hull.  They  are  employed  in  drilling 
holes  2|in.  diameter  through  the  2iin.  steel  protective  decks 
of  H.M.SS.  "  Endymion  "  and  "  St.  George."  One  of  these 
holes  can  be  drilled  by  an  electric  drill  in  about  20  minutes, 
while  at  the  Government  dockyard,  Devonport,  it  takes 
two  men  half  a  day  to  drill  similar  holes  in  a  similar  ship. 
The  drill  has  been  designed  by  Mr.  W.  H.  Willatt,  elec- 
trical engineer  to  the  company.  It  stands  on  three  legs, 
which  are  powerful  compound  electromagnets,  capable  of  | 


lifting  1,0001b.  of  iron  each.  To  render  the  drill  portable, 
eccentric  wheel  castors  are  attached  to  each  leg.  For 
drilling  a  hole  the  machine  is  brought  over  the  place,  the 
castors  are  turned  up,  and  the  magnets  come  in  contact 
with  the  steel  deck ;  the  current  is  then  switched  on,  and 
the  magnets  grip  the  deck.  A  motor  on  the  machine 
operates  the  drill.  Current  is  supplied  from  the  circuit 
used  to  light  the  interior  of  the  ship  while  the  men  are  at 
work.  Electric  drills  have  been  used  in  the  U.S.  Govern- 
ment yard  at  Brooklyn  with  good  results. 

iBStltntloii  of  Eleotrioal  Bngineers.— Tickets 
have  been  issued  by  the  President  of  the  Institution  of 
Electrical  Engineers  and  Mrs.  John  Hopkinson  for  the 
convetsassUme  in  the  galleries  of  the  Royal  Institute  of 
Painters  m  Water  Colours,  191,  Piccadilly,  on  Wednesday 
evening,  19th  inst,  from  9  to  12  o'clock.  We  understand 
that  in  anticipation  of  the  large  numbers  who  are  expected 
to  respond  to  the  invitation,  the  Princes  Hall  has  been 
engaged  in  addition  to  the  galleries  of  the  Royal  Institute 
of  Painters  in  Water  Colours.  The  second  annual  dinner 
is  to  be  held  at  the  Criterion  Restaurant,  Piccadilly,  on 
Thursday,  the  20th  inst.  The  price  of  the  tickets  will  be 
10s.  6d.,  and  forms  have  been  issued  by  the  secretary  to  be 
filled  up  by  those  intending  to  be  present  Among  those 
who  have  accepted  the  invitation  of  the  President  and 
Council  aro  the  Postmaster-General,  the  Attorney-General, 
the  Presidents  of  the  Royal  Society,  the  Chemical  Society, 
and  the  Institution  of  Mechanical  Engineers,  and  the  Vice- 
Presidents  of  the  Institution  of  Civil  Engineers,  Sir  Arthur 
Blackwood,  the  Astronomer-Royal,  and  Dr.  Coleman  Sellers, 
one  of  the  members  of  the  International  Niagara  Commis- 
sion. 

Brighton. — The    memorial-etone    of   the   generating 
station  which  the  Corporation  are  building  in  North-road 
for  the  purpose  of  lighting  Brighton  by  electricity,  was 
publicly  laid  last  week  by  the  Mayor  (Alderman   Man- 
waring),  who  was  presented  for  that  purpose  with  a  silver- 
mounted  mallet  and  trowel.    In  the  course  of  his  remarks 
his  Worship  said  he  was  not  prepared  to  state  that  the 
scheme  was  going  to  be  a  financial  success  at  first,  but  the 
town  would  eventually  find  that  it  had  taken  a  wise  course 
in  adopting  it.     The  station  is  being  built  by  Mr.  J.  T. 
Chappell  in  accordance  with  plans  and  specification  pre- 
pared by  Mr.  James  N.  Shoolbred,  C.R    The  works  were 
commenced  on  the  1st  October,  and  it  is  expected  they  will 
be  completed  by  the  end  of    January.    The    contracts 
entered  into  by  the  Town  Council  in  connection  with  this 
station  are  as   follows:    Mr.  J.  T.  Chappell,  generating 
station,  £3,989 ;  Messrs.  Yates  and  Thorn,  three  Lancashire 
boilers,  £2,294  ;  Sharp  and  Eent^  steam  dynamos,  pumps, 
etc.,  £7,027;  ditto,  electrical  instruments,  £1,140;   The 
Electrical    Construction    Corporation,  two    seta     storage 
batteries,  £2,700;    Callender's  Bitumen  Telegraph    and 
Waterproof  Company,  cables,  leads,  and  wires,  £9,300; 
ditto,  street  and  other  boxes,  instruments,  etc.,  £437.    It 
is  not  proposed  to  use  the  light  for  street  purposes  or 
public  lighting  for  the  present,  but  to  supply  private  con- 
sumers only. 

Alnminliim  Produotion. — Among  the  works  visited 
by  the  members  of  the  Iron  and  Steel  Institute  during  their 
American  tour  were  those  of  the  Pittsburgh  Reduction 
Company,  of  which  the  Iron  and  Coal  Trades  Itevieufs 
correspondent  says:  The  object  hero  is  to  make  pure 
aluminium  by  means  of  electrolysis.  The  plant  of  tbe 
company  consists  of  three  Westinghouse  engines,  of  the 
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united  power  oi  525  horses,  with  boilers  to  suit ;  also  two 
100-ampere  25-yoIt  Westinghouse  dynamos,  and  two 
dynamos  of  2,500  amperes  and  50  volts  each.  The  company 
manufacture  under  the  patents  of  Mr.  G.  M.  Hall  for  effect- 
ing the  continuous  electrolytic  reduction  of  the  oxide  of 
aluminium.  This  is  done  in  wrought-iron  tanks  lined  with 
carbon.  A  number  of  carbon  anodes  are  inserted  vertically 
into  these  tanks,  and  connected  with  the  dynamos,  the 
baths  themselves  acting  as  cathodes.  The  contents  of  the 
baths  consist  of  aluminium  oxide,  together  with  certain 
fluxing  material  in  a  molten  state,  the  electric  current  main- 
taining the  heat  and  effecting  the  reduction.  Fresh  oxide 
is  added  at  intervals  to  the  baths,  and  the  metallic 
aluminium,  being  of  greater  specific  gravity  than  the  slag, 
sinks  to  the  bottom  as  faat  as  it  is  reduced,  and  is  ladled 
out  from  time  to  time.  It  is  then  re-melted  in  crucibles  for 
purposes  of  purification,  and  cast  into  ingots.  The  present 
capacity  of  the  works  is  3751b.  per  day. 

BmsjBMlB  CoBUservatoire. — ^We  alluded  to  !;he  lighting 
of  part  of  this  building  by  means  of  a  primary  battery  not 
long  ago.  A  Belgian  paper  now  says  that  the  name  of  the 
inventors  is  MM.  Buffet  and  Duvivier,  and  that  the  bye- 
products  are  so  valuable  as  to  pay  for  the  light.  The  battery 
charges  accumulators  which  feed  the  lights.  Our  contem- 
porary contents  itself  with  descanting  on  the  youth  of  the 
inventors  (not  always  a  recommendation),  and  the  won 
derful  things  the  battery  will  accomplish  if  that  which  is 
promised  of  it  is  realised.  From  another  source  we  gather  that 
Messrs.  B6de  and  Lucien  have  reported  on  the  battery,  and 
that  it  resembles  a  Bunsen  cell  in  some  respects.  It  con- 
sists of  a  glass  jar,  a  carbon  plate,  and  a  porous  jar  and 
zinc  plate.  The  zinc  is  immersed  in  pure  water,  contained 
in  the  porous  jar,  and  the  carbon  in  a  solution  of  nitrate  of 
Boda,  with  a  little  sulphuric  acid  added.  This  mixture  is 
decomposed  when  the  plates  are  connected.  The  nitric 
acid  is  set  at  liberty  little  by  little,  and  burns  up  the 
hydrogen  set  free  at  the  zinc,  whilst  the  oxygen  liberated 
combines  with  the  metal  to  form  oxide  of  zinc  On  open 
circuit  the  battery  is  almost  inactive,  and  only  gives  off  a  small 
amount  of  nitrous  gas.  The  bye  products,  oxide  of  zinc  and 
salts  of  soda  and  zinc,  are  in  part  recovered ;  the  remainder 
can  be  used  as  a  fertiliser  by  adding  phosphate  of  lime. 
The  report  states  that  the  battery  will  work  for  120  con- 
secutive hours  with  the  same  charge,  and  that  the  actual 
consumption  of  zinc  is  found  to  be  fairly  in  accordance 
with  the  theoretical  value.  It  is  slated  that  the  inventor 
will  show  his  battery  at  work  in  Paris.  The  details  are 
too  meagre  to  afford  any  information  of  value,  and  they 
have  a  striking  family  resemblance  to  former  attempts  in 
the  by-product  direction. 

Bmaaels. — The  Tudor  Company  have  erected  a  station 
at  the  Passage  du  Nord,  Brussels.  There  are  two  con- 
densing engines  (Rider-BoUinck  make)  of  50h.p.each,and  two 
Mattot  boilers,  one  having  55  metres,  the  other  85  metres 
of  heating  surface  specially  constructed  for  fitting  up  in  a 
narrow  space.  Two  Thomson-Houston  dynamos  of  16,800 
watts  each  (140  volts  at  120  amperes)  and  one  Siemens 
dynamo  of  40,000  watts  (140  volts  and  290  amperes)  form 
the  generating  machinery.  The  shafting  is  so  arranged  that 
either  engine  can  drive  either  of  the  dynamos.  The  foun- 
dations are  specially  constructed  to  avoid  vibration.  The 
accumulator-room  is  above  the  engine-room  ]  there  are  264 
cells  grouped  in  four  parallel  series  of  66.  The  plates  are 
550  by  420,  and  each  cell  weighs  230  kilog.  The  available 
capacity  of  the  battery  is  756  amperes,  the  charging  cur- 


rent is  95  amperes,  and  the  discharge  126  amperes.  When 
in  full  work  the  station  will  feed  2,000  16-c.p.  lamps. 
Metallic  returns  are  used.  The  overhead  circuit  is 
with      phosphor      bronze      wires      (^/io)«      T^^ 


run 


wires  are  insulated  by  order  of  the  authorities.  The 
personnel  of  the  station  includes  an  electrical  engineer,  a 
mechanic,  and  a  stoker.  An  optical  and  acoustic  signal  is 
provided  to  warn  the  electrical  engineer  when  the  pressure 
in  the  circuit  varies  by  one  volt.  The  Caf6  M6tropole  is 
the  chief  consumer  up  to  the  present,  with  600  lamps. 
The  firm  of  Cartaut  takes  400  lamps.  The  station  has 
already  a  guaranteed  minimum  consumption  for  the  next 
10  years,  which  means  35,000f.  in  receipts  per  annum. 
The  installation  was  carried  out  by  M.  Yandewiele,  engi- 
neer, under  the  direction  of  M.  H.  Dratz,  formerly  managing 
director  of  the  Tudor  Company,  and  now  manafi;er  of  the 
Lamp  Manufacturing  Company  at  Schaerbeck. 

Resistanoe  of  Metals. — In  a  note  to  the  Academy 
of  Sciences,  Mr.  H.  Le  Chatelier  says :  "  When  silver  is 
heated  in  oxygen  its  resistance  curve  remains  perfectly 
rectilinear,  its  mechanical  properties  are  not  modified,  and 
its  melting  point  is  found  to  be  945deg.,  which  is  practi- 
cally identical  with  the  954deg.  given  by  M.  Violle.  When 
heated  in  hydrogen,  however,  all  its  properties  are  modified 
when  650deg.  is  passed.  Its  electrical  resistances  increases 
more  rapidly  than  in  oxygen ;  the  metal,  after  being 
cooled, is  very  fragile,  and  wires  of  *25  mm.  diameter  cannot 
be  bent  without  breaking;  finally,  the  melting  point  is 
lowered  to  915deg.  These  facts  point  to  the  absorption  of 
hydrogen  by  silver  at  red  heat.  I  am  certain  that  the 
quantity  of  hydrogen  absorbed  is  not  sufficient  to  form  a 
definite  combination,  and  that  the  metal  does  not  after 
cooling  retain  any  appreciable  quantity.  A  large  number 
of  metals,  like  iron,  present  rapid  molecular  transforma- 
tions, which  are  produced  at  well-defined  temperatures. 
Electrical  resistances  show  at  these  temperatures  sharp 
variations  in  their  law  oi  increase.  But  the  absolute  value 
undergoes  no  change  in  passing  a  point  of  transformation 
when  it  occurs  at  the  melting  points.  Curves  are  given 
showing  these  phenomena,  the  clearest  of  which  was 
observed  with  an  alloy  of  Cu  =  70,  Ni  =  18,  and  Pe  =  ll. 
The  temperatures  of  molecular  transformations  found  were 
for  Zn  360deg.,  brass  (38  per  cent,  of  Zn)  720deg.,  alloy  of 
Cu,  Fe,  Ni,  690deg.  With  brass  the  transformation  is 
accompanied  by  a  considerable  absorption  of  latent  heat. 
Some  alloys  show  progressive  molecular  transformations 
which  resemble  those  observed  in  the  chemical  equilibrium 
of  salt  solutions,  such  as  chromic  salts,  chloride  of  copper, 
etc.  Such  is  the  case  with  slightly  silicious  bronze  alumi- 
nium, the  transformation  of  which  occurs  between  550deg. 
and  650deg.  The  metal  should  be  tempered  at  a  temperar 
ture  above  the  latter  figure.  But  this  peculiarity  is 
especially  shown  to  a  high  degree  in  Grennan  silver,  and  the 
alloys  of  copper  and  nickel.  When  the  alloys  are  heated 
their  resistance  decreases  considerably — from  300de6;.  to 
500deg.  To  observe  this  phenomenon,  it  is  absolutely 
necessary  to  use  a  metal  that  has  been  annealed,  and  cooled 
again  very  slowly.  The  temper  of  the  German  silver  can 
only  be  more  or  less  completely  avoided,  by  allowing  it 
some  hours  to  clear  the  interval  of  temperature  from 
500deg.  to  300deg.  Iron,  nickel,  and  their  alloys  show,  at 
temperatures  above  that  of  transformation,  a  law  for  the 
variation  of  their  electrical  resistance  which  is  analogous 
to  that  of  platinum  and  its  alloys.  At  lower  temperatures, 
on  the  contrary,  the  law  of  variation  is  infinitely  more 
rapid." 
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GENERAL  INSTRUCTIONS  FOR  OVERHEAD  LINE 
CONSTRUCTION  FOR  ELECTRIC  RAILWAYS. 


The  large  amount  of  overhead  railway  work  now  in 
course  of  construction,  and  the  large  number  of  roads  which 
will  undoubtedly  be  constructed  in  the  future,  makes  it 
desirable  to  have  some  clearly-defined  rules  for  the  con- 
struction of  oTerhead  work,  as  well  as  that  relating  to  the 
pround  conductor.  Our  readers  will  therefore  be  interested 
m  the  admirable  general  instructions  relating  to  this  part 
of  railway  work,  which  have  been  issued  by  the  Westing 
house  Electric  and  Manufacturing  Company,  and  which,  if 
carried  out  faithfully,  cannot  fail  to  result  in  a  substantial 
and  lasting  conductor  system,  with  the  least  possible  annoy- 
ance to  the  public. 

Franchises^  Permits^  Etc. — The  owners  of  the  railway 
must  secure  all  necessary  franchises  and  permits  from 
public  authorities,  or  private  individuals,  for  properly 
carrying  on  the  work  of  construction,  including  permission 
to  set  poles  in  the  most  advantageous  positions,  and  to  run 
guys  where  necessary.  They  shall  also  do  all  necessary 
removal  or  trimming  of  trees,  and  shall  be  responsible  for 
all  necessary  removal  of  existing  wires  or  poles  or  other 
impediments. 

CorUractors. — ^The  contractors  shall  comply  strictly  with 
the  local  laws  governing  their  work,  and  are  responsible  for 
all  unlawful  damage  done  by  their  employes  in  the  progress 
of  their  work.  They  are  required  to  do  all  the  carting  and 
storing  of  material,  to  furnish  all  horses,  waggons,  men, 
and  material  for  carrying  on  work. 

Completion  of  ^(?7^.— Each  branch  of  the  work  must  be 
pushed  rapidly  to  completion  as  taken  up,  all  resodding, 
paving,  etc.,  promptly  done,  and  all  debris  and  material 
removed.  All  breakdowns,  or  deteriorations  of  the  work, 
which  shall  occur  before  the  final  completion  and  acceptance 
of  the  whole,  shall  be  repaired  and  made  good  by  the  con- 
tractors at  their  own  expense. 

Inspection  and  Acceptance  of  Work. — The  electric  com- 
pany may  appoint  an  inspector,  who  shall  have  authority 
to  decide  and  direct  bow  every  branch  of  the  work 
shall  be  done  and  what  material  shall  be  used.  He  may  at 
any  time  order  such  changes  and  removals  as  he  may  see 
fit.  If  the  inspector  orders  any  work  done  or  materials 
used  which  are  not  properly  included  in  or  covered  by  the 
contract^  he  shall  give  a  written  order  to  the  contractors, 
specifying,  as  nearly  as  possible,  the  amount  of  labour  and 
material  involved.  The  inspector  will  give  a  written  accept- 
ance to  the  contractors  when  he  considers  their  work 
properly  completed. 

Track  and  Ground  Connections. 

On  all  roads  where  the  size  and  material  of  the  continuous 
ground  wire  are  not  particularly  specified.  No.  0  B.  and  S. 
galvanised  iron  wire  shall  be  used.  All  joints  in  it  shall  be 
soldered.  It  shall  be  stretched  taut,  and  secured  to  cross 
ties  or  stringers  with  galvanised  staples.  It  must  be  so 
deep  in  the  ground  that  it  cannot  be  reached  by  wheels, 
etc.  It  must  be  run  close  to  one  rail  and  connected  to  each 
rail  bond  it  passes  by  a  wrapped  soldered  joint.  Every 
150ft.  a  branch  of  No.  0  B.  and  S.  wire  shall  be  soldered  to 
the  continuous  ground  wire  and  to  a  rail  bond  on  the  other 
side  of  the  track.  Where  there  is  a  double  track,  there 
must  be  a  cross  wire  every  150ft,  which  is  soldered  to 
bonds  on  ground  wire  on  all  four  lines  of  rail,  and  is  the 
only  cross  connection  required.  It  must  be  of  No.  0  B. 
and  S.    (See  Fig.  1.) 

Between  the  ends  of  all  consecutive  rails,  of  whatever 
form,  a  rail  bond,  the  electric  company's  standard  pattern, 
shall  be  used.  This  bond  is  shown  in  Fig.  1.  The  holes  in 
brass  or  copper  block  must  be  bored  to  fit  rivet  and  wire, 
not  punched.  The  end  of  wire  must  be  put  through  block, 
and  upet  so  that  it  cannot  pull  out,  and  the  whole  bond 
must  be  covered  with  half  and  half  solder.  The  rivet  must 
be  Norway  iron,  -^in.  in  diameter,  and  of  just  sufficient 
length  to  pass  through  flange  or  web  of  rail  and  be  riveted. 

The  bedt  place  for  rivet  holes  in  different  kinds  of  rails 
depends  to  a  great  extent  on  paving  and  other  conditions. 
The  rivet  must  always  pass  through  the  rail,  and  be  upset 
into  a  counter-sinking  at  the  end  of  hole.    No  part  of  the 


bond  must  be  exposed  or  placed  in  such  a  manner  that  it 
can  be  touched  by  wheels,  or  that  the  movements  of  the 
rail  will  tend  to  break  the  wire.  The  admissible  positions 
for  rail  bond  rivets  in  girder,  T,  and  tram  rails  are  shown. 
Fig.  2.  No  rail  bond  may  be  less  than  lOin.  in  length,  and 
the  bonds  must  be  slack  when  in  place,  but  as  short  as  the 
conditions  will  permit.  Where  short  pieces  or  castings — 
such  as  switches,  frogs,  or  curve  castings — occur  in  track, 
the  pieces  must  be  connected  up  in  the  same  manner  as 
consecutive  rails,  and  each  bond  soldered  to  the  continuous 
ground  wire. 

In  steam  railway  crossings,  each  piece  of  rail  must  be 
connected  to  the  continuous  ground  wire.  Where  a  draw- 
bridge is  crossed  the  rails  on  either  side  should  be  connected 
by  a  No.  0  B.  and  S.  copper  wire,  weighted  to  the  bottom 
of  water,  with  such  connection  as  is  necessary  for  rails  on 
draw. 

Cables  or  wire  leading  from  rails  to  dynamos  must  be 
soldered  to  continuous  ground  wires  and  bonds  on  all  lines 
of  rails,  and  must  be  connected  to  the  positive  terminal  of 
dynamos.  When  ground  feeders  are  run,  they  must  be 
insulated  in  the  same  way  as  line  feeders,  but  must,  if 
possible,  not  be  run  on  the  same  line  of  poles,  and  in  no 
case  must  they  be  run  on  the  same  insulated  pole  tops. 

Poles. 

Wooden  Poles, — Must  be  30ft.  long,  and  for  use  on 
straight  lines  must  not  be  less  than  Tin.  or  more  than  bio. 
in  diameter  at  top  when  finished,  and  they  must  not  be  leas 
than  lOin.  in  diameter  5ft  from  the  butt  They  must  be 
of  sound  chestnut,  cedar,  or  Georgia  pine,  may  be  sawed  or 
natural  round,  but  in  both  cases  must  be  dressed  smooth 
and  coned  at  top,  cones  having  two  coats  of  paint 

Poles  for  Comers, — At  curves  and  for  the  ends  of  line, 
or  which  in  any  way  bear  part  of  the  pull  of  the  trolley  or 
feed  wires,  must  be  not  less  than  Sin.  in  diameter  at  top, 
and  not  less  than  12in.  at  a  point  5ft  from  the  butt  Ail 
poles  must  be  straight  and  uniform,  and  free  from  shakes, 
checks,  or  large  knots. 

Iron  or  Steel  Poles, — Of  whatever  form  shall  be  of  a 
strength  and  stiffness  at  least  equal  to  the  wooden  poles 
specified.  A  pole  made  of  three  sections  of  extra  heavy 
pipe,  top  section  3in.  pipe  5ft.  long ;  middle  section  4in. 
pipe  6ft  long,  and  bottom  5in.  pipe  16ft  long  (these 
lengths  do  not  include  the  lap  in  joints),  is  sufficient  for 
light  work.  All  joints  must  be  made  perfectly  rigid  and 
as  strong  as  the  adjoining  pipe,  with  proper  provisions 
against  telescoping. 

All  iron  poles  must  have  a  thoroughlv  insulated  iron  top 
to  which  wires  are  secured.  This  should  be  mounted  in  a 
hardwood  plug  in  pole  top  boiled  in  paraffin.  The  top 
must  protect  the  plug  entirely  from  water ;  it  must  have  a 
deep  petticoat  extending  at  least  lin.  below  pole  top,  and 
standing  at  least  lin.  clear  of  it  on  all  sides.  This  top  must 
be  fitted  with  fixtures  for  securing  span  wires  and  insulators 
for  feed  wires,  etc. 

Fur  Curves, — Angles  of  feed  wire,  and  ends  of  line,  etc., 
extra  strong  poles  must  be  used.  There  is  nothing  in  the 
work  of  building  a  line  so  essential  to  its  durability  and 
good  working  as  is  the  perfect  rigidity  of  comer  poles.  The 
top  section  of  curve  poles  should  in  no  case  be  less  than 
5in.  extra  heavy  pipe,  and,  of  course,  special  insulated  tops 
must  be  provided  for  them.  Corner  poles  must  be  fitted 
with  strong  eye-bolts  below  the  wooden  plug  for  fastening 
guys. 

Pde  Setting, — All  poles  on  straight  line  work  shall  be 
set  6ft  in  the  ground.  Large  stones  shall  be  tamped  hard 
against  butt  of  pole  on  side  away  from  rails.  Where  prac- 
ticable, pole  should  bear  at  surface  of  ground  against  kerb- 
stone, or  have  the  space  between  it  and  kerbstone  filled  by 
another  stone  or  stones.  Where  there  is  no  kerbstone,  a 
timber,  not  less  than  4in  by  Sin.  and  3ft  long,  shall  be 
laid  against  the  rail  side  of  pole,  6in.  below  the  surface  of 
the  ground.  A  large  stone,  at  least  2Ft  long  and  1ft.  wide, 
should  be  used  in  place  of  timber  when  practicable.  Ail 
poles  shall  be  tamped  solidly.     (Fig.  3.) 

In  setting  iron  poles,  good  cement  concrete  must  be  used. 
The  quality  of  the  concrete  should  in  all  cases  be  good  at 
the  top  and  bottom  of  holes,  and  large  stone  may  be 
used  at  these  points  to  advantage.    The  hole  in  which  an 
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iroa  pole  is  set  should  bo  at  least  20iD.  Id  diameter,  and 
filled  with  concrete,  which  should  be  nvan  ample  time  to 
set  before  any  strain  is  put  on  it.  Poles  of  wood  or  iron 
for  straight  line  work  should  have  about  3  per  cent  of  rake 
sway  from  street,  Fig.  3.  Wherever  possible,  the  line  of 
the  tope  of  polee  should  be  at  a  uniform  height  from  rails, 
and  the  ground  around  poles  should  be  graded  to  give  the 
pole  the  proper  depth  oi  setting. 


ijj  i  1 1  rt. 


Fio.  I.— Method  of  ConDeotiaKGnnnd  Wire,  Smgle  and  Doable 

Poles  which  sa[^rt  part  of  the  sixain  of  cnrres  or  bends 
of  trolley  or  feed  wires  must  in  all  cases  where  it  is  possible 
be  thoroughly  head  guyed.  When  this  can  be  properly 
done  no  extra  precautions  need  be  taken  in  setting,  and 
poles  should  be  set  nearly  vertical.  The  same  applies  to 
poles  which  support  enda  of  lines. 

Guy  stubs  must  be  anchored  5ft,  in  ground,  and  their 
tope  must  be  6ft  sbove  ground ;  the  stubs  must  be  at  least 
Sin.  in  diameter,  and  must  rake  well  towards  pole  top  or 
point  directly  towards  it  Guys  must  make  no  metallic 
contact  with  insulated  pole  tops,  or  with  any  other  wires 
which  lead  from  the  pole.     Guys  must  be  made  of  twisted 


Fio.  £— Method  of  Canneotlng  Oronnd  Wire  to  &aU. 

(doubled)  No.  6  inlvanised  wire,  or  something  equally 
strong  or  durable.  Fig.  i.  When  guys  cannot  be  used  on 
the  poles  above-mentioned,  they  must  be  set  7ft  deep  in  a 
bole  30in.  in  diameter,  and  built  in  solid  with  stone  and 
concrete.  Poles  shall  not  be  more  than  12Sft  apart,  except 
where  a  greater  distance  is  unavoidable. 

In  all  cases  where  the  character  of  the  soil  or  the  nature 
of  the  strains  make  the  ordinary  method  of  setting  poles 
inadequate,  procautioos  must  be  taken  to  make  poles 
safficiently  firm,  and  whenever  poles  vield  under  the  strain 
put  upon  them,  the  electric  company  s  inimector  may  have 
them  reset  at  the  contractor's  expense.  This  may  also  be 
done  when  poles  are  displaced  by  undue  strains  imposed  by 
contractors  in  building  fine,  et£. 

When  the  poles  are  not  set  by  contractors  who  put  up 
the  wires,  the  latter  must  assume  responsibility  for  the 
rigidity  of  curve  and  terminal  poles,  and  their  work  can  in 
no  case  be  made  acceptable  unless  these  poles  are  thoroughly 
strong  and  finn  or  properly  guyed. 


FlKTDBM. 
All  insulator  pins  and  pin  brackets  shall  be  oS  the  beet  oak 
OF  locust     Pin  orackets  shall  be  secured  to  pole  with  one 
Sin.  and  one  7in.  lag  screw. 


Fio.  3.— Method  of  Planting  Wood  Poleand  Iron  Pole. 

Crosi  Armt. — Shall  be  of  the  beet  pine,  3}in.  by  ^io., 
painted  with  two  coata  Indian  red.  They  must  be  sacured 
in  perfectly  fitted  gains  with  two  7in.  lag  screws.  Insu- 
lators must  be  extra  heavy,  such  as  are  made  for  the  largest 


Fio.  4.  — Ony  Stab  aud  Ontrl^er, 


sisei  of  wire.  Where  sharp  turns  are  made  vrith  heavy 
wires,  two  or  four  cross  arms  must  be  used,  and,  where 
necessary,  iron  pins  and  large  paraffined  wooden  insulators 
may  be  used. 

(To  U  confymi.) 


LONDON  GHAHBEB  OF  COMMEBCE. 

It  is  well  known  that  the  Electrical  Section  is  discussing 
a  scheme  for  obtaining  information,  and  the  following  letter 
has  been  circulated.  The  tables  on  next  page  give  an  idea 
of  the  kind  of  information  wanted  : 

To  the  Sooretaty  or  General  Manager Lighting 

Company. 

Dear  Sir, — We  ahall  be  glad  if  you  will  bring  before  your 
board  of  direoton,  or  board  of  maosgement  (as  the  case  may 
be),  the  following  matter. 

A  ^raat  many  English  eleotcioal  engineers  belfeve  t4(at  the 
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TABLE  L— EjrnoisNOT  at  Vabtinq  Load  Faotobs. 


Evaporative  Duty  of  Boilers  in  lbs.  of  water  per  lb.  of  fuel. 
Duty  of  Engines  in  lbs.  of  steam  per  Indicated  H.P.  per  hour. 


Steam  Engine  Efficiency      or 


Dynamo  Efficiency 


or 


Total  Qenerating  Efficiency  or 


Distribution  Efficiency         or 


Brake  H.P. 
Lidicated  H.P. 

Electrical  H.P.  at  Terminals. 
Brake  H.P.  of  Engine. 

Electrical  H.P.  of  Dynamo. 
Indicated  H.P.  of  Engines. 

Electrical  H.P.  delivered  to  users. 


B.     C. 


D. 


Total  Efficiency 


Electrical  H.P.  at  Terminals. 


Electrical  H.P.  delivered  to  users. 


or 


Indicated  H.P.  of  Engines. 


Load  Factor, 


100 


A.  The  fieures  for  this  column  are  those  that 
have  been  obtained  by  actual  test  at  trial  runs 
at  full  power  a  sufficient  number  of  hours  to  show 
that  same  results  could  be  obtained  from  plant 
if  run  continuously  the  year  round  at  full  power. 
The  25  per  cent,  reserve  plant  being  considered 
sufficient  to  allow  every  part  of  pliAt  to  be  re- 
paired and  kept  in  thorough  oraer.  As  such  a 
condition  has  never  yet  been  obtained  in  practice, 
of  course  aU  figures  must  be  calculated. 

B.  Figures  from  12  months*  continuous  work- 
ing taken  from  the  monthly  or  annual  account 
of  coal,  water,  and  other  materials  used. 

C.  These  figures  to  be  same  as  B,  but  for  one 
month  of  heaviest  load. 

D.  Same,  for  one  month  of  lightest  load. 

By  Load  Factor  is  meant  the  relation  which 
the  actual  output  delivered  to  users  bears  to  the 
actuiJ  output  if  plant  were  worked  oonUnuously 
throughout  the  year  at  its  highest  observed 
power,  the  factor  for  column  A  being  100. 

For  Baxmiple, — If  the  plant;  after  allowing  25 
per  cent,  for  extra  or  reserve  machinery,  is  capa- 
ble of  delivering  eledbrical  energy  to  the  consu- 
mer at  the  rate  of  133  electrical  h.  p. — that  is,  100 
units  per  hour,  or  8,700  hours  x  100 =876,000 units 
per  annum.  Then  if  the  actual  demand  reached 
this  figure  the  load  factor  for  columns  B  and  A 
would  be  100.  But  if  the  annual  demand  were 
96,000  units,  of  which  12,000  were  for  December 
and  4,000  for  July,  the  load  factors  for  B,  C,  D 
would  be  II,  16'4,  and  6*5  respectively. 


TABLE  H— CosTB. 


B. 


Per  Ind. 
H.P. 


Fuel  

Water   

Petty  stores » 

Repairs  and  renewals  of  generating  plant  (inside) 

Engine-room  wages  

Superintendence 

Total  cost  of  generatinff  the  enei|^ 

Repairs  and  renewals  of  distributmg  plant 

Wages  outside  generating  station 

Superintendence  ditto 

Total  cost  of  distribution 

Total  cost  of  producii^  and  distributing  the  energy 


Per  Unit  Per 
Qenert'd 


UnitlPer  Ind. 
H.P. 


Sold 


C. 


Per  Unit  Per 
Qenert'd 


UnitlPer  Ind.  |Per  UnitlPsr  Unit 

Sold. 


SokL 


D. 


H.P. 


Qenert'd 


The  columns  B,  C,  D  correspond  to  similar  columns  in  Table  I.,  that  is  to  say,  the  costs  there  recorded  are  to  be  annual,  best  and 
worst  month  respectively,  in  all  cases  to  be  from  actual  accounts,  without  deductions  or  allowances.  In  order  to  bring  repairs  and 
renewal  of  plant  to  a  common  basis  of  calculation,  it  is  requested  that  the  annual  sums  to  be  divided  into  the  units,  be  taken  at  the 
following  percentages  on  original  cost  of  plant : 

2i  per  cent,  on  buildings,  brickwork,  and  masonry. 

5  iper  cent,  on  boilers,  pipes,  engines,  dynamos,  switchboards,  and  all  cables,  or  other  conductors  covered  with  oontlBnous 

msulation. 
1  per  cent,  on  bare  conductors  insulated  by  means  of  glass,  porcelain,  or  other  such  like  imperishable  materials. 
15  per  cent,  on  accumulators  and  transformers. 
SuperirUetui&fiee, — The  wages  of  same  to  be  divided  between  costs  of  generating  and  distributing,  according  to  time  occupied  by  each. 


progress  of  the  industry  would  be  more  rapid  if  there  were, 
among  the  electrical  engineers  of  all  countries,  a  fuller  inter- 
change of  ideas,  and  a  freer  publication  of  the  data  which  are 
obtained  in  the  practical  working  out  of  many  of  the  great 
electrical  problems  which  every  day  present  themselves  to  us. 

It  has  been  proposed  at  a  meeting  of  the  Electrical  Section  of 
the  London  Chamber  of  Commerce,  that  steps  should  be  taken 
to  ascertain  whether  it  is  not  possible  to  obtain  mutual  benefit 
from  publication  and  circulation  of  a  quarterly  report  compiled 
from  data  furnished  not  only  from  the  various  electrical  manu- 
facturers and  electrical  supply  companies  in  the  United  King- 
dom, but  from  those  of  the  whole  world,  so  far  as  it  is  possible 
to  obtain  them.  .  In  order  to  carry  this  out,  it  is  thought  that  a 
start  should  be  made  in  London  by  the  Electrical  Section  of  the 
London  Chamber  of  Commerce,  who  would  seek  to  add  to  their 
members  as  many  foreign  corresponding  members  as  possible. 

W^ith  this  end  in  view,  I  beg  to  ask  you  whether  your  com- 
pany would  become  members  of  such  an  international  society. 
The  terms  of  membership  would  be  : 

(1)  A  small  subscription  to  meet  the  cost  of  printing,  postage, 
etc. 

(2)  The  members  would  be  required  to  communicate  to  the 
head  offices  in  London,  from  time  to  time,  a  correspondence 
letter  giving  in  general  terms  the  progress  of  the  industry. 

(3)  The  members  would  be  required  to  fill  in,  as  far  as  they 
could  do  80  without  injury  to  tbemflelveot  on  forms  which  should 


be  from  time  to  time  furnished  to  them,  the  cost  of  production 
of  electrical  energy  for  lighting  and  power  in  a  tabulated  form 
under  the  various  headings  of  material,  labour,  superintendence, 
wear  and  tear,  renewals,  and  the  other  charges  which  go  to 
make  up  the  cost  of  production.  In  return  for  this  they  would 
each  receive  a  copy  of  the  quarterly  report,  in  which  would  be 
added  the  whole  of  these  correspondence  letters  and  the  whole 
of  the  tabulated  data. 

We  may  add  that  the  great  steel  industry  of  England  and 
America  and  on  the  Continent  was  very  greatly  benefited  by  a 
similar  course  in  the  early  days  of  the  Iron  and  Steel  Institute, 
who  took  great  pains  to  tabulate  the  results  of  blast  furnaces, 
Bessemer  converters,  and  such  kinds  of  apparatus,  and  there  is 
no  doubt  that  enormous  benefits  accrued  to  that  industry  from 
the  study  and  comparison  uf  the  data  obtained  and  circulated 
by  means  of  the  journal  of  the  Iron  and  Steel  Institute. 


LEEDS  TRAHWAYS. 


PROPOSED  ELECTRIC   CARS   FOR  THE  ROUNDHAY 

PARK  ROUTE. 

At  the  meeting  of  the  Leeds  Town  Council  on  Monday  last 
Alderman  Firth  moved  that  the  Council  approve  of  the  pro- 
posed arrangement  with  the  Thomsou-Houstoa  International 
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Electric  Company  for  the  working  by  the  company,  with  their 
^stem  of  electricity,  of  the  tramway  from  Sheepscar  to  Bound- 
hay  Park,  subject  to  the  termsand  conditions  nowsubmitted  to  the 
Council.  He  said  it  would  be  familiar  in  the  minds  of  most  members 
of  the  Corporation  that  the  Highways  Committee  had  come  to 
some  understanding  with  the  present  tramways  company,  and 
that  the  moment  that  this  matter  was  about  to  be  introduced 
to  the  Council  a  letter  was  read  from  a  firm  of  solicitors  in  the 
town  calling  the  attention  of  the  Council  to  the  fact  that  if  the 
whole  system  of  tramways  were  thrown  open  to  public  competi- 
tion a  larger  price  could  be  obtained.     The  matter  was  sent 
back  to  the  Highways  Committee,  and  they  had  gone  carefully 
into  the  question.     An  application   came  before  them  from 
the   Thomson-Houston    Electric    Company  for    the  privilege 
of    tiying    their    system    upon    the    Roundhay>roaa   length 
of  line.     The  proposition  arose  from  the  company  themselves, 
and  it  was  not  sought,   so  far  as  the  Highways  Committee 
were  concerned.     It  was  necessaiy  that  the  Council  should  be 
clear  that  the  Highways  Committee,  in  bringing  this  offer  before 
the  Council,  did  not  mean  it  to  be  understood  for  one  moment 
that  that  oommittee  had  considered  the  general  question  of 
working  tramways  by  electricity,  nor  whether  this  particular 
company's  system  was  to  be  preferred  to  all  others.     By  the 
action  of  the  Council  themselves  the  Highways  Committee  had 
the  Boundhay-road  tramway  on  its  hands  untU  AuG;ust,  1892. 
The  offer  now  before  the  Council  was  brought  by  the  committee 
as  one  which,  if  adopted,  would  fill  up  a  gap  in  the  public  re- 
quirements for  the  next  two  years,  and  would  be  a  cheap  though 
valuable  experience  for  the  Council  and  the  public.     The  com- 
pany were,  at  their  own  cost,  to  equip  the  line  with  cars  and 
with  all  the  rolling-stock  ;  they  were  to  find  the  means  of  gene- 
rating their  electricity  at  their  own  cost  and  at  stations  to  be 
provided  by  themselves.     So  far  as  the  Council  was  concerned 
they  were  expected  to  find  the  company  a  shed  wherein  to  store 
their  caxs,  and  a  small  workshop,  but  the  position  where  that 
shed  should  be  placed  was  to  be  determined  by  the  Council. 
They  would  find  that  when  the  agreement  expired,  that  was 
when  the  lease  of  the  present  tramway  company  expired,  the 
Thomson-Houston  Company  did  not  hold  the  Cor^ration  re- 
sponsible to  take  over  tneir  plant  or  their  generating  system, 
unless  electricity  aa  a  motive  power  for  the  entire  system  of 
tramways  in  Leeds  had  been  adopted.  If  no  system  of  electrical 
motive  power  was  adopted,  then  they  had  to  take  away  their 
plant  at  their  own  cost.     In  addition  to  that  they  had  to  leave 
the  streets  as  they  found  them.     He  was  not  an  electrician,  and 
therefore  he  thought  it  was  necessary  that  Mr.  Hewson,  their 
engineer,  should  prepare  a  report  in  order  to  guide  the  Corpora- 
tion to  a  proper  solution  of  the  question.  Mr.  Hewson's  report  with 
reference  to  the  Thomson-Houston  system  contained  the  follow - 
ing  :  **  This  system  has  under  the  bottom  of  the  car  an  electric 
motor  or  engine,  which,  by  passing  a   current  of  electricity 
through  it,  is  made  to  propel  the  car.    This  current  is  generated 
at  a  works  or  station,  which  may  be  placed  anywhere  within  a 
mile  or  two  from  the  tramway.     The  current  is  led  outward 
from  the  station  by  a  wire  carried  on  poles,  and  completes  its 
circuit  by  means  of  the  rails  of  the  tramway.     The  connection 
between  the  car  and  the  outward  or  pole  wire  is  made  by  a 
travelling  wire  suitably  fastened  to  the  car,  and  connected  with 
the  outward  or  pole  wire  by   a  pulley  runner.      The  poles 
canying  the  wire   will  be  placed  againat  the  kerbstones  at 
distances  of  about  40  yards  apart.     From  each  pole  a  wire  will 
extend  across  the  roadway.     To  this  cross  wire  will  be  attached 
the  outgoing  wire  conveying  the  current  from  the  central  station 
the  wh<He  length  of  the  tramway,  to  which  wire  the  pulley  runner 
before  descried  as  conveying  the  electricity  to  the  car  will  be 
fixed.     The  tension  or  pressure  of  the  electricity  used  in  this  will 
be  500  volts.     Most  of  the  distributing  wires  laid  or  now  being 
laid  in  London  are  to  work  at  a  pressure  of  2,400  volts,  and  are 
under  Gk>vemment  inspection.     All  that  will  be  required  for 
the  ii^oing  or  return  current  will  be  to  connect  the  tram  rails 
across  the  joints  with  a  copper  wire,  %nd  this  will  be  done  by 
simply  taking  out  a  paving  stone  at  each  joint,  making  the  con- 
nection, and  replacing  the  stone.     Sparking  or  firing  the  rails 
never  takes  place,  excepting  when  the  rails  are  rusty,  and  the 
traffic,  tram  or  otherwise,  is  too  great  in  Roundhay-road  for 
rusting  to  take  place.     The  consentjand  approval  of  the  Board 
of  Trade,  not  only  to  use  electricity  for  the  tramway,  but  of 
eveiy  detail  of  the  system  and  of  the  material  to  be  used,  will 
have  to  be  obtained.    The  present  tramway  would  not  have  to 
be  altered  to  suit  the  adoption  of  the  system  or  its  abolition. 
No  shocks  or  annoyance  to  passengers  will  occur,  as  when  the 
machinery  is  in  working  order  the  electric  current  is  not  only 
insulated,  but  is  cased  off ;  and  in  case  of  breakage  of  the  wire 
the  current  stops  instantly.     The  cars  will  be  made  to  carry  62 
passengers.   They  will  be  of  the  most  modem  two-floor  pattern. 
Having  to  carry  the  motor,  they  will  be  1^  tons  heavier  than 
they  would  otherwise  be.     The  motor  and  car  wiU    weigh 
together  5^  tons.     The  motor  will  be  16  h.p.     The  weight  of 
a  ateam  tram  engine  of  the  same  horse-power  is  from  10  to  12 
tons — say,  10  tons  ;  therefore  the  weight  of  a  steam  tram  engine 
and  car  will  be  14  tons,  as  compared  with  5^  tons,  the  weight 
of  an  electric  car.     This  difference  in  weight  is  much  in  favour 


of  the  electric  car,  not  only  by  reason  of  the  reduction  in  the 
cost  of  hauling,  but  in  the  greatly  decreased  wear  on  the  rails. 
The  electric  cars  can  easily  run  20  miles  an  hour  on  an  ordinary 
road,  and  eight  miles  per  hour  on  a  rising  gradient  of  1  in  13  as 
in  Cookridge-street.  In  the  case  of  an  dectric  car  having  a 
second  or  train  car  attached,  it  would  be  able  to  mount  Cook- 
ridge-street at  certainly  five  miles  per  hour.  Electric  cars  only 
occupy  half  the  space  that  steam  engines  and  cars  do,  and  they 
run  equally  well  both  ways,  and,  carrying  their  o¥m  power,  wiU 
not  involve  the  shunting'  at  the  end  of  their  journeys  that  steam 
does.  Electric  trams  are  possible  in  narrow,  crowded 
thoroughfares  where  steam  trams  would  be  impracticable.  A 
much  greater  extension  of  tramways  on  the  electric  system 
could  be  made  in  Hunslet  than  on  the  steam  system. 
The  electric  car  gives  out  neither  steam  nor  smoke  to 
annoy  the  public  or  injure  its  health,  or  to  frighten  horses." 
The  company.  Alderman  Firth  said,  referred  him  to  a  gentleman 
who  was  well  known — he  meant  Mr.  Arthur  GreenwcMod.  That 
gentleman  told  him  he  had  not  seen  the  oars  running  in 
America  himself,  but  some  of  his  friends  had,  and  they  were 
perfectly  satisfied  with  what  they  had  seen.  He  had  also 
spoken  to  Sir  James  Kitson,  who  had  just  returned  from 
America,  and  he  told  him  that  the  cars  could  mount  any  reason- 
able gradient,  but  when  riding  in  those  cars  one  felt  a  noise 
arising  from  the  machinery  working  underneath,  which  was  not 
felt  in  the  ordinary  steam  car.  Sir  James  went  on  to  say  that 
there  was  the  question  of  the  overhead  line,  and  that  was  a 
veiy  objectionable  feature.  There  was  nj  doubt  that  it  was 
objectionable,  and  the  committee  did  not  disguise  the  fact.  If 
they  had  a  choice  they  would  much  prefer  not  to  have  the 
overhead  wires  ;  but  if  the  experiment  was  to  be  tried  in  Leeds 
it  must  be  tried  somewhere,  and  if  the  worst  came  to  the  worst 
it  was  only  a  question  of  trying  it  for  two  years  at  the  outside. 
Replying  to  a  question  asked  by  Mr.  Teale,  Alderman  Firth 
said  the  building  proposed  to  be  erected  would  accommodate 
eight  cars.  It  would  be  100ft.  long  by  40ft.  wide,  and  would 
cost  £850. 

Sir  Edwin  Gaunt  seconded  the  resolution.  He  thought  the 
experiment  would  be  of  immense  value.  If  the  company  had 
not  agreed  to  pay  anything  for  the  use  of  the  line,  and  the 
expense  which  the  Corporation  would  be  put  to  had  been 
greater,  he  should  still  have  been  in  favour  of  the  resolution. 

Mr.  GoKDON  moved  that  the  question  be  referred  back  to  the 
committee.  He  did  not  do  so  in  any  hostile  spirit,  for  he 
thought  they  would  act  foolishly  if  they  did  not  allow  the 
company  to  make  a  trial.  But  there  were  one  or  two  clauses 
in  the  agreement  which.  In  his  opinion,  required  altering.  The 
proposal  that  if  the  Corporation  decided  to  carry  on  the  electric 
tramway  at  the  termination  of  the  two  years'  lease  they  should 
purchase  the  plant  at  cost  price  subject  to  a  depreciation  of  2^ 
per  cent.,  was  ridiculously  inadequate.  He  snould  have  con- 
sidered a  depreciation  of  7^  per  cent,  a  far  more  likely  figure. 

Mr.  C.  H.  Wilson  seconded  the  amendment.  Although,  he 
said,  the  town  mijght  gain  much  by  the  experiment,  it  would  be 
at  a  great  cost.  Then  he  thought  the  proposed  poles  and  wires 
would  be  ugly  and  dangerous. 

Aldennan  Scass  observed  that  many  of  his  objections  to  the 
electric  tramway  had  been  removed  by  the  speech  of  Alderman 
Firth.  He,  however,  agreed  with  Mr.  Gordon  that  a  deprecia- 
tion of  2^  per  cent,  was  too  small.  He  hoped  the  suggestion 
thrown  out  respecting  the  projected  line  down  Becket-street 
and  York-street  would  be  carried  out.  It  would  be  a  most  valu- 
able acquisition  to  the  tramway  system  of  the  town. 

Mr.  AnBLER  urged  the  members  of  the  Council  to  vote  for  the 
resolution,  so  that  they  might  have  the  line  in  working  order 
early  in  the  new  year. 

Mr.  WoKHBSLEY  and  Mr.  Teale  also  approved  of  the  scheme. 

Alderman  Firth  suggested  that,  to  meet  the  wishes  of  Mr. 
Gordon,  the  resolution  should  end  "subject  to  further  enquiry 
and  approval  by  the  Highways  Committee."  He  said  he  would 
try  to  have  the  agreement  idtered  in  accordance  with  the  sug- 
gestions which  had  been  made. 

Mr.  Gordon  thereupon  withdrew  his  amendment,  and  the 
resolution  was  carried  by  47  votes  to  six. 


ON  THE  ELECTROSTATIC  FORCE  BETWEEN  CON- 
DUCTORS CONVEYING  STEADY  OR  TRANSIENT 


CURRENTS.' 


BT  DR.  OUVER  LODGE. 


[Concluded  from  page  4^5,) 

Action  of  Moving  Charges  and  Ptdaes, 

So  far,  I  have  not  taken  into  account  the  sinuosity  of  distri- 
bution of  Leyden  jar  discharges  in  space,  nor  the  possibility  of 
pulses  passing  the  two  portions  of  the  circuit  between  which  the 
force  is  being  observed  at  different  times  or  in  different  phases.  It 
would  seem  as  if  a  small  assemblage  of  short-waved  pulses  sent 
round  a  long  circuit  might  be  prevented    from    exerting  any 

*  Paper  read  before  the  British  Association. 
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mechanical  action  on  each  other  if  the  adjacent  parts  of  the 
circuit  in  which  their  action  was  to  be  observed  were  purposely 
separated  by  an  intervenine  length  of  wires  of  many  wave-lengths 
nnsymmetrically  introduced  into  the  circuit.  But  before  com- 
mitting myself  I  should  lUce  to  make  a  few  experiments.  Never- 
theless, I  am  tempted  to  go  on  a  little  further. 

If,  instead  of  considering  pulses  rushing  along  stationary  wires, 
we  consider  charged  wires  moving  along  endways  with  the  speed 
of  light,  Mr.  Heaviside  has  attacked  the  genenil  problem  in  the 
Phil.  M(ig.  for  April,  1889.  He  there  shows  that  between  two 
planes  perpendicular  to  a  wire  thus  moving  and  moving  with  it  at 
a  distance  apart  equal  to  the  length  of  the  wire,  the  electrostatic 
intensity  is 

^      2X 

and  the  magnetic  intensity  is 

„      2\v 

where  X,  the  linear  density,  may  be  distributed  anyhow  on  the 
wire.    Outside  these  two  planes  the  force  is  zero. 

If  the  two  intensities  were  to  act,  one  on  a  stationary  charge  of 
anv  number  of  electrostatic  units,  the  other  on  a  stationary  magnetic 
pole  of  the  same  number  of  magnetic  units,  the  two  forces  would 
be  equal.  If  they  act  on  a  wire  conveying  a  steady  current,  and 
charged  up  to  a  certain  linear  density,  the  forces  will  be  equal  when 
the  statistical  measure  of  density  is  equal  to  the  magnetic  measure 
of  current— t.e.,  when  C=i;  7 ;  ror  then 

E  X  »:  H  M  C. 

Lastly,  if  the  two  forces  due  to  one  bit  of  charged  wire,  moving 
in  its  own  line  with  the  speed  of  light,  act  on  another  similarly 
moving  piece,  the  current  equivalent  to  the  second  wire  will  to 
1;  X' ;  and  afi^n  there  will  be  an  equality  between  electrostatic  and 
electrokinetic  forces ; 


2X     V  -  2X V 


Kr 


.  X'  = 


.  fi  \'  V. 


Not  by  any  different  X,  or  by  any  rearrangement  of  X,  can  the 
balance  be  disturbed  :  only  by  a  different  v.  If  either  wire  moves 
with  velocity  Ijdss  than  that  of  light,  the  electrostatic  force  over- 

Sowers  the  other,  but  so  long  as  the  full  velocity  is  maintained  the 
ensity  on  either  wire  may  have  anv  value,  positive  or  negative, 
without  disturbing  the  balance ;  and  this  is  natural  enough,  when, 
as  here,  X  and  G  vary  together,  for  if  X  be  zero  or  negative  any- 
where, C  is  also  zero  and  negative,  and  the  balance  persists. 

Now,  proceed  to  the  case  of  alternating  pulses  traveUingTalone 
parallel  stationary  wires.  Their  speed  of  travel  is  the  speed  of 
lijght,  and  though  the  distribution  of  both  density  and  current  is 
sinuous  there  is  nothing  in  that  disturbing  to  a  bslance.  Moreover, 
BO  long  as  the  waves  are  freely  progressive,  X  and  G  still  accom- 
pany each  other  exactly,  and  nothing  but  a  bidance  will  be 
observed  in  a  closed  circuit,  however  the  phases  operating  in  the 
acting  portions  be  altered,  if  the  right  proportion  holds  between 
the  current  and  the  potential,  as  already  calculated. 

But  if  by  reflection  at  distant  unjoined  ends  of  an  open  circuit 
the  pulses  be  turned  from  progressive  into  stationary  waves,  then 
localities  can  be  found  on  the  wires  at  which  attraction  or  repul- 
sion permanently  occurs  ;  for  X  and  G  are  no  longer  companions, 
the  sinuous  distribution  of  current  lags  a  quarter  period  behind 
the  sinuous  distribution  of  charge.  Hence  at  a  given  instant 
there  will  be  places  where  the  current  force  is  a  maximum  and 
the  static  force  zero  ;  while  at  a  quarter  wave-length  on  either  side 
the  current  force  is  zero  and  the  static  force  a  maximum.  Half- 
way between  these  places  only  will  the  two  forces  be  equal,  but 
with  alternate  agreement  and  disagreement  of  sign.  A  readjust- 
ment of  phase  oetween  the  conductors  will  now  make  idl  the 
difference;  a  shift  of  a  quarter  wave-length  changing  from 
maximum  to  zero,  and  a  shift  of  half  a  wave-length  bringing 
about  reversal  of  sign. 

According  to  all  this,  therefore  (if  it  be  correct),  it  follows  that 
the  simple  ideas  on  which  Mr.  Bojrs  set  to  work  are  right  after  all, 
and  that  he  will  detect  the  forces  in  the  way  he  expects. 

Variation  toith  Distance, 

A  few  words  as  to  the  magnitude  of  the  effect  to  be  expectod. 
Hertz  has  shown  (see  Nature,  vol.  xxxix.,  p.  404)  that  at  a 
reasonable  distance  from  a  rectilinear  oscillator,  one  or  two  wave- 
lengths being  practically  sufficient,  the  electric  force  (or  electro- 
motive intensity)  is  perpendicular  to  the  radius  vector  from  middle 
of  oscillator,  and  is  of  magnitude 


E=^^  .  sin  {q  p^pt).i^e; 


(8) 


where  p  and  $  are  the  polar  co-ordinates  of  the  ^laoe,  and  q=2  ir/X. 

Galling  the  length  of  the  oscillator  the  axis,  and  the  normal 
plane  through  its  middle  the  equator,  this  means  that  the  electric 
zorce  is  maximum  at  the  equator,  diminishes  towards  the  poles, 
and  varies  along  any  radius  with  the  inverse  distance  from  the 
centre. 

At  smaller  distances  the  law  is  not  so  simple,  but  at  any  distance 
in  the  equatorial  plane  the  electric  oscillation  is  parallel  to  the 
oscillator,  and  of  amplitude 

showing  that  close  to  the  oscillator  the  electric  force  varies  as  the 
inverse  cube  of  the  distance,  at  intermediate  distances  more 
slowly,  while  at  a  very  few  wave-lengths  (practically  one  is  suffi- 
cient) the  first  term  under  the  root  overpowers  the  others,  and  the 
ordinary  law  of  the  inverse  distance  holos  ^ood. 


To  get  an  idea  of  the  magnitude  of  this  intensity  at  any  oon- 
sideraole  distance  from  the  axis,  write  Q=:S  V,  where  Vq  is 
measured  by  the  length  of  spark  employed  at  the  oscillator,  and 

write  for  q^  its  value  — —  ;  then  the  amplitude  of  the  electric 


force  is 


or,  asL=:22/i  (  log 


E 


LS 

_SV I ,  fiK  ,  Bin  0 


( 


11 
d 


Kp.LS 
-1  j=2/bi2c,  say, 


E=- 


Vsin'tf 


2rc 


(9) 


Take  as  a  numerical  example  any  convenient  oscillator,  sav,  to 
avoid  unnecessary  repetition  of  spDcification,  the  small  oscillator 
drawn  to  scale  on  page  54  of  the  Philoaophieal  Magazine  for  Jaly, 
1889,  which  emits  waves  one  metre  long.  Let  its  constant  c= 4|, 
and  its  spark  be,  as  there  Quoted,  eight  millimetres,  so  that  Vo  is 
about  26,000  volts.  Then  tne  initial  dectric  intensity  at  a  distance 
of  a  couple  of  wave-lengths  in  the  equator  is 

^  ,  26,000  volts 

18  metres 

=  14*4  volts  per  centimetre. 

Putting,  therefore,  at  this  distance  of  two  metres  a  parallel  wire 
half  a  wave-length  long  as  receiver,  it  utilises  50  centimetres  of 
the  above  E.M.F.,  and  gives  a  maximum  sparking  poten- 
tial of  720  volts,  which  corresponds  to  a  spark-^p  of  abont 
a  tenth  of  a  milUmetre  between  flat  surfaces.  This  is  an  upper 
estimate,  because  time  for  a  quarter-period's  dissipation  shonld  be 
allowed,  the  result  being  multipliea  by  a  dissipation-factor  eacp. 

(  "■  v¥r)  '  ^^^'^  R  is  to  be  found  as  follows. 

Energy  of  BadicUion. 
The  mean  energy  of  the  radiation  per  unit  volume  is,  as  is  well 
known  (Maxwell,  art  793),  = — ;   which,  in    the   present   case, 

O    IT 

abbreviating  the  characteristic  factor,  f  log  — -  ~  I  ]  or  its  equi- 
valent to  c,  is 

^■^•- «"» 

The  energy  sent  per  second  through  the  sphere  of  radius  p  with 
velocity  **^^«" 


v  is 


f. 


2irpBia0.pd$, 


KV^sin'g 
32tp"c* 


4 
3 


16c» 


(11) 


f. 


I2fjkvc* 

And  this  is  the  rate  at  which  the  oscillator  radiates  energy  dorins 
its  activity.  Gomparing  (11)  with  (10)  we  see  that  the  eqnatoriiJ 
radiation  exceeds  the  mean  radiation  in  the  proportion  of  3 : 2. 

The  difference  of  potential,  V,  is  not  constant,  but  decreasee 
logarithmically  acooraing  to  the  law 

where  R  is  a  dissipation-coefficient  of  the  dimension  of  reeistanoe, 
and  of  value  easily  found,  thus : 
Total  energy  radiated  for  every  spark  of  the  oeoiUator  is 

•»  Vo'e    ^      _  j^SVo'.  R 
^      I2fiv(^   *-     12mvc«    ' 

which  must  also  equal  ^  S  Vo',  the  initial  energy ;  hence 

R  =  12/ivc*  =  360  c>  ohms. 

Taking  as  a  numerical  example  the  same  oscillator  as  above, 
with  e=:4i  and  V=  88  electrostatic  unite,  all  these  values  are 
easily  estimated.  For  instance,  the  mean  energy  of  the  radiation 
per  unit  volume  at  any  considerable  distance  r,  say  two  metres,  in 
the  equator,  is 

KV»         88x88      3-8        3-8 

32TC»r«'^  25x81  f^-  r>-4xlO*  °*'^®^ 

s=  95  microbarads,  at  a  distance  of  two  metres. 

This  will  cause  a  momentary  pressure  on  a  metallic  surface 
normally  exposed  to  it  of  95  microdynes  per  square  centimetre,  or 
a  miUigramme  weight  per  square  metre ;  and  is  nearly  twice  as 
strong  as  full  sunshine  while  it  lasts. 

At  one  metre  distance,  I  need  hardly  say,  the  energy  and 
pressure  are  four  times  as  great. 

The  area  of  enerc^y  absorbed  by  a  fine  wire  linear  receiver  may 
be  estimated  rouehly  by  finding  the  closeness  of  a  grid  of  parallel 
wires  which  would  just  not  let  any  radiation  pass  through  it. 
Suppose,  for  instance,  that  a  grid  with  wires  10  centimetres  apart 
satisfies  this  condition ;  then  each  wire  mops  up  enei*gy  for  a 
breadth  of  five  centimetres  on  either  sideof  itself.  Theheatgenerated 
in  such  a  wire  at  each  spark  is  ^ 


3 
2 


hi 


4irr» 


isVo« 
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This,  in  the  oamerical  cue  already  taken,  with  ~  =:  1  -4  centim. 
and  K  Vo'  =  (88)^  dynee,  gives,  at  a  distance  of  one  metre, 
^^-~  ^'T  X  (88)»  =  32-5  ergs  per  spark; 

which,  roDoated  100  times  a  second  by  a  suitable  contact-breaker, 
would  yield  3,250  ergs  per  second,  or  one  ordinary  thermal  unit 
every  di  hours. 
The  dissipation -factor,  mentioned  at  the  end  of  last  section,  is 

100 
«-l'4xl2x81* 

AUempe  at  Fwiher  Detail. 

To  work  out  more  completely  what  happens  when  one  oscillator 
is  used  to  excite  another  arranged  parallel  to  it  at  an  equatorial 
distance,  r,  not  near  enough  to  react,  I  suppose  we  may  consider 
the  receiver  as  subjected  to  an  impressed  E.M.F.  given  by  (8),  and 
write  down  the  equation  to  its  current  x  at  any  instant. 


£+2KX  +  n^x  =  ?lZ2e-i»e  sin(gr-pO 

2rc 


(12) 


the  solution  of  which  is  given  (for  instance)  in  Lord  Rayleigh's 
"  Sound,"  voL  i„  p.  62. 

The  heating  of  the  receiver  at  each  spark  will 


Ul  be  r  R' 


o^dL 


If  there  be  two  such  receivers,  far  enough  off  each  other  not  to 
encroach  on  each  other's  field,  the  current  attraction  between 

them  wiU  be  proportional  to  Xi  x^t  and  the  static  repulsion  to  Xi  Xy 
Galling  the  rignt-hand  side  of  the  above  equation  U,  and  writing 
n'*-«*=n',  the  complete  solution  is 


x= 


l_  r  t^-K{t-t')^  ^  j^_^,j  .V'dt' 
n  J9 

4-^.e"'^'cos(«<-7);    .    .    . 


(13) 


where  XT'  is  the  same  function  of  t'  that  U  is  of  ^  and  where 

tan7=^.  1. 
nxQ     n 

The  second  term  in  the  above,  which  expresses  free  vibrations  in 

the  receiver,  may  be  made  zero,  because  it  contains  the  initial  dis* 

turbance  of  the  receiver  as  a  factor,  and  the  first  term,  which 

expresses  forced  vibrations,  simplifies  down  to 


«+C= 


I'V, 


-mt/tdn  a 


Anrc 


(sin  a  sin  0  \ 

^^3^c6s  (gr-p«+a)-  ^^;j:^cos(gr-.p<  +  p)j 

....    (14) 

where  tan  a=  £Z^,  and  tan  fl  =  ^±!?. 

it-ffi  ic-m 

If  there  is  anything  like  agreement  between  the  natural  periods 
of  vibrator  and  resonator,  the  first  of  these  two  terms  overpowers 
the  other. 

Another  way  of  writing  the  solution  is 

* j.r«—  ''  %      sin  (S  -  a)        ^, 
'*'      Aren'      K-m     «~""  •  lin  g  »-?<+'' +ff-  (16) 

.  Appendix. 

It  is  in  accordance  with  theory  to  assert  that  the  action  of  two 
given  magnets  on  each  other  vanes  inversely  with  the  permeability 
of  the  medium ;  that  the  action  of  two  currents  on  each  other 
varies  directly  as  the  permeability  of  the  medium ;  and  that  the 
action  of  a  current  on  a  given  magnet  is  independent  of  the 
properties  of  the  medium. 

To  avoid  misunderstanding,  it  must  be  perceived  that  the  state- 
ment refers  to  a  given  magnet,  not  to  a  magnet  of  numerically 
specified  strength,  because  about  that  there  would  be  some 
ambiguity  according  to  the  medium  in  which  it  was  measured. 

Similarly,  the  static  action  between  two  charges  is  inversely  as 
the  dielecstric  constant  of  the  medium;  the  action  between  a 
given  charge  moving  at  the  approximate  light  speed  and  a  given 
magnet  is  independent  of  the  medium,  except  in  so  far  as  its  proper- 
ties affect  the  velocity  of  light ;  while  the  ovnamic  acdon  between 
two  given  charges  moving  together  at  the  light  speed  is  propor- 
tional to  the  permeability. 

It  may  be  as  well  to  have  direct  experimental  verification  for 
some  of  these  things. 


CORRESPONDENCE. 


RECKENZAUFS  IMPROVED  METER 

To  THE  Editor  of  The  Electrical  Engineer. 

Sir, — ^I  have  noticed  in  this  week's  number  a 
description  of  Reckenzaun'a  improved  meter.  It  may 
interest  this  gentleman  and  others  to  know  that  the 
fundamental  principles  involved  formed  the  subject  of  a 
patent  granted  to  Messrs.  Yarley  and  Grreenwood,  as  long 

Eas  May  12,    1882,  being  numbered   2,248.      Their 
ms,  which  are  two  in  number,  are  as  follows  : 

1.  The  improved  apparatus,  wherein  the  speed  of  the 
indicating  mechanism  is  caused  to  vary  with,  and  in  pro- 


portion to,  the  current  passing  through  the  circuit,  by 
means  of  a  roller  or  wheel  arranged  to  be  brought  into 
contact  with  different  parts  of  the  surface  of  a  disc  rotating 
at  a  uniform  speed,  as  above  set  forth. 

2.  In  the  said  apparatus,  the  employment  of  an  electro^ 
magnet,  a  solenoid,  or  other  suitable  device  for  bringing  the 
roller  or  wheel  into  contact  with  different  parts  of  the  sur- 
face of  the  disc,  substantially  as  and  for  the  purpose  set 
forth. 

One  form  of  the  Yarley  and  Greenwood  meter  had  a 
motor  which  actuated  a  clock  movement,  which  in  turn 
caused  the  disc  to  revolve  at  a  uniform  speed,  and  the  only 
weak  point  in  their  combination  was  in  the  device  for  cop» 
trolling  the  position  of  the  wheel  or  roller  on  the  face  of 
the  disc,  so  that  the  speed  of  the  same  was  proportional  to 
the  current  passing. — ^Yours,  etc.,         Francis  Teagub. 

Acme  Electric  Works,  N.W.,  Nov.  6th, 


RULE  FOR  ELECTRIC  BELL  AND  ALARM  WIRING. 

To  THE  Editor  of  the  Electrical  Engineer. 

Sir, — ^From  a  letter  in  this  week's  Electrical  Engineer  I 
see  that  your  correspondent,  W.  Perrem  Maycock,  is  under 
the  impression  that  he  is  foiming  some  new  rules  as  regards 
electric  bells  and  wiring  for  these. 

As  one  of  the  oldest  electricians  in  this  particular  branch, 
allow  me  to  state  that  I  introduced  some  25  years  ago  the 
following  "rules,"  and  which  have  since  been  strictly 
adhered  to  by  all  my  employ^  : 

A  red  wire  for  C.  pole  of  battery. 

A  blue  wire  for  Z.  pole  of  battery. 

All  red  wires  to  terminate  at  the  bottom  or  small  spring 
in  all  pushes. 

All  blue  wires  to  terminate  at  the  right-hand  terminal  of 
all  bells. 

As  for  return  or  line  wires,  no  rules  are  required,  as  a 
workman  who  knows  his  business  would  not  resort  to 
testing  to  find  in  which  direction  the  wires  are  running. 

I  may  also  state  that  I  was  the  first  one  who  introduced 
screwbacks  into  china  push  fronts ;  one  of  the  first  who 
covered  electric  bell  wires  with  indiarubber  strips,  and  used 
tinned  copper  wire  instead  of  plain  copper.  I  also  intr> 
duced  the  system  of  being  able  to  communicate  with  a 
travelling  passenger  lift  by  means  of  electric  bells  fixed  in 
the  cage. 

I  introduced  the  hotel  cab-call,  and  various  other  useful 
inventions  in  connection  with  electric  bells,  all  of  which 
may  be  seen  at  the  Langham  Hotel,  and  where  they  have 
worked  satisfactorliy  for  over  seven  years,  and  where  over 
900  bells  are  kept  in  action  by  a  set  of  eight  No.  2 
Leclanch^  batteries. 

Not  wishing  to  trespass  on  your  valuable  space,  and 
thanking  you  for  giving  publicity  to  the  above  in  your  next 
issue,  yours,  etc.,  Adam  Koerber. 

44,  Frith-street,  W.,  Nov.  8. 


LIFE  OF  GLOW  LAMPS  ON  THE  SERIES  SYSTEM. 
To  THE  Editor  of  the  Electrical  Engineer. 

Sir, — ^In  the  discussion  on  Mr.  Bernstein's  paper  on  the 
'*  Series  System,"  read  in  the  Institution  of  Electrical  Engi-^ 
neers  in  1886,  Mr.  Mordey  expressed  the  opinion  that 
lamps  on  a  circuit  of  constant  current  must  of  necessity  be 
shorter  lived  than  lamps  on  a  parallel  circuit ;  the  reason 
being  that  the  resistance  of  lamps  rises  in  course  of  time» 
If  pUced  in  parallel  they  will  then  take  less  current,  give 
less  light,  but  have  a  considerable  preservative  power. 

This  view  appears  very  plausible,  and  it  will  therefore  be 
of  interest  to  many  readers  to  hear  that  a  Bernstein  lamp, 
which  was  placed  on  a  circuit  of  constant  current  of  10 
amperes  in  Niagara  in  London,  has  been  in  use  more  than 
three  years  every  night  except  Sundays,  and  has  already 
lasted  more  than  10,000  hours.  During  the  present  year 
it  has  been  run  12  hours  daily. 

The  system  on  which  this  lamp  has  been  run  is  known 
as  the  Wood's  system  of  arc  lighting,  and  is  owned  by  the 
Fort  Wayne  Electric  Company,  of  Indiana. — ^Yours,  etc., 

Frank  Lott,  electrical  engineer  in  charge. 

Niagara  in  London,  Nov.  7,  1890. 
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INFORMATION   WANTED. 

The  action  of  the  London  Chamber  of  Commerce, 
or  the  Electrical  Section  of  it,  in  attempting  to  initiate 
some  method  of  gaining  trustworthy  data  will 
present  itself  in  different  aspects  to  different  people. 
When  the  millennium  commences,  this  scheme  may 
work,  but  till  then  it  won't.  In  the  first  place,  it 
must  be  considered  that  there  are  two  classes  of 
people — one  that  takes  all  the  information  it  can  get, 
and  never  by  any  chance  imparts  information ;  the 
other  class  gives  a  certain  amount  of  information, 
withholding  that  which  might  benefit  competitors. 
Without  attempting  at  the  present  moment  to 
discuss  the  scheme  in  its  full  bearings,  let  us  consider 
one  point.  Why  does  the  name  of,  say,  Mr. 
Mansergh  appear  so  frequently  in  the  prepara- 
tion of  sewage  schemes  ?  Why  does  the  name  of 
Mr.  Baker  appear  so  frequently  in  bridgework? 
Why  does  the  name  of  Mr.  Moulton  appear  so  fi«- 
quently  in  legal  technical  cases,  and  so  on  through 
the  whole  of  the  industries  or  the  professions?  It  is 
simply  because  the  men  who  want  a  sewage  scheme 
designed,  or  a  bridge  designed,  or  a  legal  case 
fought,  go  to  the  men  whom  they  think  have  the 
greatest  experience,  and  will  be  most  likely  to  supply 
best  just  what  is  wanted.  Of  course,  it  is  assumed 
that  money  is  no  object,  and  that  the  fees  demanded 
are  forthcoming,  otherwise  some  other  selection 
must  be  made.  Now,  if  a  man  has  by  systematic 
perseverance,  by  his  energy,  by  constant  application, 
got  to  know  somewhat  more  of  his  special  subject 
than  his  competitors,  then  that  man  can  command 
a  higher  price  and  altogether  more  lucrative  and 
easier  work  than  others.  He  is  not  going  to  put 
his  competitors  upon  an  equal  footing  with  himself 
by  "  tipping  "  them  with  notes.  If,  then,  we  enquire 
too  closely  into  Mr.  Crompton*s  scheme,  we  shall 
find  that  in  one  or  more  directions  it  is  an  endeavour 
to  put  competitors  upon  the  same  footing.  No 
competitors  ever  imagined  themselves  upon  the 
same  footing.  Each  beheves  that  he  has  speciaUties 
that  put  him  above  his  fellows,  and  that  more 
work  ought  to  come  to  him — ^his  great  difficulty 
is  in  getting  the  buying  public  to  believe  this. 
An  electrical  engineer  apphed  to  for  designs  for 
lighting  would  consult  these  statistics,  see  those 
relating  to  districts  similar  to  the  one  he  had  in 
charge,  and  make  his  plans  accordingly.  In  a  few 
cases  some  originality  would  creep  out,  but  not  often. 
The  statistics  would  say  what  boilers,  engines,  and 
djmamos  to  use,  what  method  of  distribution  to 
adopt.  A  new  dynamo  would  have  no  history,  and 
would  by  the  many  be  rejected  because  it  was  new. 
The  introduction  of  anything  new  would  be  rendered 
more  difficult  than  at  present,  for  now  men's  minds 
are  open,  and  engineers  delight  in  getting  the 
call  of  their  competitors.  There  is  a  rough  and 
ready  way  of  getting  a  pretty  good  knowledge  of 
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what  goes  on  in  company  work,  and  of  obtaining  an 
absolutely  accurate  knowledge  of  "cost."  The 
receipts  of  a  company  show  amounts  received  for 
"energy'*  supplied.  The  expenditure  shows  the 
total  cost  of  that  "energy."  It  matters  not 
whether  the  expenditure  be  in  directors'  fees  or 
stokers'  wages,  it  all  goes  to  "  cost  of  production  "  ; 
and  here  the  value  of  Mr.  Crompton's  idea,  if  com- 
pletely carried  out,  would  be  immense.  It  would 
show  shareholders  where  the  leakage  took  place. 
That  information  is  usually  not  what  directors  want 
shareholders  to  know.  But  we  shall  return  again 
to  the  subject. 


THE   HETROPOUTAN   COMPANY. 

A  fall  report  of  this  company's  meeting  will  be 
found  elsewhere.  It  is  rather  long,  and  seems  to  be 
more  a  conglomeration  of  inconsequential  fair- 
weather  statements  than  any  real  indication  of  the 
position  of  the  company.  Something  of  this  kind 
must  be  a  necessity,  for,  as  yet,  the  company  has 
been  mostly  engaged  in  spending  capital  upon  in- 
stalling central  stations  rather  than  obtaining  income 
from  working  stations.  So  far  the  installation  work 
has  progressed  favourably.  The  stations  at  White- 
hall, Sardinia-street,  Bathbone-place,  and  Man- 
chester-square are  in  full  swing.  The  immense 
development  there  is  for  the  electric  light  will  be 
realised  from  the  fact  that  at  the  time  of  the  last 
ordinary  meeting  the  company  had  58  customers, 
and  supplied  current  for  15,000  lamps,  while  at  the 
present  time  they  have  300  customers  with  40,000 
lamps,  and  contracts  in  hand  for  a  further  10,000 
lamps.  The  rapidity  of  connecting  with  the  stations 
is  shown  from  the  fact  that  in  March  3,000  lamps 
were  added  to  the  system,  in  April  3,000,  in  May 
2,000,  in  June  1,000,  in  July  7,000,  in  August  3,000, 
in  September  3,000,  and  in  October  4,000.  The 
company  intends  to  fully  develop  the  work  in  hand 
before  undertaking  extensions — first,  to  prove  the 
lighting  a  commercial  success,  and  then  come  to  the 
public  for  an  extension  of  capital.  The  public  should 
be  pleased  to  find  it,  and  will  do  so  if  the  forecast 
proves  true.  The  Whitehall  station  is  calculated  to 
supply  a  maximum  of  8,000  lamps,  it  now  supplies 
5,000 ;  Sardinia-street  can  supply  50,000,  at  present 
it  supplies  19,500 ;  Eathbone-place  is  not  finished, 
when  complete  it  will  supply  21,000  lamps ;  Man- 
chester-square supplies  11,000  lamps.  It  will  most 
likely  be  noticed  that  the  figures  given  by  the  chair- 
man do  not  agree  very  closely,  probably  some  of  the 
details  were  not  given.  Thus  we  are  told  that  the 
stations  when  fully  equipped  will  give  current  for 
114,000  lights.  The  details  previously  given  do  not 
state  the  maximum  of  Manchester-square,  but  the 
others  will  supply  a  total  of  79,000 — cleaving  a 
maximum  for  Manchester-square  of  35,000,  of  which, 
as  has  been  seen,  11,000  are  connected. 


The  statements  as  to  profits  and  probable  profits 
were  very  crude.  A  small  profit  is  got  with  30,000 
lights.  How  much  more  therefore,  intimated  the 
chairman,  when  114,000  are  connected.  Taking  the 
estimated  revenue  for  the  quarter  at  £10,000,  which 
comes  from  an  average  of  35,000  lamps  (seeing  that 
the  quarter  ended  with  40,000  lamps  connected  and 
began  with  30,000),  this  gives  a  revenue  per  lamp  of 
about  5'7  shillings,  or  about  22s.  9^.  per  lamp  per 
year,  and  each  lamp  is  according  to  these  figures 
supplied  with  about  37  units  at  7^d.  per  unit.  Now 
if  we  only  knew  the  cost  per  unit  we  should  know  the 
profit  or  approximately  so,  and  should  be  better 
able  to  judge  what  would  be  the  profit  on  114,000 
lamps.  The  balance-sheet,  when  issued,  will,  how- 
ever, give  facts  and  not  estimates. 


RAILWAY   READERS. 

The  effect  of  reading  in  railway  carriages  forms  the 
subject  of  statistics  in  French  medical  journals  and 
of  a  note  in  the  Lancet.  The  suggestion  made  by 
the  Lcmcet  is  one  that  commends  itself  to  all 
travellers,  and  especially  to  electrical  engineers.  It 
is  "  that  all  carriages  should,  as  a  general  rule,  be 
supplied  with  a  better  light.''  The  Lancet  acknow- 
ledges that  it  is  almost  useless  to  expect  traveUers 
to  stop  reading.  In  many  cases  the  exigencies  of 
business  compel  train  reading.  A  few  companies 
have,  in  a  half-hearted  manner,  acknowledged  the 
claims  of  the  travelling  public  for  more  light,  and 
have  replaced  the  antiquated  oil  lamps,  which  give  a 
sufficient  light  (where  it  is  not  wanted)  to  make 
darkness  visible,  and  a  glimmer  through  a  mass  of 
oa  flcttag  .t  the  bo.1  of  the  I^p'in  «.e  dixec 
tion  of  the  travellers — these,  we  say,  have  been  replaced, 
in  a  few  instances,  by  gas  with  little  better  results, 
for  the  pressure  is  carefully  regulated,  so  that  the 
lamp  merely  bums  feebly,  and  neither  wastes  the  gas 
nor  lights  the  carriage.  Few  and  far  between  are  the 
carriages  lighted  by  electricity,  but  these  few 
certainly  do  provide  "  more  light"  and  enable  a 
reader  to  read  in  comparative  comfort.  Managers 
of  railways  seem  to  lavish  all  their  thoughts  upon 
"long-distance  trains"  and  relegate  the  old  ram- 
shackle carriages,  dirty,  mildewed,  and  moth-eaten, 
to  the  suburban  ticket  holders.  No  doubt  there  is 
much  to  admire  in  railway  management,  but,  on  the 
other  hand,  there  is  also  much  to  grumble  at. 


LEAMINGTON. 

It  is  a  great  pity  that  the  authorities  at  Leaming- 
ton and  the  electric  light  contractors  cannot  agree. 
We  have  already  referred  to  the  photometric  tests 
made  and  reported  on  by  the  surveyor.  A  letter 
written  by  Messrs.  Chamberlain  and  Hookham  to 
the  Watch  Committee  of  the  Corporation,  and  con- 
sidered by  that  committee  last  week,  seems  to  have 
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brought  matters  to  a  crisis.  The  ability  to  write 
smart  and  pmigent  letters  is  ofttimes  a  valuable 
possession,  though  at  other  times  it  serves  only  to 
set  up  backs.  We  do  not  know  how  far  the  ex- 
change of  letters  has  tended  to  irritate  both  sides  at 
Leamington,  yet  it  does  seem  peculiar  that  from 
first  to  last  there  have  been  bickerings.  The  position 
of  matters  is  this :  The  Town  Council  instructed 
the  town  clerk  not  to  pay  the  contractors'  account. 
The  latter  now  demand  5  per  cent,  upon  the  unpaid 
account,  and  give  the  Corporation  six  months' 
notice  to  terminate  the  contract.  They  dispute  the 
accuracy  of  the  surveyor's  report  regarding  the  tests, 
and  intimate  their  intention  to  apply  for  a  pro- 
visional order.  The  Corporation  also  are  applying 
for  a  provisional  order,  so  we  have  the  unique 
phenomenon  of  a  contractor  in  possession — and  in 
possession  originally  with  the  consent  of  the  local 
authority — ^now  in  antagonism  to  that  body,  and  in 
future  to  compete  for  the  good  graces  of  the  Board 
of  Trade.  There  is  no  doubt  as  to  the  direction  in 
which  the  provisional  order  will  go,  and  if  it  does 
go  to  the  Corporation,  it  also  seems  certain  that  the 
initial  expense  of  the  contractors  must  end  in  loss, 
unless  the  undertaking  is  taken  over  by  the 
Corporation.  The  letter  sent  to  the  Watch  Com- 
mittee was  reported  to  the  Council  on  Monday  last, 
and  the  report  adopted.  Here  at  present  the  matter 
ends. 


BOMBAY. 


SCHEDULE  OF  CONDITIONS  FOR  ELECTRIC  LIGHTING. 

Tenders  are  invited  by  the  Municipal  Commissioner  for 
the  City  of  Bombay  for  lighting  by  electi*icity  the  streets 
shown  on  the  accompanying  plan  and  also  the  interior  of 
the  Arthur  Crawford  Markets  for  a  period  of  two  years. 
[We  shall  hope  to  publish  this  plan  next  week.] 

II.  Tender  must  be  submitted  subject  to  the  following 
conditions : 

(I.)  The  contractors  must  snpply  and  keep  in  repair  and 
fix  in  position  all  materials  required  for  the  contract  and 
must  submit  with  their  tender,  plans  and  drawings  of  the 
post,  standard,  or  column  which  they  propose  to  use  for  (a) 
arc  lights,  (b)  incandescent,  and  shall  state  fully  in  writing 
the  material  of  which  each  is  to  be  constructed  and  the 
mode  of  decorating  or  painting  the  same. 

(II.)  All  cables  and  wires  shall  be  underground  and 
carried  in  such  a  way  as  to  offer  no  danger  whatever  to 
the  public.  All  circuits  are  to  be  completed  by  a  return 
wire.  The  use  of  earth  will  not  be  allowed.  A  full 
description  of  the  cable  giving  particulars  as  to  nature  of 
insulator,  protection,  or  covering,  method  of  laying,  with 
sectional  drawings,  should  accompany  the  tender. 

(III.)  An  arc  light  shall  be  of  2,000  c.p.  and  shall  be 
placed  on  a  standard  at  a  level  of  not  more  than  20ft.  above 
the  surface  of  the  road. 

(lY.)  An  incandescent  light  shall  be  of  32  c.p.  and  placed 
on  a  standard  at  a  level  of  not  more  than  8tt.  6in.  above 
the  surface  of  the  road. 

(V.)  The  tender  should  state  the  class  of  circuit  by 
which  the  lighting  is  to  be  carried  out 

(VI.)  It  snould  be  clearly  stated  whether  the  system 
will  be 

(a)  High  tension  with  or  without  transformers ; 
b)  Low  tension ;  or 
(c)  What  system  it  is  proposed  to  adopt 


(Vn.)  The  Municipality  will  provide  sites  for  engine  and 
dynamo  house,  also  a  free  supply  of  water. 

(Yin.)  The  distance  between  the  incandescent  lights  is 
taken  at  140ft,  but  the  Municipal  Commissioner  will  be 
prepared  to  consider  proposals  for  placing  them  nearer  or 
more  distant  if  it  can  be  shown  that  such  a  course  would  be 
advantageous  to  the  public.  The  generating  plant  shall  be 
put  down  in  duplicate  and  so  coupled  up  that  the  least 
possible  delay  may  occur  in  starting  spare  machinery, 
whether  engine,  boiler,  or  dynamo. 

(IX.)  The  general  lighting  is  to  be  effected  by  incandes- 
cent lamps,  but  large  open  spaces,  such  as  that  around  the 
Frere  Fountain,  will  have  to  be  provided  with  arc  lights. 

(X.)  The  lighting  of  the  streets  will  be  regulated  accord- 
ing to  the  state  of  the  moon,  for  which  a  schedule  will  be 
issued  monthly,  showing  the  hours  for  lighting  and 
extinguishing,  but  the  total  number  of  hours  for  which 
such  lights  must  be  lighted  during  the  year  shall  be  deter- 
mined to  be  3,073-5. 

^XI.)  Three  incandescent  lamps  in  Church  Grate-street 
and  three  at  Apollo  Bandar  shall  be  lighted  every  night 
and  shall  be  burnt  for  not  less  than  3,869  hours  during 
the  year. 

(aII.)  The  following  is  a  list  of  the  streets  and  the  pro- 
posed number  of  incandescent  lamps  required  in  each  : 

Incandescenti 
lampflL 

1.  Arthur  Crawford  Market  to  Church  Gate- 
street 80 

2.  Church  Gate-street  to  Apollo  Bandar 70 

3.  Money  School  (Dhobi  Talao)  to  Church 
Grate-street    59 

4.  Church  Gkite-street  and  Elphinstone  Circle    32 

241 

(XIII.)  The  following  is  a  list  of  arc  lights  proposed  for 
the  undermentioned  localities,  indicated  on  the  plan  by  a 
star: 

Arc  lights. 

1.  Arthur  Crawford  Markets 16 

2.  Opposite  Arthur  Crawford  Markets 1 

3.  Opposite  Victoria  Terminus 4 

4.  Around  Frere  Fountain  2 

5.  Princeof  Wales's  Statute 1 

6.  At  Wellington  Fountain    2 

7.  Apollo  Bandar    7 

8.  Queen's  Statue    3 

9.  Money  School  (Dhobi  Talao) 2 

10.  Junction  of  Paltan  and  Hornby  roads  ...       1 

—39 

The  tender  must  be  accompanied  by  a  deposit  of  Bs.  1,000 
in  cash  or  Indian  Public  Security,  the  same  to  be  for- 
feited on  refusal  to  sign  the  contract.  A  further  payment, 
amounting  in  all  to  5  per  cent,  of  the  total  contract  amount^ 
will  be  required  should  the  Municipal  Commissioner  accept 
the  tender. 

Tenders  must  be  submitted  not  later  than  1  p.m.  on 
Monday,  the  16th  February,  1891,  addressed  to 

H.  A,  AcwoRTH,  Esq.,  C.S, 
Municipal  Commissioner  for  the  City  of  Bombay, 

Bombay,  India. 
Form  of  Tender. 

hereby  undertake  to  provide  electric  light 

for  a  period  of  two  years  at  the  positions  indicated  on  the 
accompanying  plan,  in  accordance  with  the  conditions 
included  in  the  attached  schedule  of  conditions  at  the 
following  rates : 

Per  arc  light  of  2,000  c.p.  per  3,073-5  hours 
distributed  over  a  period  of  365  days  Bs. 

Per  incandescent  lamp  of  32  c.p.  per  3,073*5 
hours  distributed  over  a  period  of  365  days...  Ba 

Per  incandescent  lamp  per  3,869  hours  distri- 
buted over  a  period  of  365  days   Bs. 

Per  arc  light  of  2,000  c.p.  for  Arthur  Craw- 
ford Market  per  year  of  1,008  hours  or  at  the 
rate  of  84  hours  per  month    Bs 

Per  arc  light  of  2,000  c.p.  for  Arthur  Craw- 
ford Markets  per  year  of  1,920  hours  or  at  the 
rate  of  160  hours  per  mondi Bs 
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The  schedule  of  oonditionB  and  tba  plan  Bbowing-  the 

positionB  of  the  lampe  h&ye  been  signed  oy in 

token  of Bcquiescence  with  the  conditions  and 

poaitioas  contained  therein. 

The  system  to  be  employed  by will  be 

The  tension  will  be The  circuit  will  be 

All  wires,  cablee,  etc,  will  be  nnderground. 

undertake  to  complete  all  the  works  required  by 

the  day  of  189  ,  and  to  have  the  whole 

installation  lighted  by day  ol 189  . 


have  this  day  deposited  as  earnest  money  with 

the  chief  accountant  of  tne  Municipality  the  sum  of  rupees 
one  thousand  in  cash,  not  to  bear  interest,*  or  the  equiva- 
lent of  rupees  one  thousand  in  public  BecuritieB,t  and 

do  hereby  agree  that  this  sum  shall  be  absolutely  forfeited 

by if,  in  the  event  of  this  tender  being  accepted, 

fail  to  deposit  a  further  sum  in  public  securities, 

making  up,  with  the  amount  alreadv  deposited,  a  sum 


contract  (calcuUt«d  on  the  basis  of tendered  rates 

for  the  number  of  lights  mentioned  in  the  said  schedule  of 
condiliona)  ai  security  money  for  the  faithful  performance 

of  the  contract,  or   fail  to  execute   the  fonnal 

contract  or  agreement  embodying  all  the  conditions  and 
terms  of  the  said  schedule  of  conditions,  and  also  any  other 
conditions  which  may  be  mutually  agreed  upon  between  the 

Municipal  Commissioner  and 

hereby  further  agree  to  pay  all  the  charges 

of  whatsoever  nature  in  connection  with  the  preparation 
and  execution  of  the  said  contract  or  agreement,  and  also 
to  pay  all  the  charges  for  the  safe  custody  and  withdrawal 
of,  and  for  the  collection  of  interest  on,  the  security  money 

deposited,  or  which  may  hereafter  be  deposited  by  , 

as  herein  above  provided,  and  that  all  such  charges  may 

be  deducted  out  of  any  moneys  payable  to under 

this  or  any  other  contract  between sel and  the 

MunicipaUty. 

have  the  honour  to  be,  Sir, 

Your  most  obedient  servant..., 
Address 


NEW  MAGNETIC  CUT-OUT. 


A  new  magnetic  cut-out  is  shown  in  the  accompanying 
illustrations.  Fig.  1  representing  the  position  of  the  parts 


when  the  circuit  is  closed,  and  Fig.  2  when  it  is  broken. 


*  TeDderers  ar«  to  strike  oat  luch  worda  as  do  not  apply. 

t  Securities   of   the   GovernmeDt   of  Iodic  and    any  securities 

Kranteed  by  lach  OoTemmeDt,  racaritiei  of  the  Bombay  Port 
Bt,  securities  issued  aoder  the  City  of  Bombay  Act,  1888,  and 
maoicipal  debeoturea  or  other  eeoitnties  of  the  Municipality  of 


The  ends  of  the  horizontal  copper  bridce  piece  shown  com 
Fig,  2.  Thus  the  contacts  are  removed  from  the  mercury 
cups  and  the  circuit  is  broken.  This  cutout  has  been 
designed  by  Mr.  Napier  Prentice,  of  Stowmarket,  Suffolk, 
plete  the  circuit  between  the  mercury  cups ;  but  when  the 
current  rises  abnormally,  the  armature  of  the  electro- 
m^net  is  attracted.  This  causes  the  cross-piece  to  move 
the  vertical  lever  into  such  a  position  that  its  weighted 
head  makes  it  suddenly  fall  over  so  that  its  tail  end  kicks 
the  bridge  and  knocks  it  over  into  the  position  shown  in 


and  is  said  not  to  be  affected  by  the  formation  of  oxide  of 
mercury. 


CROTDON  LIGHTING. 


REPORT  BY  MR.  W.  H.  PRBECB,  F.R.8. 
The  Croydon  Town  CouncU  have  decided,  on 
tion  of  their  General  Purpoeea  Committee,  and  inDuenoed  by  the 
following  reporii  from  Mr.  Preece,  to  apply  for  an  order.  Mr. 
Preeoe  recommends  the  high-pressure  Blbarnste-catTent  system, 
with  a  central  station  at  the  water  works,  and  transformer  etatiooB 
at  Upper  Norwood,  South  Norwood,  Thornton  Heath,  and  South 
Croydon.  Underground  mains  are  to  be  laid  between  the  oentral 
station  and  these  lub-Btations;  and  from  the  sub -station!  outrent 
is  to  be  distribnled  partly  DndergroDod  and  portly  overhead.    He 

K poses  to  replace  the  whole  of  the  1 ,781  gaa  lamps  by  electricity. 
Ling  tbe  population  of  the  borongh  at  IW.OOO,  tie  estimates  that 
the  CouDcil  might  oonBider  that  ultimately  30,000  lamps  would 
probably  be  installed  and  osed  in  tbe  district.  To  work  these  it 
would  be  neoessory  to  employ  a  capital  of  £ISO,000.  As  at  firat 
the  lamps  would  only  be  taken  up  slowly,  he  doee  not  think  it 
would  be  necessary  ia  coll  up  a  larger  capital  than  jE60,000  to  start 
with,  nor  that  during  the  Brat  two  years  the  Council  could  reckon 
upon  fixing  mora  than  3,400  lamps  for  pablio  lighting,  and  3,000 
lamps  for  private  lighting,  a  total  of  6,400.  Experience  in  other 
districts  has  shown,  says  Mr.  Preeoe,  that  tbe  Council  might  fairly 
estimate  a  revenue  of  24b.  Od.  per  lamp  per  onnnm  for  private 
lightiDK,  aod  as  they  are  already  paying  £6,ltJT  per  annum  for 
public  lighting,  he  believes  that  Uiey  could  regard  this  sum  in  the 
shape  of  revenue.     He  estimates  for  revenue  : 

3,000  private  lamps  (at  24b.  6d.)   £3,075 

Present  cost  of  public  lamps 6,187 

Total _ £9,862 

He  calculates  that  the  working  eipenses  would  be  18s.  per  lamp 
per  annum,  which  represenCa  for  the  6,400  lamps  a  charge  of 
£5,760.  The  Council  would  thus  have  a  balance  ot  £4,102  to  pay 
interest  ob  money  borrowed,  and  to  go  towards  the  reduction  of  the 
present  rates.  The  public  lighting  would  be  much  mora  efficient 
than  at  present.  The  electric  lamps  actually  used  would  not 
be  the  BtAndord  Umpe  of  16  c. p.,  but  mostly  lampe  of  32  c.p., 
and  in  some  casea  perbape  lamps  of  50  c.p.  AJtogeUier  the  public 
lamps  would  be  equivalent  to  3,400  standanl  lamps.  For  private 
lighting,  the  number  of  lamps  installed  per  house  averages  40,  but 
the  numt>er  maintained  alieiit  averages  only  20.  In  his  opinion  it 
would  be  better  to  take  20  lor  estimation.  ThU  would  mean  that 
tbe  3,000  lamps  would  be  token  up  by  ISO  houses ;  and  this  was 
the  l»sis  upon  which  the  above  estmiate  had  been  formed,  and  hq 
did  not  think  it  was  too  saugaine. 
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ffe  are  now  la  &  paaltioD  bi  aodetcUnd  the  beMiog  <d  some 
aarioiu  Mid  importanb  reMaichea  made  abaab  40  yean  ago  by  Dr. 
Jnlina  Dub,  whloh,  like  a  K^eat  many  other  good  Ihioga, lie  buried 
in  the  back  voIomoB  of  PoggeodorS'a  ^nnafen.  Some  aoconnt  of 
them  is  also  ^ven  in  Dr.  Dub's  now  obeolete  book,  entitled 
"  ElektromaKnetiemua." 

The  first  of  Dob'a  experimeota  to  which  I  will  refer  relatea  U  the 
difference  in  behaviour  betweui  electromapieta  with  Bat  and  tboM 
with  pointed  pole  ends.  He  formed  two  cylindrical  oorea  ea«b  6in. 
lone,  from  the  aame  rod  of  soft  iron,  lin.  in  dtamet«r.  Either 
ei  tboBe  oould  be  slipped  into  an  appropriate  magnetiaio^  coil. 
One  of  them  had  the  end  left  flat,  the  other  had  ibi  end  pointed, 
r  rather   it  waa  ooned   down   until  the  Sat  end  waa  left  only 


'e  there  was  used  another  piece  of  the  same  aoft  iron  rod, 
12tn.  long.  The  pall  of  the  eleotromagnet  on  the  armature  at 
different  dlstancea   waa  oarafnlly  me«anred,  with  the  follou'ing 


Diatanoe  apart  in 

PdU  on  Oat 

.      PuU  on  [Winted 

Incbet. 

pole  (lb.). 

pole  (lb.). 

0 

3-3 

1                5i! 

0-0055 

11 

i                1* 

0-0110 

0-fl 

0-75 

0-0165 

0-71 

0-50 

0-022 

0-80 

0-42 

0-044 

0-38 

i                0-20 

0-0B8 

0-19 

otw 

Theae  reealta  are  plotted  out  In  the  currea  in  Fig.  35.  It  will 
be  Been  that  in  contact,  and  at  very  short  dlatanoas,  the  reduced 
pole  mve  the  greater  poU.  At  about  10  mtla  diatance  there  was 
eqnauty,  but  at  all  dletaacee  greater  than  10  mils  the  flat  pole  had 
the  advantage.  At  email  distances  the  concentration  of  magnetic 
tines  gaTB,  m  accordanoe  with  the  law  of  traction,  the  advaotage 
to  the  reduced  pole.  But  this  advantage  was,  at  the  greater  dis- 
tances, more  than  oatweigbed  by  the  fact  that  with  Uie  greater 
widths  of  air  gap  the  use  of  Uie  pole  with  larger  face  reduced  the 


~ 

? 

— 

^ 

Dub's  oetb  experiment  relate  to  the  employment  of  polar  ext«n- 
Bions  or  pole-pieoes  attached  to  the  core.  These  experiments  are 
so  curious,  ao  unexpected,  unless  yon  know  the  reason  why,  that 
I  invite  your  especial  atbentiou  to  them.  If  an  engineer  had  to 
make  a  firm  joint  between  two  pieces  of  metal,  a^  he  feared 
that  A  mere  attaehment  of  one  to  the  other  was  uot  ade- 
quately strong,  his  first  and  moat  natural  impulse  is  to  enlarge 
the  parte  that  oome  together — ^to  give  one,  as  it  were,  a  broader 
footing  against  the  other.  And  that  is  precisely  what  an  engineer, 
if  QDlnatmoted  in  the  true  principles  of  magnetism,  would  do  in 
order  to  make  an  eleotromagnet  stick  more  tightly  on  to  it<  arma- 
ture- He  would  enlarge  the  ends  of  one  or  both.  Ha  would  add 
pole-pieces  to  give  the  armature  a  better  foothold.  Notbine,  at 
you  will  see,  could  be  more  disastrous.  Dub  employed  in  these 
experiments  a  straight  electrumagneC  having  a  cylindrical  soft  iron 
core  Hn.  in  diameter,  I2in.  long:  and  as  armature  a  piece  of  the 
same  iron,  6in.  long.  Both  were  flat-ended.  Then  six  pieces  of 
soft  iron  were  prepared  at  various  aiies  to  aerve  as  pole-pieces. 
They  oould  be  screwed  on  at  will  either  to  the  end  of  the  magnet 
core  or  to  that  of  the  armature.  To  distinguish  them  we  will  call 
them  by  the  letters.  A,  B,  C,  etc.  Their  dimensions  were  as 
shown  in  Table  A,  the  inches  being  presamably  Bavarian  inchesi 

Of  the  reaulta  obtained  with  these  pieces  we  wilt  select  eight 
(Table  B).  Tbey  are  those  illustrated  by  the  eight  collected 
sketches  in  Tig,  36.  The  pull  required  to  detacb  was  measured, 
also  the  ftttraotion  exerted  at  a  o^-Utin  distance  spart. 

*  Cantor  leotnrca,  delivered  before  the  Society  of  Arts, 


Experiment. '  On  magnet.  Onannatore.     Traction.      Attraction. 


It  will  be  noted  that,  in  every  case,  putting  on  a  polepiecf  to 
the  end  of  the  magnet  diminished  both  the  pull  in  contact  and  the 
attraction  at  a  distaniM.  It  aiuiply  promoted  leakage  and  dinipa. 
tion  of  the  magnetic  linea.  The  worst  cose  of  all  was  t^at  in  which 
there  were  pole-pieoea  both  on  the  magnet  and  on  the  armature. 
Id  the  last  three  coses  the  pull  was  increased,  but  here  the  enlarged 
piece  was  attached  to  the  armature,  so  that  it  helped  those 
magnetic  lines  which  came  up  into  it  to  flow  back  laterally  to  the 
bottom  end  of  the  electromagnet,  while  thus  reducing  the  m^netic 
reluctance  of  the  return  path  through  the  air,  and  so  iacreasing 
the  total  number  of  m^netic  linea,  did  not  spread  unduly  those 
that  issued  up  from  the  end  of  the  core. 

The  next  of  Dub'a  reenlts  relate  to  the  effect  of  adding  thns 
pole-pieces  to  on   electromagnet    12in.    long,    which   woa   being 


Fro.  3e.-^Dab's  Eiperimenta  with  Fole-piecee. 

employed,  broadside   on,   to    deflect  a   distant   compass  needle. 
Fig.  37. 

Pole-piece  used.  Deflection  (degrees). 

None  ai-5 

A     42 

B     41-5 

C      40-5 

D     41 

E     30 

F      38 

In  another  seb  of  experiment*  of  the  oame  order  a  permanent 
magnet  of  steel,  having  poles,  n«,  was  slung  horiiontally  by  a 
bifilor  suspension,  to  give  it  a  strong  tendency  bo  set  in  a  particular 
direction.  At  a  abort  diatanoe  laterally  waa  fixed  the  same  bar 
electromagnet,  and  the  same  pole-pieces  were  again  employed. 
The  results  of  attaching  the  pole-pieces  at  the  rear  end  are  not 
very  conclusive  ;  they  slightly  increased  the  deflection.  But  in 
the  absence  of  information  as  to  the  diatAnce  between  the  stsel 
magnet  and  the  eleotromagnet,  it  ia  difficult  to  assign  proper 
values  to  all  the  causes  at  work.     The  results  were  : 

Pole-pieoe  used.  Deflection  (degrees). 


When,  however,  the  pole-pieces  were  attached  to  the  distant  end 
of  the  electromagnet,  where  their  effect  would  nndoubtedly  bo  to 
promote  the  leakage  of  magnetic  lines  into  the  air  at  the  front  end 
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without  much  affecting  the  distribation  of  these  lines  in  the  spaoe 
in  front  of  the  pole,  the  action  was  more  marked. 

Pole-piece  used.  Deflection  (degrees). 

None  8*6 

A      10-0 

B     10-3 

C     10-3 

F     10-1 

Still  confining  ourselves  to  straight  electromagnets,  I  now  invite 
your  attention  to  some  experiments  made  in  1862  by  the  late  Count 
l>u  Moncel  as  to  the  effect  of  adding  a  polar  expansion  to  the  iron 
core.  He  used  as  his  core  a  small  iron  tube,  tne  end  of  which  he 
could  close  up  with  an  iron  plug,  and  around  which  he  placed  an 
iron  ring  which  fitted  closely  on  to  the  pole.  He  used  a  special 
lever  arrangement  to  measure  the  attraction  exercised  upon  an 
armature  distant  in  all  cases  one  millimetre  from  the  pole.  The 
results  were  as  follows  : 


Tubular  core  alone    

Ditto        with  iron  plug 

Cora  provided  with  mass  of  iron  at  distant 

end    

Ditto       ditto  with  iron  plug. 


Withoutring 
on  pole. 


11 
17 

27 
38 


With  ring 
on  pole. 


10 
14 

25 
33 


After  hunting  up  these  researches,  it  was  extramelv  Interesting 
to  find  that  so  important  a  fact  had  not  escaped  the  observant  eye 
of  the  original  inventor  of  the  electromac;net.  In  Sturgeon's 
*' Experimental  Researohes  "(p.  113)  there  is  a  footnote,  written 
apparently  about  the  year  18^,  which  runs  as  follows  : 

"  An  electromagnet  of  the  above  description,  weighing  3o2.,  and 
furnished  with  one  coil  of  wire,  supported  141b.  The  poles  were 
afterwards  made  to  expose  a  larger  surface  bv  welding  to  each  end 
of  the  cylindric  bar  a  square  piece  of  gooa  soft  iron,  with  this 
alteration  only,  the  lifting  power  was  reduced  to  about  51b., 
although  the  magnet  was  annealed  as  much  as  possible." 


Fio.  38.— Dofleoting  a  Steel  Magnet  having  Bifilar  Suspension, 

Pole-piece  on  Near  End. 

We  saw  that  this  straight  electromagnet,  whether  used  broad- 
side-on  or  end -on,  could  act  on  the  compass  needle  at  some  distance 
from  it,  and  deflect  it.  In  those  expenments  there  was  no  return 
path  for  the  magnetic  lines  that  flowed  through  the  iron  core  save 
that  afforded  by  the  surrounding  air.  The  lines  flowed  round  in 
wide-sweeping  curves  from  one  end  to  the  other,  as  in  Fig.  26, 
the  magnetic  fleld  being  quite  extensive.  Now,  what  will  happen 
if  we  provide  a  return  path?  Suppose  I  surround  the  electro- 
magnet with  an  iron  tube  of  the  same  length  as  itself,  the  lines 
will  flow  along  in  one  direction  through  the  core,  and  will  find  an 
easy  path  back  along  the  outside  ot  the  coil.  Will  the  magnet 
thus  jacketed  pull  more  powerfully  or  less  on  that  little  suspended 
ma^et?  I  should  expect  it  to  pull  less  powerfully  ;  for  if  the  mag- 
netic linee  have  a  good  return  path  here  through  the  iron  tube, 
why  should  they  force  themselves  in  such  a  quantity  to  a  distance 
through  air  in  order  to  get  home?  No,  they  will  naturally 
return  short  back  from  the  end  of  the  core  into  the  tubular  iron 
jacket.  That  is  to  say,  the  action  at  a  distance  ought  to  be  dimin- 
isbed  by  putting  on  that  iron  tube  outside.  Here  is  the  experiment 
set  up.  And  you  see  that  when  I  turn  on  the  current  my  indi- 
catii^  needle  is  scarcely  affected  at  all.  The  iron  jacket  causes 
that  magnet  to  have  much  less  action  at  a  distance.  Yet  I  have 
known  people  who  actually  proposed  to  use  jacketed  magnets  of 
this  sort  in  telegraph  instruments  and  in  electric  motors,  on  the 
ground  that  they  give  a  bigger  pull.  You  have  seen  they  i)roduce 
less  action  at  a  distance  across  the  air,  but  there  yet  remains  the 

Suestion  whether  they  give  a  bigger  pull  in  contact  ?  Yes,  un- 
oubtedly  they  do  ;  because  everything  that  is  helping  the  mag- 
netism to  get  round  to  the  other  end  increases  the  goodness  of  the 
magnetic  circuit,  and  therefore  increases  the  total  magnetic  flux. 

We  will  try  this  experiment  upon  another  piece  of  apparatus,  one 
which  has  been  used  for  some  years  at  the  Finsbury  Technical 
College.  It  consists  of  %  straight  electromagnet  set  upright  in  a 
hose  board,  over  which  is  erected  a  light  gallowB  of  wood.  Across 
the  frame  of  the  gallows  goes  a  winch,  on  the  axle  of  which  is  a 


small  pulley  with  a  cord  knotted  to  it.  To  the  lower  end  of  the 
cord  is  hung  a  common  spring  balance,  from  the  hook  of  which 
depends  a  small  horizoutal  disc  of  iron  to  act  as  an  armature.  By 
means  of  the  winch  I  lower  this  disc  down  to  the  top  of  the  electro- 
magnet. The  current  is  turned  on.  The  disc  is  attracted.  On 
winding  up  the  winch  I  increase  the  upward  pull  until  the  disc  is 
detached.  See,  it  required  about  91b.  to  pull  it  off.  I  now  slip 
over  the  electromagnet,  without  in  any  way  attaching  it,  this  loose 
jacket  of  iron — a  tube,  the  upper  end  of  which  stands  flush  with 
the  upper  polar  surface.  Once  more  I  lower  the  disc,  and  this  time 
it  attaches  itself  at  its  middle  to  the  central  pole,  and  at  its  edges 
to  the  tube.  What  force  will  now  be  required  to  detach  it  ?  Tne 
tube  weighs  about  ^Ib. ,  and  it  is  not  fixed  at  the  bottom.  Will  9^1b. 
suffice  to  lift  the  disc?  By  no  means.  My  balance  only  measn  res  up  to 
241b. ,  and  even  that  pull  will  not  suffice  to  detach  thedisc.  I  know  of 
one  case  where  the  pull  of  the  straight  core  was  increased  16-fold 
by  the  mere  addition  of  a  good  return  path  of  iron  to  complete  the 
magnetic  cirouit.  It  is  curious  how  often  the  use  of  a  tubular 
jacket  to  an  electromagnet  has  been  reinvented.  It  dates  back 
to  about  1850,  and  has  been  variously  claimed  for  Romershausen, 
for  Guillemin,  and  for  Fabre.  It  is  described  in  Davis's  **  Mag- 
netism," published  in  Boston  in  1855.  About  16  years  ago  Mr, 
Faulkner,  of  Manchester,  revived  it  under  the  name  of  the  AUandae 
electromagnet.  A  discussion  upon  jacketed  electromagnete  took 
place  in  1876  at  the  Society  of  Telegraph  Engineers ;  and  in  the 
same  year,  Prof.  Graham  Bell  usmI  the  same  form  of  electro- 
magnet in  the  receiver  of  the  telephone  which  he  exhibited  at  the 
Centennial  Exhibition.  But  the  jacketed  form  is  not  good  for 
anything  except  increasing  the  tractive  power.  Jacketing  an 
electromaeraet  which  already  possesses  a  return  circuit  of  iron  is 
an  absurdity.  For  this  reason  the  proposal  made  by  one  inventor 
to  put  iron  tubes  outoide  the  coils  of  a  horseshoe  electromagnet  is 
one  to  be  avoided. 

We  will  take  another  paradox,  which  equally  can  be  explained 
by  the  principle  of  the  magnetic  cirouit.  Suppose  you  take  an 
iron  tube  as  an  interior  core ;  suppose  you  cut  a  little  piece  off  the 
end  of  it,  a  mere  ring  of  the  same  size.   Take  that  little  piece  and 


Fio.  39.— Deflecting  Steel  Biagnet,  Pole-piece  on  Distant  End« 

lay  it  down  on  the  end.  It  will  be  struck  with  a  certain  amount 
of  pull.  It  will  pull  off  easily.  Take  that  same  round  piece 
of  iron,  put  it  on  edgewise,  where  it  only  touches  one  point  of  the 
cireumference,  and  it  will  stick  on  a  good  deal  tighter,  because  it 
is  there  in  a  position  to  increase  the  magnetic  flow  of  the  magnetic 
lines.  By  concentrating  the  flow  of  magnetic  lines  over  a  small 
surface  of  contact  increases  B  at  that  point,  and  B',  integraded 
over  the  lesser  area  of  the  contact,  gives  a  totel  bigger  pull  than  is 
the  case  where  the  edge  is  touched  all  round  against  the  edge  of 
the  tube. 

Here  is  a  still  more  curious  experiment.  I  use  a  cylindrical 
electromagnet  set  up  on  end,  the  core  of  which  has  at  the  top  a 
flat  ciroular  polar  surface  about  ^n.  in  diameter.  I  now  teke  a 
round  disc  of  thin  iron — ferrotype  or  tinplate  will  answer  quite 
well — which  is  a  little  smaller  than  the  polar  face.  What  will 
happen  when  this  disc  is  laid  down  flat  ana  centrally  on  the  polar 
face  ?  Of  course,  you  will  say  that  it  will  stick  tightly  on.  If  it 
does  so,  the  magnetic  lines  which  come  in  through  its  under  surface 
will  pass  through  it  and  come  out  on  its  upper  surface  in  large 
quantities.  It  is  clear  that  they  cannot  all,  or  even  any  consider- 
able proportion  of  them,  emerge  sideways  through  the  eiiges  of  the 
thin  disc,  for  there  is  not  substance  enough  in  the  disc  to  carry  so 
many  magnetic  lines.  As  a  matter  of  fact,  the  magnetic  lines  do 
come  through  the  disc,  and  emerge  on  ito  upper  surface,  making, 
indeed,  a  magnetic  field  over  ite  upper  surface  that  is  nearly  as 
intense  as  the  magnetic  field  beneatn  ito  under  surface.  If  the  two 
magnetic  fields  were  exactly  of  equal  strength  the  disc  ought  not  to 
be  attracted  either  way.  Well,  what  is  the  fact  ?  The  fact,  as 
you  see  now  that  the  current  has  been  turned  on,  is  that  the  disc 
absolutely  refuses  to  lie  down  on  the  top  of  the  pole.  If  I  hold  it 
down  with  my  finger  it  actually  bends  iteelf  up»  and  requires  force 
to  keep  it  down.  1  Uft  my  finger,  and  over  it  flies.  It  will  go 
anywhere  in  ito  effort  to  blotter  the  magnetic  drouit  rather  than 
lie  flat  on  the  top  of  the  pole. 

Next  I  invite  your  attention  to  some  experiments,  originally 
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dae  to  VoD  Kolko,  piibti«b«d  tn  tbe  AnnaUa  40  T««n  ago, 
Tcapecting  t^e  distribulioD  of  the  maKDAtiicluiM  whine  Uiey  omorge 
from  the  pol&r  mirfftco  of  an  elactromunet.  I  cannot  enamerats 
tliem  all,  bat  will  merely  illiutnte  u>em  by  a  ringle  example. 
Hbtb  ia  a  straight  electromaftnM,  with  acyliDdrical,  flat-ended  core, 
Wig.  41.  In  what  way  will  the  magnetic  lines  be  diatribated  over 
at  tbe  end !  J'ig.  41  iUnatratai  roughly  tbe  way  in  which,  when 
there  i»  no  retam  path  of  iron,  the  magnetic  lineale«k  through  tbe 
air.  The  main  leuage  ii  throaf;h  the  enda,  thoogh  there  ie  some 
at  tbe  aidee  alao.  Now  the  qneetion  of  tbe  end  distribntion  we 
■hall  try  by  tuloe  a  email  ballet  of  iron,  which  will  be  placed  at 
'"" *  — -'-.ta  nom  tbe  middle  U)theedge,aflE«inglMduicebeing 


Fio.  40.— Experiment  with     Fia.  41.— Exploring  Polar  Diatribu- 
TnbnlBr  Core  and  Iron  Ring.  Uon  with  Small  Iron  Kails. 

employed  to  measare  the  force  required  to  detach  it.  The  pull  at 
the  edge  is  mnch  stronger  than  at  the  middle — at  least  foar  or  five 
tlmea  as  great.  There  is  a  regular  increase  of  pull  from  the 
middle  to  the  edge.  Tbe  magnetic  lines.  In  trying  to  complete 
their  om  circuit,  Sow  most  namerously  in  that  direction  where 
they  can  go  furthest  through  iron  on  tbeir  jauroey.  They  leak  out 
more  ationgly  at  all  edgee  and  corners  of  a  polar  surface.  They  do 
not  flow  out  m>  atroi^cly  at  the  middle  of  tbe  end  surface,  otherwise 
they  would  have  to  go  throagh  a  larger  air  circuit  to  get  Wii  home. 
The  iron  ia  oonseqnently  more  saturated  round  theedgethanat  the 
middle  ;  therefore,  with  a  very  small  magnetiaing  force,  there  is  a 
grekt  dlsjuvportion  between  pnll  at  the  middle  and  that  at  the 
edges.  Vfitb  a  very  large  masnetising  force  you  do  not  get  the 
«ame  disproportion,  because,  if theedge  is  already  far  saturated  you 
cannot  by  arolying  higher  mu^netising  power 
""""    looD, bat  you  can  stiirforce  mo     " 


The  consequence  is,  if  yon  plot  out  tbe  results  of  a  succeeeion  of 
experiments  of  the  pall  at  diETerent  points,  the< 


)taiDed  with  small  magnetising  fcroee. 
le  pall  at  tbe  edge  was  six  or  seven  time 


■aitfht  tl 


as  obtained  to 


n  times  as  great  as  in  the  middle 
with  a  small  magnetising  power ;  bnt  with  Isj^^r  power  not  more 
than  two  or  three  times  m  great,  although,  of  course,  the  pull  all 
over  was  greater.  You  can  easily  observe  this  distribution  by 
merely  patting  a  polished  iron  boll  upon  the  end  of  tbe  electro- 
magnet, as  in  Fig.  12.    Tbe  ball  at  once  rolls  tA  the  edge,  and  will 


Fio.  42,— Iron  Ball  attracted  to  Edge  of  Polar  Face. 


;.  11)  what  will  the  c 

^he  magnetic  lines  thi 

_ '^9!?  "'one  polar  sui 

tbe  polea.  The  lines  are  most  dense  in  the  region  where  they  arch 
over  in  as  short  an  aroh  as  possible,  nod  they  will  be  less  dense 
along  the  longer  paths,  whioh  arch  more  widely  over.  Therefore, 
aa  there  is  a  greater  tendency  to  leak  from  the  inner  edge  of  one 
pole  to  the  inner  edge  of  tbe  other,  and  less  tendency  to  leak  from 


Kr  C 


y  over  the  inner  edge, 
ine  mognetio  oenavioaT  oi  iiroie  iron  balls  is  ver^         '' 
tmall  round  ^eoe  of  iron  does  not  tend  to  iqove  at  a 


powerful  magnetic  field  if  thai  magnetic  fleld  is  unifcom.  All  tliat 
a  small  bar  of  iron  tends  to  do  is  to  move  fnxn  a  place  whete  the 
magnetic  Geld  is  weak  to  a  place  where  the  magnetic  field  ii 
strong.  Upon  that  fact  depends  the  construction  of  ecTeral 
important  iostramenls,  and  also  certun  pieces  of  electromagnetic 
mechanism. 

(To  k  eoatinued.) 
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workmen.  When  we  remember  that  these  have  to  be  fed,  and 
clothed,  and  boused  ;  when  we  recollect  that  a  large  number  of 
workmen  must  be  employed  in  providing  tbe  iron  and  st«d 
required  in  the  manufacture  of  rolling-stock,  and  tliat  materials 
and  labour  must  Im  constantly  fortbcomine  for  the  constractiMi  of 
lines  in  progress  ;  when  we  perceive  that  this  distribative  systMu, 
rendered  necessary  by  increased  prodaction,  has  in  its  tarn  stima- 
lated  production  to  an  incalcutalile  extent,  we  begin  to  realise, 
though  but  faintly,  how  far-reaching  in  its  iDflaenoe  on  industry 
railway  progress  has  been.  Then  we  have — as  oonstituting  s 
farther  means  of  distribution— docks,  in  the  construction  of  which 
millions  have  been  expended,  and  a  huge  mercantile  navy  which, 
by  the  direct  end  indirect  employment  of  armies  of  workmen, 
enable  us  to  efiect  an  advantageous  exchange  of  our  goods  for 
those  of  other  nations.  Ships  have  to  be  built,  and  workmen  have 
to  be  supplied  with  the  means  of  life  in  return  for  their  laboor- 
The  raw  materials  muat  be  furnished,  and  the  necesaary  iron  and 
steel  produced  by  another  host  of  labourers.  Nor  is  tnie  all,  for 
out«ide  the  artisan  classes  indirectly  depending  on  distfibutian 
for  a  livelihood,  are  thousands  employed  iu  mercantile  hooses, 
shipping  agencies,  and  brokers'  offices,  all  occupied  in  effecting 
the  distribution  of  commodities,  not  to  speak  of  the  hundreds  oi 
thousands  engaged  in  wholesale  warehouses  and  retail  shops. 
Meditating  on  those  things,  I  say  we  b^in  to  comprehend  how 
vast,  how  complex,  how  tnter-dependent  in  all  its  ramifioatiom 
industrialism  has  become. 

Bub  how  does  this  affect  the  workman  himself!  Well,  generally 
he  works  shorter  hours  than  ever  he  did,  and  the  pnrchaaing 
power  of  the  wage  he  receives  is  higher  than  ever.  Individually 
combination  with  others,  he  is  free  to  bargain  with  hia  ei 


I  satisfied   with  his  lot,  is  a  n 


_.        Yet 
r  of  daily 


observation.     That  the  employer  is  displeased  with  hia  profita 
also   made  manifest.     That  both  fail  to  adjust  tbHT  disereacv 
amicably  is  a  fact  which  continnee  to  be  empbarised  t^  ooostantly 


recarriog  strikes  and  locks  out.  In  June  of  this  year, 
example,  there  were  79  strikes  recorded,  in  July  thera  were  v», 
and  in  August  the  number  rose  to  106-  Some  of  these  were  of 
ounsiderahte  magnitude  and  importance.  The  dock  labourers  and 
seamen  beaded  the  list  with  16.  The  cotton  trades  come  next 
with  15  :  the  building  trades  follow  with  12  and  tbe  miners  witii 
nine,  the  remainder  oeine  divided  amongthe  misoellaoeooB  trades. 
Since  then  strikes  in  the  iron  and  shipbailding  trades  have  been 
rife.  Aa  I  writet  a  strike  in  the  tin-plata  trade  haa  juat  t«rmi- 
nated,  battalions  of  troops  are  held  in  readineas  at  Chaibam  to 
quell  disturbance  should  tbe  Becktcn  gas  stokers  strike,  news 
comes  that  for  the  first  time  in  tbe  history  of  our  [ran  mannfae- 
ture  all  the  Scotch  furnaces,  with  the  exception  of  those  at  Carron 
and  Wishaw,  are  out  of  blast,  tbe  famaoemen  having  stmck  work. 
It  must  be  remembered  that  each  strike  or  lock-out  Is  a  oonfesslon 
of  failure  on  the  part  of  employers'  associations  or  men's  onions  to 
adjust  their  differences  in  a  reasonable  spirit.  These  combina- 
tions exist  for  the  purpose  of  settling  labour  disputM  peaceably. 
A  strike  or  lock-oat  is  the  last  resource  of  either,  and  whan  tlus 
has  taken  place  employer  and  employed  stand  rejiated  to  each  other 
as  do  two  nations  who,  after  vainly  attempting  to  oome  to  t«rms 
in  the  council  chamber  or  refusing  to  submit  lo  arbitration, 
determine  to  meet  in  the  battle-field.  The  iudustrial  b^le, 
though  generally  a  bloodless  one,  is  inevitably  dlsastrooa  wbldi 
ever  side  gains,  and  these  violent  methods  of  settling  disputes  can 
only  be  roffarded  as  constituting  a  virulent  disease  to  which  the 
industrial  organism  in  its  preaent  stage  of  development  is  exoeed- 
ingly  liable.  Nor  can  disease  seiie  on  one  part  of  the  system 
without  producing,  to  a  greater  or  lees  ext«nt,  functional  derange- 
ment throughout  tbe  whole.  A  strike  amongst  the  blast  furnace- 
men,  for  instance,  while  it  reduces  the  output  of  iron,  throws  upon 
the  market  a  quantity  of  coal  which,  before  the  strike,  was  used  in 
smelting.  This  wilt  make  prices  fall,  and  if  the  strike  were  long 
continued,  wonld  probably  lead  to  a  reduction  of  the  miners' 
wages.  Again,  if  the  demand  for  iron  keeps  up,  the  price  «iU 
rise  aa  stocks  ere  exhausted,  and  the  price  of  manafacturee  in 
which  iron  and  steel  are  emplojied  will  rise  accordingly.  Owing 
to  the  rise,  the  demand  in  Uie  shipbuilding  and  other  iron- 
using  indnstries  will  fall  off,  and  the  wages  of  those  engaged  in 
them  may  be  in  turn  reduced.  Of  course  T  don't  say  that  ^theee 
things  will  inevitably  occur.  What  I  mean  is  that  the  strike  creates 
*  Presidential  address  delivered  to  the  Old  Students'  Association 
of  the  City  and  Guilds  of  London  Institute  at  Finsbury  College, 
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forces  tending  to  make  them  happen,  and  which,  if  applied  for 
a  sufficiently  lone  period,  would  doubtless  have  the  result  in- 
dicated. I  use  tnis  illustration  to  show  that  every  branch  of 
industry  hangs,  as  it  were,  upon  another.  Men  think  they  are 
fighting  the  capitalist,  when  they  are  really  fighting  the  workmen 
in  a  different  branch  of  trade  as  well,  and  endeavouring  to  obtain  a 
rise  of  wages  partially  at  their  expense.  Emphasising  this  very 
point,  there  comes,  while  I  write,  the  news  that  a  thousand  men 
are  locked  out  in  the  engineering  works  at  Newport,  owing  to  a 
dispute  between  the  smiths  and*  boiler-makers.*  As  a  matter  of 
fact,  profits  and  wages  are  derived  from  the  same  fund,  employer 
and  employed  alike  endeavouring  to  make  the  shares  they  respec- 
tively receive  as  large  as  possible. 

Then  outside  the  region  of  skilled  labour,  to  which  the  observa- 
tions in  preceding  paragraphs  are  mostly  applicable,  is  a  host  of 
unskilled  workmen,  whose  condition  in  many  cases  is,  to  say  the 
least,  precarious.  Towards  the  docks  and  the  East-end  drift  this 
flocsam  and  jetsam  of  labour,  and  the  attempts,  successful  to  some 
extent,  to  form  the  dockers  at  different  ports  into  a  compact  com- 
bination capable  of  bargaining  for  its  services  en  moMe,  will  be 
fresh  in  your  memories.  In  the  organised  branches  of  this  labour, 
however,  strike  has  followed  strike  for  the  past  12  months  in 
rapid  succession.  The  Southampton  riots  are  an  afiair  of  a  month 
ago,  and  to-day  steamers  are  lying  in  the  London  docks  with  grain 
cargoes  which  corn  porters  refuse  to  unload,  notwithstanding  the 
advice  of  their  union  leaders  to  the  contrary.  The  ri^ht  of  men 
to  strike  is  admitted.  The  principle  of  free  labour  is  that  if  % 
man  is  dissatisfied  he  is  at  liberty  to  leave  work  and  make  a  better 
bargain  for  his  labour  elsewhere.  But  while  admitting  the  ri^ht, 
it  is  quite  another  question  whether  this  right  is  being  exercised 
to  advantage  or  disadvantage.  It  seems  here  that  the  men  have 
got  quite  oeyond  the  control  of  the  union  officers.  Intoxicated 
with  success,  they  seem  to  think  that  there  are  no  extremes  to 
which  Uiev  may  not  go.  They  are  like  an  army  which,  in  the 
triumph  of  victory,  exhibits  insubordination,  becomes  disorganised, 
and  falls  an  easy  prey  to  an  enemy  on  the  watch  for  advantages. 

That  strikes  are  a  blot  on  industrialism  Is  admitted  by  aU,  nor 
is  evidence  wanting  to  show  that  they  are  conducted  frequently  in 
that  spirit  of  militancy  which  is  inherited  from  more  barbarous 
ages.  CToercion  and  intimidation  are  frequently  resorted  to. 
Rioting  is  common,  and  the  strikers  when  arguing  with  the  recal- 
citrant *'  blackleg  "  are  not  averse  to  occasionally  emphasising  the 
chief  points  by  the  aid  of  sticks  or  crowbars.  In  fact,  gentlemen, 
we  have  in  the  conduct  of  a  modem  strike  the  old  aggression 
appearing — we  have  the  persecution,  the  intolerance,  and  the 
oppression  bred  in  our  bones  made  manifest — we  have  all  the  evil 
oi  the  human  nature  of  our  time  revealed,  which  only  the  discipline 
of  centuries  to  come  can  thoroughly  eradicate. 

But  outside  organisation  of  any  kind  is  a  shiftless  throng  of 
humanity  living  in  rookeries,  degraded,  ill-clad,  and  worse  fed.  It 
is  almost  impossible  for  us  to  conceive  how  these  creatures  exist. 
As  you  know,  competition  is  blamed  for  much  of  the  evil  in  the 
East-end,  and  a  sweating  commission  investigated  the  conditions 
under  whic^  the  poor  live  but  a  short  time  ago.  After  collecting 
information  regaraing  their  hves  from  all  sources,  the  commission 
issued  a  bulky  report,  which  is  practically  bare  of  suggestion.  It 
is,  in  short,  an  acknowledgment  that  for  the  precarious  wages  and 
the  state  of  misery  revealed  the  Legislature  can  offer  no  remedy. 
Irremediable  though  it  may  be,  however,  it  is  stUl  a  blot  on  the 
industrial  system. 

But  trade  disputes,  inadequate  wages,  and  poverty  are  not  the 
oidy  blots  observable.  Writmg  of  GlaBgow,  50*  years  ago,  a  writer 
remarked  that  every  Saturday,  and  for  the  most  part  of  Sunday, 
10,000  or  20,000  workmen  were  more  or  less  intoxicated,  every 
farthmg  which  could  be  spared  being  too  often  converted  into 
ardent  spirits.  '*  The  same  individual  who  a  year  before  were 
reduced  to  pawn  their  last  shreds  of  furniture  to  procure  subsis- 
tence recklessly  threw  away  the  surplus  earnings  of  more  pros- 
perous times  in  the  lowest  debauchery.  The  warnings  of  religion, 
the  dictates  of  prudence,  the  means  of  instruction,  tne  lessons  of 
adversity,  are  alike  overwhelmed  b^  the  peussion  for  momentary 
gratification. '^t  That  was  written  m  1840,  but  it  is  fairly  true 
to-day.  Anyone  who  studies  closely  the  habits  of  the  labouring 
oUsses  in  our  large  towns  cannot  fail  to  be  struck  with  the  truth 
of  Mr.  Alison's  observations.  Improvidence,  extravagance,  and 
intemperance  are  the  besetting  sins  of  the  British  workman. 
"  Very  few  of  them  lay  by  in  anticipation  of  times  when  work  is 
slack ;  and  the  general  testimony  is  that  higher  wa^^  commonly 
result  only  in  more  extravagant  living  or  in  drinking  to  greater 
excess."  From  personal  experience  of  workmen,  I  should  say  that 
in  the  large  towns  of  England  there  is  spent  on  an  average  from 
15  to  20  per  oent.  of  the  earning  on  beer  and  tobacco.  Providence 
plays  but  an  unimportant  part  m  their  lives.  They  listen  to  the 
voice  of  instinct  and  foUow  the  promptings  of  unregulated  desire, 
but  for  the  most  part  lack  that  power  of  self-denial  which  should 
enable  them  to  sacrifice  present  enjoyment  in  order  to  obtain 
future  benefit.  I  speak  of  them  now  as  a  class,  but  that  there  are 
many  exoeptions  to  this  general  rule  goes  without  saying.  Never- 
theless, it  will  be  observed  that  the  labourers'  grievances  are 
laigely  of  their  own  creation.  Though  they  talk  much  of  co-opera- 
tion, they  continue  to  pour  the  possible  capital  down  their  throats 
or  blow  it  in  the  air. 

Here,  Uien,  is  the  position  of  things.  The  units  composing  the 
industrial  community  are  exceedingly  imperfect,  consequently  the 
present  industrial  system  works  imperfectly,  production  being 
hampered  by  continual  bickerings,  not  only  between  employer  ana 
employed,  but  between  the  various  sections  of  the  latter  as  well. 

^October  6th. 
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The  earnings  of  industry  after  paying  rent  and  taxes  are  divided 
into  two  paits,  one  payable  to  the  capitalist  for  the  loan  of  his 
capital,  interest,  the  remainder  constituting  a  wages  and  profits 
fund,  which  is  divided  between  the  managers  and  the  workmen.  So 
far  as  can  be  made  out,  it  is  the  contention  of  the  workman  that  the 
latter  fund  is  unfairly  divided,  and  in  one  or  two  words  we  may 
examine  the  conditions  which  regulate  the  division.  First,  how- 
ever, it  is  necessary  that  the  amount  payable  as  interest  be  confused 
in  no  way  with  the  amount  divisible  as  earnings  of  manage- 
ment and  eat  nings  of  labour  among  the  producers.  Though  Uie 
same  individual  may  be  capitalist  and  manager,  as  often  happens, 
the  sums  payable  as  interest  and  as  earnings  of  management  are 
to  be  considered  quite  separately.  The  amount  due  to  interest 
IB  represented  by  the  sum  which  the  employer  would  get  for  the 
use  of  his  capital  if  it  were  lent  to  a  business  man  who  managed  a 
concern  of  the  same  kind  as  hie  own  and  having  similar  risks,  is 
determined,  in  fact,  by  the  market  price  of  capitaL  This,  as 
everyone  knows,  depends  upon  the  demand  for  the  use  of  money 
and  the  risk  attending  the  lending  of  it.  A  corporation  whose 
security  is  excellent  can  borrow  readily  at  from  3  to  3^  per  cent. 
But  where  there  are  various  risks  involved,  as  in  most  trading 
concerns,  the  borrowers  have  to  raise  money  on  mortgage  deben- 
tures at  4J^  to  5  per  cent.  Let  it  be  understood  that  the  capitalist 
has  not  fixed  the  amount  of  interest.  That  has  been  fixed  by  the 
competition  for  the  aid  of  capital  and  the  conditions  under  whicb 
it  is  lent.  If  the  demand  for  the  use  of  money  is  great,  interest  is 
forced  up ;  if  it  gets  less,  interest  falls.  I  conceive  that  the 
workman's  objections  are  not  to  the  interest  the  employer  as  a 
capitalist  receives,  but  to  the  profits  or,  more  properly,  *'  earnings 
of  management  **  which  he  takes  from  the  wages  and  profits  fund. 
Indeed,  the  workman  by  placing  his  savings  in  the  bank  may 
himself  become  a  capitalist  to  the  extent  ot  his  means,  and  get 
paid  for  the  use  of  his  money. 

The  amount  due  to  interest  being  deducted,  then,  the  wages 
and  profits  fund  remains  to  be  divided  amongst  the  producers. 
You  are  no  doubt  familiar  with  the  saying  that  the  amount  of 
wages  received  by  any  particular  section  of  the  community  is 
regulated  by  the  supply  of,  and  demand  for,  their  particular  kind 
of  labour.  But  that  there  are  secondary  forces  coming  into  action 
which,  in  conjunction  with  supply  and  demand,  are  Mginning  to 
exercise  an  important  influence  on  the  rate  of  wages  must  be 
apparent  to  all  who  have  watched  recent  labour  movements.  "  In 
an  industrial  conflict,"  said  Prof.  Marshall  recently,  "each  side 
cares  for  the  opinion  of  the  public  at  large,  but  especially  for  that 
of  those  whose  sympathy  they  are  most  likely  to  get;  in  the 
South  Wales  strike,  for  instance,  the  railway  companies  were 
specially  anxious  about  the  good  opinion  of  the  shippers  and  the 
engine  drivers  about  that  of  the  colliers."*  Thus  we  see  that  in 
addition  to  the  influence  of  supply  and  demand  the  influence  of 
public  opinion  is  being  brought  to  bear  on  questions  relating  to 
the  adjustment  of  wages  or  to  the  distribution,  if  I  might  better 
put  it,  of  the  net  industrial  returns.  Supply  and  demand  are,  how- 
ever, the  great  regulators,  and  upon  these  mainly  the  adjustment 
of  wages  depends.  The  capitalist  is  outside  this  adjustment.  It 
is  effected  by  competition  among  the  various  sections  of  workers 
for  different  kinds  of  labour ;  and  the  higher  wages  offered  to 
any  particular  branch  when  the  labourers  become  scarce  in  it 
form  the  inducement  for  others  to  come  in,  thus  increasing  the 
supply,  and  tending  to  bring  the  wages  down  to  their  normal 
level.  Managers  and  business  men  are  not  exempt  from  the 
universal  competition.  If  business  power  is  scarce  a  propor- 
tionally larger  amount  is  paid  for  management  out  of  the  wages 
and  profits  fund,  and,  cetervt  paribus,  less  remains  for  the  time 
being  for  division  amongst  other  workers ;  if  business  power  is 
plentiful,  proportionally  less  is  paid,  and  the  workers  temporarily 
benefit.  If  tne  employer  is  capitaliBt  and  manager  at  tne  same 
time,  the  relation  still  holds  good.  True,  he  may  pocket  an 
apparently  large  suiu  as  earnings  of  management,  but,  on  the 
other  hand,  his  enterprise,  energy,  ability,  and  fertility  of  resource 
have  to  be  paid  for. 

It  is  a  common  saying  that  a  large  return  means  a  great  risk, 
and  in  the  case  of  businesses  making  large  profits,  the  employer's 
share  may  very  often  be  regarded  either  as  the  reward  of  genius 
and  foresight,  or  as  the  higher  interest  he  obtains  for  his  capital 
under  the  exceptional  risk  of  losing  it.  Competition  between 
manufacturers  in  an  ordinary  way,  however,  is  constantly  tending 
to  reduce  earnings  of  management,  and  in  bad  times  an  employer, 
who  is  manager  and  capitalist  as  well,  has  very  often  to  endure  all 
the  trouble  and  worry  of  managing  his  business  for  nothing, 
gaining,  in  the  end,  merely  a  bare  interest  for  his  money,  sucn 
as  could  be  obtained  without  trouble  by  lending  it  to  someone 
else.  In  a  joint  stock  concern,  the  business  is  conducted  by  a 
manager  and  board  of  directors,  who  both  receive  wages  of 
management,  the  capital  being  furnished  by  the  shareholders. 
The  latter  receive  a  return  as  interest,  and  if  this  rises  above  the 
market  rate,  there  are  forces  applied  at  once  to  brin^  it  down  to 
the  normal  in  the  form  of  new  companies  starting  in  the  same 
business  and  entering  into  competition.  What  I  wish  to  point 
out  most  clearly  is  that  there  is  for  each  kind  of  labour  a  normal 
wage  value,  determined  by  the  proportten  which  the  wages  in 
dinerent  employments  bear,  in  order  that  a  supjdy  of  workers  in 
each  may  be  forthcoming  to  meet  the  demand.  Also  the  com- 
petition amongst  the  different  classes,  or,  in  other  words,  supply 
and  demand,  constitute  the  chief  forces  which  tend  to  maintain 
w^es  at  this  normal  value. 

The  various  combinations  of  employers  and  employed  have 
attempted  to  modify  the  relation  between  the  wages  of  different 
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laboarers,  bat  whether  Boch  combmation  can  effect,  nnder  preeent 
arrangements,  any  coneiderable  change  of  a  permanent  character, 
M  open  to  doubt.  It  seems  to  me  that  "  corners  "  in  labonr,  like 
corners  in  raw  materials,  are  very  likely  to  defeat  their  own  ends, 
and  that  combinations  which  seek  to  obtain  more  than  their 
proper  share  from  the  wages  and  profits  fund,  are  unlikely  to 
meet  with  other  than  that  temporaiy  success  which  adjusts  their 
wa^es  again  to  their  normeJ  level.  But  the  preeent  condition 
of  mdustry  is  transitory,  and  only  suited  to  the  times.  It  repre- 
sents a  stage  in  the  growth  of  industrialism,  and  as  fast  as 
human  nature  changes  to  make  a  better  state  of  things  possible, 
just  so  fast  will  a  better  state  be  developed.  *'  It  is  quite  pos- 
sible," as  Mr.  Spencer  says,  "to  hold  that  when  instead  of 
devouring  their  captured  enemies,  men  made  slaves  of  them, 
the  change  was  a  step  in  advance :  and  to  hold  that  this  slavery, 
though  absolutely  bad,  was  relatively  good,  was  the  best  thing 
practicable  for  the  time  being.  It  is  quite  possible,  also,  to  hold 
that  when  slavery  gave  place  to  a  serfdom  under  which  certain 
personal  rights  were  recognised,  the  new  arrangement,  though 
m  the  abstract  an  unequitable  one,  was  more  equitable  than  the 
old,  and  constituted  as  great  an  amelioration  as  men's  natures 
then  permitted.  It  is  quite  possible  to  hold  that  when,  instead  of 
serfs  there  came  freemen,  working  for  wages,  but  held  as  a  class 
in  extreme  subordination,  this  modified  relation  of  employers  and 
employed,  though  bad,  was  as  good  a  one  as  could  then  be  estab- 
lished. And  so  it  may  be  held  that  at  the  present  time,  though 
the  form  of  industrial  government  entails  serious  evils,  those  evils, 
much  less  than  the  evils  of  the  past  times,  are  as  small  as  the 
average  human  nature  allows — are  not  due  to  any  special  injustice 
of  the  employing  class,  and  can  be  remedied  only  as  fast  as  men 
in  general  advance."*  And  there  are,  here  and  there,  signs  of  a 
higner  industrial  organisation.  Co-operation,  a  system  proposed 
long  ago,  under  which  the  workers  are  themselves  the  capitalists,  is 
making  progress.  Profit  sharing,  a  system  which,  after  pay Ine 
fixed  wages  and  fixed  earnings  of  management,  allows  of  another 
distribution,  pro  rata,  from  the  profits  and  wages  fund,  is,  in 
several  instances,  being  adopted.  Only  slowly,  however,  are  these 
changea  occurring,  and  several  schemes  had  to  be  reported  by  Uie 
Labour  Association  in  August  as  having  **  been  temporarily  aban- 
doned, owing  to  the  antagonistic  attitude  of  the  several  trades 
anions."  A  most  hopeful  feature  of  this  report, however,  was  that 
the  question  as  regaras  the  '*  workers  sharing  in  losses  as  well  as 

Srofits,  had  received  a  very  practical  answer  from  the  workers  of 
Lessrs.  Thomson  and  Sons,  of  Huddersfield,  whose  business  was 
based  on  industrial  partnership  lines.  Last  year  it  was  found 
impossible  to  pay  any  interest  on  share  capital,  and  the  workers 
resolved  to  pay  interest  themselves  out  of  their  own  wages."  f 
That  spirit  which  freely  recognises  the  claims  of  all,  the  sentiment 
of  justice,  mutual  trust  and  mutual  forbearance,  are  amongst  the 
factors  which  will  in  time  produce  the  industrial  reformation. 

In  the  course  of  this  adaress  I  have  talked  of  the  industrial  or- 
ganism, and  the  term  is  not,  as  might  be  supposed,  a  new  figure  of 
speech.  In  its  gradual  development  from  a  simple  to  a  complex 
form,  in  its  continued  differentiation  of  functions,  in  its  ever-grow- 
ing mutual  dependence  of  parts,  and  in  ics  increasing  co-operation 
of  members,  industrialism  manifests  all  the  changes  which  take 
place  in  the  course  of  organic  evolution  from  the  lowest  to  the 
nighest  type.  And  in  the  nature  of  man — the  social  unit— must 
be  sought  the  cause  of  this  gradual  advancement.  As  amongst 
lower  animals  the  increase  of  numbers  and  the  struggle  for  subsist- 
ence has  been  the  means  of  developing  those  special  features  exhi- 
bited by  different  species,  so  among  men,  the  redundancy  of  num- 
bers and  the  striving  of  each  to  gratify  his  desires  have  been 
developing  a  skill,  intelligence,  and  self-control  which  will  in  time 
lift  him  from  savagery  to  the  highest  civilisation.  That  the  present 
state  of  society  is  but  transient  has  been  already  pointed  out.  It 
is  the  product  of  past  and  present,  and  represents  the  progress  of 
evolution  up  to  date.  It  has  to  be  perceived  that  society  is  an 
aggregate  of  men,  that  it  must  therefore  manifest  in  its  institu- 
tions all  the  defects  possessed  by  the  units  of  which  it  is  made  up. 
That  it  is  faulty  in  many  particulars  is  apparent,  but  that  it  is 
the  beet — nay,  that  it  is  the  only  state  possible  for  the  time  being, 
must,  at  the  same  time,  be  admitted.  Only  as  fast  as  men,  the 
units,  advance,  and  as  human  nature  improves,  can  a  better  state 
of  society,  the  aggregate,  arise. 

People  are  loth  to  oelieve  that  institutions  can  only  evolve,  are 
impossible  of  manufacture.  It  is  sometimes  amusing  to  read  the 
various  manifestoes  of  State  socialists,  ready  with  their  cut-and- 
dried  schemes  to  regenerate  industrialism,  and  professing  that  were 
their  plans  adopted,  the  traits  which  have  characterised  humanity 
through  countless  ages  would  forthwith  disappear.  And  yet, 
perhaps,  the  published  utterances  of  socialist  leaders  constitute 
the  best  proof  that  they  are  unfitted  for  a  better  condition  of 
things.  Men  who  talk  of  confiscating  property  without  the 
slightest  regard  for  the  claims  of  the  owners  manifest,  by  their 
language,  their  unfitness  for  a  condition  of  society  which  implies 
a  fuller  recognition  of  men's  rights.  But  some  are  foolish  enough 
to  believe  that  the  passing  of  this  or  that  Act  would  regenerate 
humanity,  and  that  the  men  who  show  themselves  to  be  guided 
by  the  instincts  of  robbers  are  those  who  are  to  be  instrumental 
in  bringing  about  an  industrial  millennium.  They  have  history  to 
teach  them,  but  they  will  not  be  taught.  In  olden  times  the 
Government  imposed  endless  restrictions  on  industry,  but  one 
by  one  they  have  been  removed,  because  found  in  time  to  be  a 
mistake  and  discovered  to  intensify  the  evil  they  pretended  to 
remedy.  That  the  removal  of  these  restrictions  has  been  of  im- 
mense service  to  industry  most  thinking  men  will  admit.     Kever- 

•  "  The  Study  of  Sociology,"  p.  263. 

t  See  Report  of  the  Labour  Association  for  1890. 


thelesB,  in  our  day,  a  school  has  arisen  which  demands  State  inter- 
ference of  such  a  character  that  the  restrictions  of  former  times 
pale  by  comparison.*  One  can  scarcely  take  up  a  daily  paper 
which  does  not  contain  some  attack  on  a  State  department  for  the 
perfunctory  performance  of  its  duties,  and  yet,  notwiUistanding 
this  daily  accumulating  evidence,  it  is  implicitly  believed  that  for 
all  evils  to  disappear  society  has  merely  to  be  transformed  into  a 
huge  government  office. 

That  socialism — inasmuch  as  the  term  implies  complete  adapta- 
tion to  the  social  state— is  the  ultimate  goied  of  society  has  been 
implied,  but  that  this  can  be  furthered  oy  governments,  which 
exist  because  of  the  imperfections  of  humanity,  is  doubtful 
"  Perpetually,  governments  have  thwarted  and  deranged  the 
growtn,  but  have  in  no  way  furthered  it ;  save  by  partially  dis- 
charging their  proper  function  and  maintaining  social  order.  It 
is  not  to  the  State,"  quoting  Spencer,  "  that  we  owe  the  multi- 
tudinous useful  inventions  m>m  the  spade  to  the  telephone  ;  it  was 
not  the  State  which  made  possible  extended  navigation  bv  a 
developed  astronomy  ;  it  was  not  the  State  which  made  the  dis- 
ooveriee  in  physics,  chemistry  and  the  rest  which  guide  modem 
manufacturers  ;  it  was  not  the  State  which  devised  machinery  for 
producing  fabrics  of  every  kind,  for  transferring  men  and  tmngs 
from  phM^  to  place,  and  for  ministering  in  a  thousand  ways  to  our 
comforts.  The  world-wide  transactions  conducted  in  merchants* 
offices,  the  rush  of  traffic  filling  our  streets,  the  retail  distributing 
system  which  brings  everything  within  easy  reach  and  delivers  the 
necessaries  of  daily  life  at  our  doors,  are  not  of  govemmeatal 
oriji^.  All  these  are  the  results  of  the  spontaneous  activities  of 
citizens  separate  or  grouped  ;"t  atoi  in  fact,  the  reealte  due  to 
competition  and  to  each  one  endeavouring  to  satisfy  his  own 
individual  desires.  So  much  has  competition  done;  but  those 
who  have  to  do  with  Government  departments  know  well  that  they 
are  the  last  places  in  which  enterprise  or  seal,  or  even  activity,  is 
to  be  looked  for.  It  will  not  do.  The  first  requirement  of  progress 
is  freedom  of  action.  -  That  everyone  shall  be  at  liberty  to  satisfy 
his  desires  in  his  own  way,  provided  the  equal  liberty  of  others  is 
not  infringed,  is  the  all-essential  condition,  for  only  in  the  endeavour 
to  obtain  their  satisfactions  have  the  intelligence  and  caltore  of 
modern  times  been  developed. 

I  have  referred  to  the  improvidence  of  the  working  dasaes,  but 
the  influence  which  bad  legislation  has  had  in  forming  their 
improvident  habits  is  generally  ignored.  As  a  matter  of  fact,  they 
have  been  disciplined  in  improvidence  for  centuries,  the  punish- 
ment which  extravagance  snoukl  bring  having  been  averted  by 
the  operation  of  the  poor  laws.  Men  have  been  taught  that  if 
they  lack  the  foresight  or  self-denial  entailed  by  preparation  for 
old  age,  it  is  the  duty  of  the  State  to  make  requisite  proviBion  for 
them,  a  premium  having  been  thus  put  upon  idleness,  improvi- 
dence, drunkenness,  and  licentiousness  by  taxing  the  virtuous 
and  independent  in  order  that  the  vicious  might  lead  easy  lives 
and  multiply  faster.  Our  State  organised  charity  is  a  scandal  to 
civilisation,  but  State  socialism;  mark  yon,  is  but  State  charity  on 
a  gigantic  scale.  '*It  is  a  fact  apparent  to  every  thoughtful 
man,"  says  a  clever  writer,  "  that  the  larger  portion  of  the  misery 
which  constitutes  our  social  question  arises  from  idleness,  ^Inttony, 
waste,  profligacy,  betting,  and  dissipation.  Reliance  on  industry, 
self-respect,  and  energy  does  not  enter  into  the  sodaUfltic  pro- 
[laganda.  In  some  vague  way  the  poor  man  who  is  a  volaptnous 
prodigal  under  the  present  order  of  things  is  to  become  wise  and 
virtuous  when  property  is  held  in  common.  But  this  is  loose 
thinking  which  deceives  no  one  who  can  think  intelligently.  He 
that  is  filthy  will  be  filthy  still,  and  he  that  is  unjust  will  remain 
unjust  in  the  absence  of  a  moral  change  within.  "^  All  legislative 
attempts  to  equalise  mankind  must  be  futile,  and  not  only  futUe,  bat 
mischievous,  as  their  immediate  effect,  apart  from  evils  more  remote, 
is  to  increase  the  number  of  undeserving  at  the  expense  of  the 
deserving.  The  human  species  obeys  the  lawsx)f  life  by  which  all 
species  are  governed,  and  one  of  the  fundamental  generalisations 
of  biology  is  that  fertility  is  determined  by  environment — that  the 
rate  of  multiplication  is  always  adaptea  to  the  conditions  of 
existence.  For  every  species  there  is  a  normal  rate  of  increase, 
and  if  from  any  cause  the  relation  existing  between  the  organism 
and  the  environment  becomes  modified,  a  corresponding  change  in 
fertility  results.  Other  things  remaining  the  same,  if  the  condi- 
tions of  life  are  made  easier  for  a  species,  its  rate  of  propasfttion 
increases,  and  from  this  universal  law  there  is  no  escape.  If  the 
State  by  relieving  the  citizen  of  responsibilities,  voluntarily  but 
imprudently  undertaken,  makes  the  conditions  of  his  life  less 
severe,  self-reliance  is  displaced,  self-respect  is  diminished,  and 
self-restraint  is  discounted.  Relieved  to  an  extent  of  the  necessity 
for  individual  exertion,  the  rate  of  multiplication  will  rise  above 
the  normal,  and  only  fall  to  it  again  if  from  increase  of  numbers 
the  struggle  for  existence  be  raised  to  its  former  severity.  The 
mean  result  of  this  interference  on  the  part  of  the  State  is 
permanent  increase  of  numbers  in  a  lower  grade  of  life,  and 
permanent  diminution  in  a  higher,  the  struggle  for  existence  being 
at  the  same  time  diminished  as  regaras  the  former,  and 
increased  as  regards  the  latter,  temporarily  or  permanently, 
as  the  case  may  oe.  Economists  are  fond  of  telling  us  that  the 
**  standard  of  comfort "  of  the  people  must  be  raised  if  the  growth 
of  population  is  to  be  checked.  In  the  nature  of  things  this 
means  increased  self-denial  and  a  fuller  recognition  of  reponsibili- 
ties.  It  means  an  ideal  which  can  only  be  realised  by  individual 
eflbrt,  a  something  to  be  by-and-by  gained  by  sacrifice 
now.     The  standard  of  comfort  can  be  raised  only  by  incraaeed 

"^  See  The  Radical  Programme  ;  Chapman  and  Hall, 
t  '<  The  Man  v.  The  State,"  p.  63. 

:  Mr.  Arnokl  White  on  *<  Socialism  "  in  the  W^Oiy  Times  and 
Scho,  September  28th,  1890. 
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individaation.  There  is  no  other  way.  However  implanted,  the 
incentive  to  riie  must  act  from  within,  and  only  by  each  progressive 
movement  entailing  more  and  more  individuation  is  the  energy 
available  for  genesis  diminished.  The  gospel  of  State  socialism  is 
mere  rabbish.  To  employ  Mr.  Arnold  White's  pithy  summary,  it 
is  a  gospel  which  equalises  "  genius  and  stupidity,  industry  and 
indolenoe,  waste  and  thrift."  It  constitutes  a  removal  of  the 
forces  which  have  operated  from  the  dawn  of  civilisation  till  now 
to  adapt  men  to  the  social  condition.  It  comprises  an  unfitting 
process  under  which  every  deserving  member  of  society  gets  less 
than  the  share  he  merits,  in  order  that  every  undeserving  member 
may  get  more. 

From  these  remarks  it  must  not  be  thought  that  I  am  justify- 
ing the  present  state  of  industnalism ;  far  from  it.  My  object 
has  been  simply  to  show  that  it  is  the  best  the  average  human 
nature  of  the  time  will  permit  of.  It  is  a  fact  which  must  be  ever 
kept  in  mind  that  human  nature  cannot  be  revolutionised  by  Acts 
of  Parliament,  nor  can  the  evils  which  result  from  the  average 
defects  of  humanity  be  eradicated  by  State  measures.  It  is 
equally  important  to  remember  that  human  nature  changes 
slowly,  though  it  is  utterly  fallacious  to  assume,  as  some  do,  that 
it  changes  not  at  all.  It  is  the  function  of  the  Government  to 
protect  the  citicen  from  foreign  foe  and  civil  aggressor,  to  enforce 
justice,  to  remove  hindrances,  and  permit  society,  with  fullest 
freedom,  to  work  out  its  own  salvation.  If  the  present  were 
the  end,  economists  might  well  close  their  books  and  admit,  with 
Carlyle,  that  their  science  were  somewhat  dismal.  But  to  those 
who  realise  that  the  present  is  but  a  stage  in  development,  and 
that  the  process  which  has  already  liftM  us  from  savagery  to 
Bemi-civilisation  must  continue  till  the  adaptation  is  complete  ;  to 
those  who  believe  that  in  time  the  traits  of  a  by-gone  savagery 
will  disappear,  the  future  of  humanity  is  full  of  hope.  Nor  are 
signs  wanting  that  we  are  making  progress.  Notwithstanding 
the  various  labour  battles  being  fought  around  us,  I  think 
there  is,  amongst  the  more  enlightened,  evidences  of  fuller 
co-operation  between  the  various  sections  of  industry.  Both 
masters  and  men  are  becoming  a  little  less  selfish,  and  are  getting 
to  trust  each  other  more  fully.  Ag|p'essivenes8  on  each  side  is 
diminishing,  and  there  is  distinct  indication  of  growing  sympathy 
between  them.  As  a  result,  a  greater  development  of  profit-sharing 
arrangements,  industrial  partnerships  and  other  schemes  in 
which  active  co-operation  is  requisite,  may  be  looked  for  in  the 
near  future.     In  these  the  hopeful  see  the  beginning  of  the  end. 

But  by  no  legislative  legerdemain  is  the  final  goal  to  be  reached, 
and  it  is  through  the  purgatory  of  competition  Uiat  we  must  pass 
to  an  industrial  heaven.  Remember  the  social  state  was  forced 
on  man  bv  redundancy  of  numbers.  "From  the  beginning, 
pressure  of  population  has  been  the  proximate  cause  of  progress. 
It  produced  tne  original  difi'usion  of  the  race.  It  compelled 
men  to  abandon  predatory  habits,  and  take  to  agriculture.  It 
led  to  the  clearing  of  the  earth's  surface.  It  forced  men  into 
the  social  state,  made  social  organisation  inevitable,  and  has 
developed  the  social  sentiments.  It  has  stimulated  to  progressive 
improvements  in  proiuction,  and  to  Increased  skill  and  intelli- 
gence. It  is  daily  thrusting  us  into  closer  contacts  and  more 
mutually -dependent  relationships."'  And  with  each  advance 
in  intelligence,  with  each  demand  on  the  increased  individuation 
rendered  imperative  by  the  struggle  for  existence,  there  g^oee  the 
ioevitable  diminution  of  fertility.  *' After  having  causra,  as  it 
ultimately  must,  the  due  peopling  of  the  globe,  ana  the  raising  of 
all  its  habitable  parts  to  toe  highest  culture ;  after  having  brought 
all  processes  for  the  satisfaction  of  human  wants  to  perfection  ; 
after  having,  at  the  same  time,  developed  the  intellect  into 
complete  competency  for  its  work,  and  the  feelings  into  complete 
fitness  for  socud  life ;  after  having  done  all  this,  the  pressure  of 
population,  as  it  gradually  finishes  its  work,  must  gradually  bring 
Itself  to  an  end.  "^ 

And  here,  based  on  history  and  on  science,  is  foreshadowed  a 
Utopia  in  the  presence  of  which  even  dreamers  may  well  stand 
wonderstnick.  From  Sir  Thomas  More  to  Edward  Bellamy,  from 
Fourier  to  Grant  Allen,  the  thinkers  who  have  been  struck  with 
the  misery  of  mankind  have  each  in  turn  manufactured  a 
system  in  accordance  with  their  ideas  of  what  ought  to  be. 
And,  having  manufactured  a  system,  they  manufactured  the 
human  units  to  suit  it.  But  they  altogether  ignore  the  power 
of  the  forces  which  have  secured  the  partial  adaptation  to  work 
out  the  adjustment  to  the  end.  That  the  harmony  is  far  from 
complete  is  apparent ;  that  man  has  instincts  unfitted  for  social 
life  IS  undeniable  ;  but  it  is  none  the  less  sure  that  the  process  of 
adaptation  to  environment  is  gradually  eradicating  those  hurtful 
instmcte,  and  bringing  into  being  emotions  corresponding  to 
complete  harmony  between  faculties  and  surroundings.  Nor  will 
work  be  regarded  in  any  sense  a  burden  when  this  time  arrives. 
Only  pleasure  is  experienced  by  the  exercise  of  faculties  perfectly 
adjusted  to  requirements,  and  when  the  adjustment  is  complete 
the  efforts  requisite  for  existence  will  constitute  but  a  pleasurable 
activity.  A  time  must  be  contemplated  when  the  overflow  of 
capital  from  rich  countries  into  uncultivated  or  ill-cultivated 
regions  of  the  earth  must  cease,  and  when  for  new  works  of  vast 
magnitude  its  aid  will  be  no  longer  required.  Due  to  this  lessened 
demand,  the  rate  of  interest  will  gradually  fall,  and  the  induce- 
ments to  save  large  sums  foi  one's  personal  benefit  will  diminish. 
The  desire  to  possess  great  wealth  arises  because  of  tbe  power  it 
gives  rather  than  the  happiness  it  secures  ;  but  the  desire  for 
power,  bom  of  aggression,  must  eventually  disappear  with  the 
growth  of  altruistic  feelings.  If  Mr.  Ravenstein's  figuresf  are  to  be 


*  Herbert  Spencer's  '*  Principles  of  Biology,'*  vol.  iL,  p.  I 
fSee  Mr.  Kavenstein's  speech.  Conference  of  Statistical 
Geographical  Sections,  British  Association,  1890. 
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trusted,  barely  two  centuries  will  elapse  before  the  globe  is  peopled 
with  the  six  thousand  millions  it  can  support,  ana  the  condition 
attained  under  which  the  final  adjustment  of  man  to  his  environ- 
ment must  be  effected.  When  this  latter  is  accomplished  complete 
harmony  will  reign,  and  so  we  arrive  at  a  socialism,  complete  and 
all-satisfying,  achieved  by  forces  older  than  humanity  itself,  and 
worked  out  by  that  evolution  which  clasps  the  universe  in  its  all- 
powerful  embraoe. 


COMPANIES'  MEETINGS. 


METROPOLITAN  ELECTRIC  SUPPLY  COMPANY. 

The  third  ordinary  general  meeting  of  this  Company  was  held 
at  Winchester  House,  Old  Broad-street,  E.G.,  on  Friday,  the  7th 
instant,  Sir  John  Pender,  K.C.M.G.,  in  the  chair. 

The  Secretary  (Mr.  Cunliffe  Owen)  having  read  the  notice 
convening  the  meeting, 

The  CliAlrmiui  said :  Gentlemen,  you  have  had  in  your  hands 
a  report  [published  in  our  last  issue]  explaining  the  position  of  Ihe 
Company  so  far,  and  our  reasons  for  calling  this  meeting  to-day. 
I  presume  it  is  not  necessary  to  read  that  report.  Under  the 
Electric  Lighting  Act  it  is  provided  that  companies  with  statutory 
powers  must  present  their  yearly  accounts,  made  up  to  the  31st 
December,  to  the  Board  of  Trade  not  later  than  the  2Sth  March  in 
the  year  following.  You  remember  that  our  Company  was  formed 
in  tne  autumn  of  1888,  and  we  only  made  up  our  first  year's 
accounts  to  the  30th  September,  1889,  and  our  general  meeting 
was  held  to  confirm  these  accounts  in  December  last.  The  Board 
of  Trade  having  intimated  that  the^  expected  us  in  the  future  to 
comply  with  the  statutory  requirements,  we  have  'found  it 
necessary  to  alter  our  financial  year,  which  will  therefore  end  in 
future  on  the  31st  December.  We  shall  therefore  call  you 
together  in  the  spring  for  the  purpose  of  submitting  our 
accounts,  and  our  meetings  will  henceforth  be  held  in  the 
beginning  instead  of  the  end  of  the  year.  I  am  very  glad 
indeed  to  meet  you  to-day,  for  I  am  anxious  to  place  before  you 
such  information  as  will  enable  you  to  share  with  the  Directors 
the  confidence  which  they  feel  with  regard  to  the  position  and 
prospects  of  the  Company.  I  repeat  now  the  policy  which  I  have 
generally  pursued  as  chairman  of  other  companies — viz. ,  that  the 
more  we  can  strengthen  the  confidence  betwixt  Directors  and 
shareholders  the  more  smoothly  we  proceed  and  the  more  satis- 
factorily the  business  is  conducted,  when  last  I  had  the  pleasure 
of  meeting  you  I  said  that  we  supplied  the  current  for  15,000 
lights  to  58  customers.  We  are  now  supplying  current  for 
40,000  lights  to  300  customers.  So  you  will  observe,  gentlemen, 
the  large  increase  in  lights,  and  the  increasing  number  of 
customers.  But  you  can  well  conceive  what  an  enormous  number 
of  customers  we  have  yet  left  to  supply.  That  is  one  of  the 
great  features  of  this  Company's  prospects  at  the  present 
moment  that  we  have  such  a  wide  field  TOfore  us,  and  I  think 
that  I  will  be  able  to  satisfy  you  before  I  sit  down  that  we  are 
likely  to  occupy  that  wide  field  with  considerable  benefit 
to  all  concerned.  I  may  state  that  this  number  (of 
lights  and  customers)  is  largely  in  excess  of  that  supplied 
by  any  other  company  in  the  United  Kingdom,  and  that  it  is 
equal  to  over  one-third  of  the  total  lights  supplied  in  London 
by  public  companies.  I  am  informed  by  our  Manager  that  the 
whole  of  the  contracts  for  a  further  10,000  lights  are  taken  up,  and 
that  there  are  many  more  applicants  who  are  negotiating  with  us 
for  the  supply.  It  is  our  experience  that  the  number  of  applicants 
grows  steaaily.  I  have  in  my  hands  a  table  showing  the  monthly 
increase  of  our  lighting  during  the  present  year,  which  will  give 
you  some  idea  of  the  steady  growth  of  the  business.  I  can  idso 
read  to  you  a  few  of  the  testimonials  we  have  received  expressing 


had  nothing  but  complimentary  letters  from  our  customers.  The 
Chairman  then  read  testimonials  from  Mr.  Augustus  Harris, 
Drury-lane  Theatre,  *'  Electric  supply  in  everv  way  satisfactory  " ; 
Mr.  Geo.  Edwards,  Gaiety  Theatre,  "Light  extremely  satis- 
factory"; Mr.  Kennedy,  Exeter  Hall,  "Installation  a  com- 
plete success";  Mr.  Compton,  Garrick  Theatre,  "Lighting  in 
every  wa^  satisfactory  " ;  Messrs.  Hampton  and  Sons,  "  Lighting 
most  satisfactory,  the  whole  640  lamps  give  a  good  and  steady 
light " ;  Mr.  Hare,  speaking  as  an  actor,  "  Vvhen  I  leave  the 
theatre  at  night  I  feel  quite  a  different  man  from  what  I  used  to 
do  when  we  had  gas."  I  have  not  given  you  private  testimonials, 
I  nave  given  vou  testimonials  from  theatres,  where  it  is  so  im- 
portant that  the  liffht  should  not  only  be  steady,  but  brilliant ; 
and  I  think  this  evidence  of  what  we  are  doing  is  very  striking 
evidence  of  what  we  may  expect  in  the  future.  I  am  going  to 
show  you  now  the  state  of  our  lights  and  how  they  are  growing. 
We  begin  with  March,  when  the  spring  days  are  longer  and  less 
light  is  taken ;  ending  in  November,  when  winter,  the  time  of 
greatest  demand,  is  just  beginning.  On  1st  March  we  had  16,000 
Ughts  ;  on  1st  April,  19,000  lights  ;  on  1st  May,  21,000  lights  ;  on 
Ist  June,  22,000  lights;  on  1st  July,  23,000  lights;  on  1st  August, 
30,000  lights ;  on  1st  September,  33,000  lights ;  on  1st  October, 
36,000  lights  ;  on  1st  November,  40,000  lights.  You  will  observe 
that  we  have  passed  through  the  summer  with  a  very  fair  average 
increase.  We  have  been  rising  to  a  point  wnich  is  very 
considerable,  and  before  the  end  of  the  year  I  expect  to 
see  at  least  10,000  lights  added.  That,  I  am  sure,  you 
will  agree  with  me,  is  satisfactory  as  to  tiie  proeress  of  the 
Company.    A  glanoe  at  the  map  which  we  have  bad  prepared 
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(it  httiiff  on  the  wall  behind  the  speaker)  will  show  you  the  magni- 
tnde  o?  our  operations.  You  will  notice  the  supply  stations, 
Whitehall,  Sardinia-street,  Rathbone- place,  and  Manchester- 
square,  together  with  the  vast  system  of  underground  mains  that 
have  been  carried  out.  Upwards  of  40  miles  of  mains  have  been 
already  laid,  and  we  roughly  estimate  that  to  completeour  system  at 
least  double  this  quantity  will  be  required.  That  will  ^ve  you  an 
idea  of  the  work  that  has  had  to  be  done,  and  the  time  that  is 
required  to  do  it.  The  following  statistics  on  the  subject  of  our 
areas  are  of  interest,  as  showing  their  magnitude  and  importance. 
The  averaee  acreage  is  3,105,  nouses  45,451,  with  a  ratable  value 
of  £4,500,U)0.  The  report  ptates  that  we  hare  obtained  powers 
over  Paddington.  We  have  obtained  an  advantageous  site  on  the 
canal  bank,  and  are  about  to  begin  works.  While  this  station  is 
being  constructed  we  will  be  able  to  supply  from  Manchester- 
square  such  lights  as  we  can  lay  mains  for  in  the  Padding- 
ton district  until  the  whole  system  there  is  complecea. 
I  may  here  observe  that  we  have  no  intention  of  applying 
for  further  districts  at  the  present  time.  We  do  not  consiaer  that 
we  will  be  justified  in  incurring  further  responsibility  and 
liability.  We  are  satisfied  that  our  present  areas  are  amply 
sufficient  both  in  size  and  importance  to  take  up  all  our  energies 
at  the  present  moment.  Our  capital  at  the  present  time  ia 
£500,000.  When  I  was  examined  before  the  committee  appointed 
to  enquire  into  the  electric  lighting  of  London,  I  said  I  would  not 
be  satisfied  until  our  capital  became  at  least  £2,000,000  sterling. 
I  hold  the  same  opinion  to-day.  With  two  years  of  experience  of 
work  before  us,  I  believe  that  it  will  be  so  successful — so  remunera- 
tive— that  we  will  gradually  extend  our  system  until  we  have  got 
at  least  a  couple  of  millions  of  mone^  invested  in  it.  I  will  now 
describe  to  you  the  present  condition  of  our  supply  stations. 
Whitehall  station  has  caused  us  a  certain  amount  of  disappoint- 
ment, owing  to  the  fact  that  the  large  block  of  buildings  called 
Whitehall-court,  which  it  was  origin^ly  intended  to  light,  has  not 
been  taken  up  as  rapidly  as  those  who  built  the  chambers  expected 
it  would  be ;  consequently  there  has  been  some  delay  m  the 
W^hitehall  station  being  as  productive  as  we  at  one  time 
expected  it  would  be  immediately.  But  I  am  glad  to  say  that 
those  chambers  are  now  beginning  to  attract  considerable  atten- 
tion, and  probably  before  I  have  the  pleasure  of  meeting  you 
again  I  may  be  able  to  report  that  a  considerable  number  of  those 
chambers  are  being  lighted  by  the  Whitehall  system.  I  may 
mention  to  you  that  in  the  Whitehall  system  710  h.p.  is  employed, 
that  it  supplies  5,000  lights,  and  is  capable  of  extension  to 
8,000  lights.  The  next  station  is  Sardinia-street.  We  have  every 
reason  to  be  satisfied  with  the  working  of  the  very  important 
station  here.  I  informed  you  at  our  last  meeting  that  we  had 
given  an  order  for  double  toe  plant.  This  contract  has  now  been 
carried  out,  the  machinery  is  in  working  order,  and  we  are  ready 
to  cope  with  any  demand  that  may  arise.  We  have  at  this  moment 
19,500  lights  running,  and  we  have  here  a  plant  equal  to  supplying 
50,000  lights.  The  demand  is  increasing,  and  now  that  we  are  in 
winter  it  is  increasing  at  a  rapid  rate,  so  much  so  that  until  we 
have  our  mains  complete  we  are  not  canvassing  for  work.  We  are 
only  taking  up  work  brought  to  us.  The  ne^t  station  is  Rathbone- 
plaoe.  I  have  already  informed  you  of  the  circumstances  that  led 
to  the  purchase  of  this  station.  The  new  machinery  is  fast 
approaching  completion,  and,  indeed,  it  would  have  been 
finished  before  now  but  for  difficulties  which  have  been  overcome. 
If  a  man  has  a  house  alongside  an  electric  installation,  his  belief  is 
that  he  ought  to  bleed  the  company  to  some  extent,  and  we  have 
had  injunctions  without  number.  All  these  injunctions  are  over- 
come in  Rathbone-place,  and  the  other  day  the  proprietor  of  the 
place  died,  and  his  property  was  brought  to  the  hammer.  I  went 
to  that  sale,  after  consulting  with  my  co-directors,  and  we  bought 
it.  Purchasing  that  site  frees  us  from  all  injunctions  or  trouble 
in  the  future  ;  in  the  second  place,  it  gives  us  something  like  8,  or 
9,  or  10  per  cent.  We  will  be  able  to  ^et  money  for  a  great  deal 
less,  so  that  at  the  end  of  21  years,  in  which,  according  to  the  exist- 
ing agreement,  we  would  have  bad  to  pay  double  our  rent,  we  shall, 
at  the  end  of  21  years,  be  able  to  stand  without  anv  rent  at  all — 
in  other  words,  we  shall  have  our  station  practically  free  at  the 
end  of  that  time.  That  must  be  satisfactory.  Rathbone-place  is 
a  most  central  station,  and  every  light  is  likely  to  be  required. 
The  horse-power  is  1,200,  and  the  supply,  when  finished,  will  be 
21,000.  The  next  station  is  Manchester-square.  To  this  we  attach 
the  very  greatest  importance.  It  is  situa^sd  in  the  wealthy  parish 
of  Maryleoone.  At  the  last  meeting  I  informed  you  we  had  made 
advantageous  terms  with  the  London  Electric  Supply  Company,  by 
which  we  took  over  the  existing  network  of  mains  in  the  Marylebone 
district.  We  were  thus  able  to  supply  as  soon  as  the  machinery 
was  ready  to  run.  Our  machinery  has  only  been  working  four 
months,  and  we  are  enabled  to  supply  11,000  lights.  The  Directors 
have  always  laid  very  ^reat  stress  upon  communication  by  trunk 
mains  between  one  station  and  anotner.  By  this  means  we  shall 
always  be  able  to  cope  with  a  sudden  demand,  and  should  any 
accident  arise  the  loaa  of  one  station  could  be  at  once  transferred 
to  another.  That,  when  this  Company  was  originated,  was  one  of 
the  great  points,  that  we  were  not  to  speculate,  we  were  going  to 
allow  other  people  to  experiment,  and  we  would  take  the  results  of 
those  experiments ;  but  we  would  so  arrange  our  stations  that  if 
anything  occurred  to  one  of  them  the  others  would  be  brought  in 
contact  with  it,  so  that  at  the  present  moment,  while  we  stand 
with  all  these  diflferent  installations,  we  can  unite  them  together 
and  make  one  powerful  combination  at  any  moment.  This  is  a 
very  great  and  important  feature. 

The  laying  of  our  mains  has  taken  considerable  time  to  effect, 
and  I  am  sure  that  you  will  realise  that  we  have  had  to  encounter 
difficulties  in  our  works.  Anyone  walking  about  the  streets  will 
see  the  interruption  to  traffic  that  is  causM  by  the  laying  of  these 


mains.  Shopkeepers  complain,  everyone  complains,  and  it  is  not 
a  pleasant  task  to  keep  things  quite  smooth.  Well,  we  have  got  on 
fair  terms  with  people,  and  we  are  pursuing  our  work  steadily  and 
successfully.  The  whole  of  these  works  are  being  executed  b^  oar 
own  men  under  the  superintendence  of  our  own  staff,  and  this  ia 
a  more  economical  method  than  employing  contractors.  These 
works  have  brought  us  into  frequent  contact  with  local  authori- 
ties and  the  County  Council,  and  I  will  take  this  opportunity  of 
expressing  our  appreciation  of  the  kindness  and  courtesy  shown  to 
us  by  the  officials  of  these  bodies. 

Coming  to  our  financial  position,  I  would  remind  you  that  under 
the  circumstances  we  have  called  you  together,  we  have  no  audited 
statement  to  submit.  We  have,  however,  gone  carefully  into  the 
matter,  and  it  will  be  satisfactory  to  you  to  learn  that  in  spite  of  the 
small  amount  of  our  revenue  at  the  close  of  last  year  and  com- 
mencement of  this,  we  have  every  reason  to  believe  that  we  have 
more  than  paid  our  way — that  we  have  made  a  profit  in  the  short 
time  that  we  have  been  earning— and  that  profit  has  been  made 
upon  something  like  30,000  lights.  We  are  very  pleased  to  make 
this  statement  lor  the  following  reason,  which  we  are  anxious  you 
should  carefully  bear  in  mind  :  our  working  expenses  in  the  past 
and  present  are,  with  one  exception,  the  same  as  they  will  be  when 
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with  an  output  of  114,000  lights ;  and,  as  I  said  to  you,  we  have 
made  a  small  profit  upon  the  out-turn  of  40,000  lights. 
It  does  not  want  much  imagination  to  realise  that  if  we  can  deal 
with  114,000  lights  with  the  same  staff  with  only  an  increased 
consumption  of  coal,  we  have  a  very  good  business  oefore  us.  We 
calculate  that  we  shall  supply,  a^r  calculating  the  current 
expenses  for  staff,  the  cost  of  coal  and  working  the  machinery,  we 
shall  be  able  to  supply  for  about  3^.  per  unit — that  is  a  most 
satisfactory  point.  As  you  know,  we  get  7id.;  there  is  a  very 
considerable  margin  between  S^d.  and  Uiat.  I  have  to  explain, 
and  you  may  naturally  ask,  Why  should  we  spend  so  much  at  the 
present  moment  upon  staff?  This  is  a  new  system.  We  have  had 
to  train  almost  every  man  for  this  particular  system.  We  have 
had  to  keep  up  a  much  larger  staff  with  a  view  to  the  extension 
that  is  likely  to  take  place  in  the  demand,  and  we  felt  that  the 
best  and  safest  method  was  to  educate  our  ovm  men  for  the 
purpose.  Therefore,  as  we  grow  our  trade  will  g^w,  and  that 
Stan  will  be  absorbed  in  the  extension.  With  the  present  large 
growth  of  business  and  with  an  assurance  of  a  continuous  and 
steady  increase,  we  believe  that  we  are  perfectly  justified  in  stating 
that  we  look  forward  to  a  satisfactory  dividend  being  earned  in 
the  next  year.  I  have  heard  people  say  that  a  dividend  should  be 
earned  this  year.  The  Company  has  only  been  founded  two 
years,  and  has  been  in  possession  of  parliamentary  powers 
little  more  than  one  year.  During  this  time  works  have 
had  to  be  executed,  and  already  we  are  able  to  announce  that 
with  an  average  output  during  the  present  year  of,  say,  25,000 
lights,  and  wiUi  our  working  expenses  almost  as  heavy  as  they 
ever  will  be,  we  have  run  at  a  small  profit.  Our  stations 
have  sufficient  h.p.  available  to  supply,  when  fully  taken  up, 
114,000  lights,  ana  when  I  state  that  30,000  lights  gives  us  a 
small  profit,  you  can  calculate  the  difference  oetween  30,000 
and  114,000,  with  only  the  additional  cost  of  coal  to  be  deducted, 
and  the  very  considerable  income  that  may  be  expected  with  this 
large  addition  to  the  number  of  lights.  I  don't  like  to  promise 
or  prophesy,  but  I  have  said  that  this  Company  must  grow  to 
be  a  very  large  one,  and  I  state  it  now  with  a  great  deal  more 
confidence  than  I  said  it  before,  and  Sir  George  Elliott,  though 
not  present  today,  owing  to  ill-health,  concurs  in  the  views 
expressed  to  you.  When  I  look  back  to  the  days  in  which  I 
have  been  connected  with  electricity,  I  think  we  aid  a  little  bit 
of  prophecy  then,  but  our  prophecies  were  realised,  and  I  personally 
believe  the  above  statement  will  be  realised  in  the  future  of  tfa« 
Metropolitan  Supply  Company.  I  beg  to  thank  you  for  being 
present  here  to-day,  and  move  that  the  report  of  the  Directors  be 
and  is  hereby  received  and  adopted.  If  anyone  has  any  questions 
to  put  I  shall  be  happy  to  answer  them. 

Mr.  Fowler  :  I  have  pleasure  in  seconding  that. 

A  Shareliolder  asked  whether  he  was  to  understand  that  30,000 
lights  and  £30,000  were  practically  the  same  thing  ? 

The  Chairman  :  Not  necessarily.  We  are  selling  our  electricity 
by  meter. 

The  Sliareliolder:  I  want  to  form  an  idea  of  what  100,000  lights 
mean  in  pounds  sterling. 

The  Chairman :  I  am  not  going  to  prophesy ;  but  if  you  ask 
my  private  opinion,  I  think  you  are  very  sale  in  taking  it  at  10b. 
per  light. 

A  Director  :  More  than  that. 

Another  Shareholder :  Will  you  kindly  inform  us  what  is  the 
present  revenue  of  the  Company  ? 

The  Chairman :  I  have  read  to  you  how  the  thing  has  grown 
during  the  last  few  months.  I  should  think,  at  the  present  time, 
I  would  estimate  the  income  of  the  Company  for  the  current 
quarter  at  £10,000. 

Another  Shareholder  was  pleased  to  know  they  had  so  much 
skill  on  their  management,  and  wished  to  ask  whether,  like  their 
neighbours,  they  were  making  any  arrangement  for  supplying 
motive  power  as  well  as  light  ? 

The  Chairman :  The  demand  for  light,  which  is  our  primary 
object,  is  such  at  the  present  time  that  we  will  not — ^wehave  no 
time  to— turn  our  attention  to  the  supply  of  motive  power. 

Mr.  OUos  asked  as  to  their  Paddington  districts-did  what  had 
been  said  mean  that  other  companies  would  have  ife?  And,  as  to 
the  increase  of  capital  to  £2,000,000— did  that  mean  that  more 
shares  were  to  be  issued! 
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The  dudrauui:  What  I  said  was  this — that  our  capital  was 
£500,000.  We  shall  not  pat  down  new  installations  until  we  have 
altogether  satisfied  you  that  the  instaHations  that  are  working  are 
paying  as  a  handsome  profit.  The  moment  that  we  prove  the 
system  to  be  thoroughly  paying  and  successful — mecnanically, 
electrically,  and  financially — then  I  will  call  upon  you  to  add 
another  half  a  million.  It  is  not  for  me  to  criticise  what  other 
companies  are  doing.  I  stated  when  I  first  addressed  vou  that  we 
are  not  a  speculative  Company.  I  think  I  may  say  tnat  we  have 
managed  our  capital  perhaps  more  prudently  than  other  people, 
and  get  more  for  our  money  than  others.  As  to  the  Waterloo 
Wharf  work.  There  is  always  a  thorn  in  the  flesh.  We  have 
tried  very  hard,  and  I  have  paid  a  great  compliment  to  the  County 
Council.  I  must  say  that  they  were  not  right  at  one  time,  because 
I  had  to  address  the  Chairman  personally  on  the  subject,  but  they 
are  all  right  now.  We  are  utilising  that  station  for  a  storehouse. 
It  is  on  the  Embankment,  and  it  is  very  useful.  We  have  in 
existence  now  the  plant  that  we  intended  to  put  down  there,  and 
are  keeping  it  unemuloyed  ;  but  there  is  a  wide  field  in  that 
disirict  which  we  shalJ  not  enter  upon  until  we  satisfy  you  that  the 
other  fields  are  productive.  You  cannot  get  a  dividend  out  of 
nothing.  When  we  were  spending  money  to  create  all  these  instal- 
lations which  are  now  beginning  to  bear  fruit,  it  was  not  possible 
for  us  to  pay  you  a  dividend.  Our  installations  are  nearly  com- 
pleted, and  we  are  earning  money,  and  our  lights  are  being  taken 
up  very  rapidly,  therefore,  when  I  meet  you  again  I  think  I  will 
be  able  to  announce  to  you  something  satisfactory  in  the  way  of  a 
dividend. 

The  resolution  adopting  the  report  was  then  put  and  carried 
unanimously. 

Mr.  OOmm  next  proposed  the  re-election  of  Sir  James  Anderson, 
Sir  James  S.  Balfour,  M.P.,  and  Sir  George  Elliott,  Bartl.,  M.P., 
as  Directors,  which  was  carried  unanimouslv. 

Messrs.  I)eloitte,  Beever,  Griffiths,  ana  Co.,  were  re-elected 
Auditors. 

The  usual  vote  of  thanks  to  the  Chairman  and  Directors  brought' 
the  meeting  to  a  dose. 


WEST  INDIA  AND  PANAMA  TELEGRAPH  COMPANY. 

The  twenty-seventh  ordinary  general  meeting  of  the  proprietors 
of  this  Company  was  held  on  Wednesday  at  AYinchester  House, 
Old  Broad-street;  Mr.  C.  W.  Sarle  in  the  chair. 

In  moving  the  adoption  of  the  report,  the  CludrBuui  said  that 
the  account  was  more  satisfactory  tnan  any  other  which  it  had 
been  in  their  power  to  present  to  the  shareholders.  It  was  not, 
however,  a  good  account  at  best ;  and  as  long  as  the  condition  of 
the  field  in  which  they  worked  remained  as  it  was  now,  he  did 
not  see  the  possibility  of  their  position  ever  being  brilliant. 
But  there  were  still  features  whicm  could  not  but  be  regarded  as 
satisfactory.  The  traffic  receipts  were  slightly  larger  than 
they  had  ever  had  before,  while  the  working  expenses  outside  the 
repairs  had  been  rather  below  the  average,  and  the  result  was  that 
the  net  outoome  was  larger  than  thev  had  ever  previously  shown. 
They  appeared  to  be  within  measurable  distance  of  getting  rid  of 
the  mcuons  which  had  weighed  upon  them  for  so  long  a  period 
in  the  shape  of  arrears  ot  dividend  on  preference  shares.  They 
owed  now  £1.  8s.  fid.  per  share  on  the  second  preferences,  the 
total  being  £6,653,  whereas  in  1884  the  amount  owing  to 
preference  shareholders  was  £65,000.  He  thought  under  the 
circumstancee  they  would  admit  that  good  progress  nad  been  made 
considering  the  poor  traffic  they  enjoyed.  Witn  regard  to  the  Bar- 
badoes  and  Demerara  cables,  be  said  that  they  ^ad  settled  the 
terms  upon  which  a  new  cable  should  belaid  to  Barbadoes,  and  the 
cable  had  been  laid.  They  were  now  in  process  of  negotiation  for 
a  duplicate  oable  to  connect  Demerara  witn  the  system  at  Trinidad. 
Those  works,  however,  would  not  bring  additional  revenue,  because 
they  were  only  duplications;  but  they  would  save  them  from 
loss  and  inconvenience  consequent  upon  interruption  in  the  future. 
The  traffic  accounts  for  the  current  half-year  were  good,  and  he 
had  reason  to  hope  that  better  things  were  coming  on  for  them 
as  well  as  for  the  West  Indies.  They  must  not  expect,  however, 
to  jump  into  dividends,  as  the  West  indies  foimed  an  extremely 
poor  field  for  oceanic  telegraphy. 

Kr.  Ford  seconded  the  motion,  which  was  adopted  after  a  brief 
discussion,  and  the  meeting  closed  with  a  vote  of  thanks  to  the 
Chairman  and  Directors. 


WESTERN  AND  BRAZILIAN  SUBMARINE  TELEGRAPH 

COMPANY. 

The  twentieth  ordinary  general  meeting  of  this  Company  was 
held  at  Winchester  House,  Old  Broad-street,  on  Thursday 
morning,  Mr.  W.  S.  Andrews  in  the  chair. 

The  report  with  accounts  to  June  90  last  was  taken  as  read.  In 
it  the  Directors  stated  that  the  "total  earnings  amount  to 
£89,846.  13a.  9d.,  as  against  £86,555.  17s.  lOd.,  an  increase  of 
£3,290.  15s.  lid.  compared  with  the  half-year  to  June  30,  1889. 
The  working  expenses  amount  to  £40,509.  13s.  3d.,  as  against 
£39,104.  15s.  5d.,  an  increase  of  £1,404.  17s.  lOd.  This  increase 
is  attributable  to  a  larger  sum  having  been  written  off  the  steamers 
on  account  of  depreciation  (£1,031),  to  the  rise  in  the  price  of  coal, 
to  the  opening  of  a  new  station,  and  to  the  larger  volume  of  traffic. 
Including  the  amount  brought  forward  from  1889  (£3,248. 
IBs.  6d.),  and  the  dividend  received  upon  the  shares  held  in  the 
Platiso  Company  to  June  30,  the  balance  to  the  credit  of  the 
revenue  account  is  £59,970.  17s.,  from  which  has  to  be  deducted 
£13,220  for  debenture  interest,  leaving  £46,750.  17s.,  of  which  ( 
£7,590  has  been  placed  to  the  renewal  fund,  and  £5,880  to  the  > 


debenture  redemption  fund.  This  leaves  £33,370.  17s.  The 
Directors  recommend  the  payment  of  a  dividend  of  60.  per 
share,  free  of  income  tax,  on  the  ordinary  shares  for  the  half- 
year,  being  at  the  rate  of  £4  per  cent,  per  annum,  carrying  forward 
£5,751.  7s.  At  the  corresponding  period  last  vear  the  dividend 
was  at  the  same  rate.  Since  the  last  half-year's  report  30 
Platino  shares  have  been  exchanged  for  18  shares  of  this  Company. 
The  dividend  warrants  will  be  posted  on  the  14th  November. 
An  agreement  for  the  absorption  of  the  Montevidean  and 
Brazilmn  Telegraph  Company,  Limited,  will  be  submitted 
for  the  approval  of  the  meeting.  The  undertakings  are 
so  closely  allied  that  it  is  most  desirable  they  should  be 
brought  under  common  control,  and  it  is  now  proposed  to 
purchase  the  above  company  by  an  issue  of  5,300  ordinarv 
shares  of  £15  each  in  tne  Western  and  Brasilian  Telegraph 
Company,  Limited,  ranking  for  dividend  earned  after  1st  January 
next.  The  agreement  at  present  subsisting  provides  for  the  pay- 
ment to  that  company  of  a  percentage  of  the  gross  receipts  of  the 
Western  and  Brazilian  Telegraph  Company,  Limited.  This  pay- 
ment, forming  a  portion  of  the  amount  paid  to  the  London  Platino- 
Braalian  Telegraph  Company,  Limited,  is  a  charge  coming  between 
the  A  and  B  debenture  issue  of  the  Western  and  Brazuian  Tele- 
graph Company,  Limited.  Consequent  upon  the  arrangement  now 
proposed,  toe  proportion  of  this  charge,  hitherto  paid  to  the  Monte- 
videan Company,  will  disappear.  The  Directors  have  the  pleasure 
to  state  that  after  long  and  difficult  negotiation  the  Government 
of  Brazil  have  authorised  the  Company  to  lay  altemativeeoables. 
The  thanks  of  the  Cyompany  are  due  to  the  Crovemment  of  the 
United  States  of  Brazil  tor  this  decision.  Steps  will  now  be  taken 
to  lay  the  lines  immediately  necessary." 

Having  given  some  financial  details,  which  he  said  showed  quite 
an  ordinary  state  of  things,  the  ClialniiAB  remarked  that  this 
did  not  quite  hold  good  with  respect  to  what  he  might  call  the 
political  aspect  of  affairs.  When  they  met  12  montns  ago  they 
were  in  rather  a  parlous  condition,  the  Brazilian  Government 
having  absolutely  refused  to  permit  them  to  lav  loop  cables  ;  in 
other  respects,  too,  the  position  out  in  Brazil  was  extremely 
unsatisfactory,  to  give  a  mild  description  of  it.  Immedi- 
ately after  their  meeting— in  fact,  within  24  hours — there 
was  a  change  of  Government  in  Brazil,  and  instead  of  having 
to  deal  witn  an  Empire  they  had  to  treat  with  a  Republic, 
and  their  experience  of  a  Republican  Government  was  more  satis- 
factory. They  (the  Directors)  did  all  they  could  to  obtain  the 
support  of  the  British  Government,  and  Lord  Salisbury  met  them 
in  a  very  fair  spirit,  and  thev  obtained  a  moral  support  whioh  bad 
greatly  benefited  them,  ana  which,  no  doubt,  was  sppreciated  by 
the  Brazilian  Government.  They  brought  forward  every  point 
they  could ;  their  representative  in  Brazil  was  exceedingly 
active  and  able,  and  had  conducted  the  negotiations  in  a  way 
which  had  earned  the  satisfaction  of  the  Bou^.  They  succeeded 
in  convincing  the  Brazilian  Government,  who  had  seen  that  any 
step  of  that  Kind  must,  as  it  had  already  done,  redound  to  their 
credit  in  the  financial  centres  of  the  world,  and  that  it  must  also 
benefit  the  commerce  of  the  country.  The  loop  cables  were 
finally  authorised  to  be  laid.  In  connection  with  the 
conduct  of  the  negotiations  and  the  activity,  prudence, 
and  discretion  exerclBed  by  the  Board  in  conducting 
them,  he  would  specially  mention  the  valuable  services 
of  Major  Wood,  managing  director,  and  their  worthy 
secretary,  Mr.  R.  M.  Cunningham.  They  were  not  to  suppose 
that  the  laying  of  these  cables  would  produce  increased  revenue ; 
that  was  not  toe  object  of  laying  them.  The  object  was  to  enable 
them  to  fulfil  their  oonoessionid  obligations  more  effectually,  and 
at  the  same  time  to  safeguard  their  line  against  interrup- 
tion, the  benefit  of  that  oeing  that  they  aid  not  sustain 
loss  of  revenue  by  interruptions,  and  to  that  extent  there  was 
a  financial  gain.  The  laying  of  the  cables  would  also  obviate 
their  having  under  their  agreement  with  the  Brazilian  Company  to 
forfeit  a  sum  of  £5,000  a  year.  Having  explained  the  nature  of 
the  ap^reement  to  purchase  the  Montevidean  Telegraphs,  dealt 
with  m  the  report,  the  Glialnnaii  moved  the  adoption  of  the 
report  and  accounts,  whioh  was  seconded  by  Kr.  Xarle,  and 
carried  unanimously. 


NEW  COMPANIES  REGISTERED. 


LoBden  Cailwas  UTamiftMitiirlng  Compaay,  Mmltikl — ^^^^fi^ 
tered  by  H.  Grain,  Bedford-row-chambers,  with  a  capital  of  £2,000 
in  £1  shares.  Object :  to  acquire  licenses  to  manufacture  carbons. 
Most  of  the  articles  of  Table  A  apply. 

Kieetrtoal  Soppllea  and  Fittlnga  CompMisr,  Umitad. — ^Regis- 
tered by  Wilson,  Bristows,  and  Carpmael,  1,  Copthall-buildings, 
£.C.,  with  a  capital  of  £20,000  in  £5  shares.  Object :  to  carry  on 
the  business  of  electricians  and  mechanical  engineers.  The  first 
subscribers  are : 

Shares. 

G.  L.  A.  Rooke,  14,  Keppel-street,  W.C 1 

J.  A.  Roxburgh,  77,  Queen 's-road,  Finsbury  Park 1 

J.  Whitehead,  Heycott,  Crouch  End 1 

T.  B.  Arundel,  1,  Devonshire-street,  Portland-place  ...     1 
W.  L.  Madgen,3,  Princes-mansions,  Victorta-street,S;W.     1 

N.  G.  Bingham,  C.E.,  29,  Notting-hill-terrace    1 

G.  S.  Butler,  15,  Peak-hill,  Sydenham  I 

There  shall  not  be  less  than  three  nor  more  than  nine  Dureotors. 
The  first  to  be  appointed  by  the  subscribers  to  the  memorandum 
of  asBooiation.    Qualification :  £200.    RemunoratioQ  ;  £000,  and 
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one-tenth  of  net  profits  after  8  per  cent,  dividend,  with  the  proviso 
that  the  whole  remuneration  of  the  Board  shall  not  exceed  £1,000, 
the  same  to  be  divisible. 


CITY    NOTES. 


BnudUaa  Submarine  Telegntpli  Company. — The  receipts  of 
this  Company  for  the  past  week  amoanted  to  £5,11*2. 

TlM  Anclo-Amerloan  Telegraph  Company  have  opened  an 
office  for  the  reception  and  delivery  of  telegrams  at  No.  2, 
Northumberland-avenue,  Charing  Cross. 


and  Braifliaii  Telegraph  Company. — The  receipts 
for  the  week  ended  November  7,  after  deducting  the  fifth  of  the 
gross  receipts  payable  to  the  London  Platino-Brazilian  Telegraph 
Company,  were  £3,979. 

Commercial  CaUo  Company. — This  Company  has  opened  a 
branch  office  at  4,  Charing-cross,  S.  W.  (opposite  the  Grand  Hotel), 
and  the  West-end  of  London  is  now  in  direct  communication  with 
the  United  States  and  Canada,  etc. 

Swan  United  Sleotrle  Xdght  Company. — ^Tiie  accounts  for  the 
year  ending  September  30th,  1890,  have  been  before  the  Directors, 
and,  subject  to  audit,  they  have  resolved  to  recommend  the  share- 
holders to  declare  a  dividend  at  the  rate  of  10  per  cent,  per  annum 
at  the  meeting  which  is  to  be  held  on  the  25th  inst. 

Notice  of  BemoTaL — Messrs.  Davey,  Paxman,  and  Co.  inform 
us  that  they  have  removed  their  London  offices  to  larger  and  more 
convenient  premises  situated  at  78,  Queen  Victoria-street,  £.C. 
Telegrams  intended  for  the  London  office  will  be  addressed 
"  Paxman,  London,"  and  their  telephone  number  will  be  1,697. 

Montetrldaan  and  BraitHan  Telegraph  Company. — An  extra- 
ordinary general  meeting  of  this  Company  will  be  held  at  Lang- 
thorn  House,  Copthall-avenue,  E.C.,  on  the  25th  inst.,  at  11.30 
a.m.,  when  resolutions  will  be  proposed  for  the  voluntary  winding 
up  of  the  Company,  the  appointment  of  Mr.  George  Fraser  as 
liquidator,  and  the  approval  of  an  agreement  to  sell  the  Company's 
undertaking  to  the  Western  and  Brazilian  Telegraph  Company. 

Personal — Messrs.  J.  D.  F.  Andrews  and  Co.  have  purchased 
the  goodwill  and  assets  of  the  firm  of  Messrs.  White,  Romanze, 
and  Co.,  of  Kingsbnry-road,  Dalston,  and  3  and  4,  Great  Win- 
chester-street, B.C.,  who  have  been  carrying  on  a  considerable 
business  in  the  manufacture  of  arc  lamps,  switches,  etc.,  and  also 
telephones,  type  printing  instruments,  and  electric  bells,  besides 
many  importajit  electric  light  contracts.  Messrs.  Andrews  and 
Co.  intend  continuing  all  the  manufactures  hitherto  carried  on  by  the 
late  firm,  but  they  are  about  to  remove  the  machinery  from  Dalston 
at  an  early  date  to  more  commodious  premises.  Mr.  F.  White,  of 
the  above  firm,  who  is  well  known  In  connection  with  electric  light 
and  telephone  work,  has  assumed  the  position  of  manager  with 
Messrs.  Andrews  and  Co. 


PROVISIONAL  PATENTS,  1890. 


NOVEHBSB  3. 

17580.  Improvomonta  In  the  deoorattTO  amngement  of  olootrlo 
lights.  John  Macintosh  Maekay  Munro,  154,  St.  Vincent- 
street,  Glasgow. 

17580.  ImproTttd  moans  for  lighting  atreet  gaa  lamps  hy  eleo- 
trio  spark.     Charles  Bamett,  Latimer-road,  Godalming. 

17800.  An  elsetrteal  switoh  Ibr  opsnlng  and  olosing  of  elronits, 
switOhlsg  on  ovrrsnts,  and  so  forth.  Albert  Charles 
Lainchbury,  12,  Folkestone-road,  Upper  Edmonton. 

17611.  Improved  eleotrieal  pnah-bntton  for  signalling  oireuits. 

Charles  Denton  Abel,  28,  Southampton-buildings,  London. 
(Heinrioh  Measing,  Grormany.) 

17631.  Improvements  in  or  relating  to  eleotrio  ao^nmnlators. 

Peter  Lanber,  923,  High  Holbom,  London. 
17635.  Improvements  in  Oleotrodes  and  isolators  or  divisions 

for  batteries.  Paul  Schoop,  46,  Lincoln's-inn-fields,  London. 

NOVBMBJEB  4. 

17600.  Method  of  and  apparatus  for  obtaining  eleotrioity  by 
hydranlio  power.  Charles  Adams  Randall,  3,  Woodstock - 
road,  Bedford  Park,  London. 

17711.  Improvements  in  means  for  the  distribntion  of  eleo- 
trioity.    Henry  Edmunds,  47,  Lincoln's-inn-fields,  London. 

17728.  Improvements  in  eleotrio  railwajrs.  Mark  Wesley 
Dewev,  45,  Southampton-buildings,  London.  (Complete 
specification.) 

17735.  Improvements  in  nntomatio  regnlators  for  dsmamos  and 
motors.  Fremont  John  Cleaver  and  George  Fassold,  53, 
Chancery-lane,  London.     (Complete  specification.) 

NOVSMBXR  6. 

17820.  Improvement  in   ineandesoent   lamp-holders   or   sns- 

ponders.     James  Edward  Charnock,   New  Bridge-street, 

Manchester.    (Clement  Charnock,  Russia.) 
17851.  Improvements  in  eleotrio  thermostats  for  ships'  bunkers, 

reft1gemting-rooms»  and  other  purposes.    Henry  Binko, 

34,  Leadenhall -street,  London. 


17861. 

17863. 
17870. 


17899. 

17905. 

17912. 
17919. 

17929. 

17937. 
17940. 
17941. 


17951. 


17954. 


17976 


17987. 


18a34. 


Improvements  in  the  mannfhotnre  of  Oleetrioal  eondno- 
tors  and  eleotrodes,  and  for  oonneoting  them ;  and  far 
other  analogous  purposes.  Julius  Marx,  47,  Lincoln's- 
ina -fields,  London. 

Impr«>vements  in  portable  Oleetrio  lamps.  Mads  Peter 
Hnrdt,  433,  Strand,  London. 

An  improved  make  and  brake  notion  adapted  to  tho 
purpose  of  an  eleotrio  switoh.  William  McGrOOch, 
Temple-chambers,  London. 

NOVEMBEB  7. 

An  improved  self-looking  eleotrio  swittih.  William 
Lownds,  Elliott  Emanuel,  and  Joseph  Wood,  of  the  firm  of 
A.  Emanuel  and  Sons,  Limited,  Fairlawn  Park,  Chiswick, 
London. 

An  induotion  transformor  ooil.  and  methods  of  using 
the  same  for  telephone  oaU  bells  and  other  purposes. 
Carl  Thomas  Blanch  Brain,  Helsby,  near  Warrington. 
An  eleotrioity  meter.    James  Thomson  Bottomley,  154, 
St.  Vincent-street,  Glasgow. 

Improvementa  in  eleotrio  energy  meters.  Roger  Joseph 
Francis  Mostyn,  30,  Maitland-park-road,  Haverstock  HOI, 
London. 

Improvementa  in  or  oonneoted  with  armatures  Cor 
dynamo-eleotrio  maohlnes.  Bronislas  Rejchmao,  Norfolk 
House,  Norfolk-street,  London. 

Improvements  in  and  relating  to  eleotrio  Innvs 
or  lighting  apparatus.  Frederic  Victor  Maquaire,  45, 
Southampton- buildings,  London. 

Improvementa  in  are  lamps.  Siemens  Broe.  and  Co., 
Limited,  28,  Southampton -buildings,  London.  (Siomena 
and  Halske,  Germany.) 

Improved  means  for  oharging  aooumulator  battorieu  on 
eleotrio  oironito  snppUed  by  eurrent  generators.  Siemens 
Bros,  and  Co.,  Limited,  28,  Southampton -buildiuKS,  Lon- 
don. (Siemens  and  Halske,  Germany.) 
Improvements  la  eleotrio  switches.  Henry  Harris  I^ike, 
45,  Southampton-buildings,  London.  (Frederick  Clarence 
Jenkins,  Germany.) 

Improvemenu  in  oleetrioal  aocumulators  or  storage 
batteries.  Henri  Louis  Mangras,  323,  High  Holbom, 
London. 

November  8. 

Improvements  in  means  Woir  firing  ordnanee  ehnrges 
by  eleotrioity.  George  Quick,  Glenbank,  Carlton-road, 
Bournemouth. 

Improvements  in  eleotro-medioal  applianoes.     William 

Randolph  Varney,  5,  Magdala-buildings,  Weston-super- 
Mare. 

An  improved  electrlo  switoh.  George  Frederick  Kedfem, 
4,  South-street,  Finsbury,  London.  (Adolf  Schirner.) 
(Complete  specification.) 


SPECIFICATIONS  PUBLISHED. 

1880. 

13069.  Field  telegnq^.     Glen.     8d. 
16^.  Ueotrioal  mains.     De  Ferranti.     8d. 
18350.  Djmamo-eleotrio  niaohines.    Davies.     8d. 
18755.  Seoondary  batteries.     Reckenzaun.    fid. 
19011.  Dynamo-eleotrio  maohlnes.    Hopkinson.     8d. 
19190.  Induction  ooils,  eto.     Lovell  and  Lloyd,     fid. 

19554.  Altematipg-onrrent     generators.     Von    Dolivo-Dobro- 
wolsky  and  others.     1  Id. 

19555.  Bleotrioal  induotion  transformers.    Von   Dolivo-Dobro- 
wolsky  and  others.    8d. 

1890. 

3094.    meotrio  lamps.     The  Mining  and  (leneral  Electric  Lamp 

0>mpany,  Limited,  and  others.     8d. 
11657.  Xieotrio  dental  plnggers.    Gibbs.     8d. 
12777.  Xieotrio  oondnotors.    Gould  and  Schalk.     6d. 

14603.  Xieotrio  slgnalll'ig.   Lake  (the  Hall  Signal  Company).   8d. 

14604.  Heating  metals,  etc.,  by  eleotrioity.     Dewey.     8d. 
19892.  Welding  metal  by  eleotrioity.    Fowler.    6d. 


COMPANIES'  STOCK  AND  SHAR£  LIST. 


Anglo-American  Brush 

—  Pref.     

India  Rubber,  Gutta  Percha  k  Telegraph  0> 

House*  to- House 

Metropolitan  Electric  Supply   « 

London  Elecnic  Supply 

Swan  United    

Crompton  k  Co.,  Prdf.  

National  Telephone    

Eleotrio  ConatractioD 


Price 

Pkid. 

Wediirs 

day 

_ 

H 



2 

10 

20 

5 

5 

.^ 

51 

5 
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6i 

— 

H 
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6i 

10 

8 
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NOTES. 


U  a  small  Swiss  town,  is  to  be  lighted  electrically. 

Dmry  Lane  Theatre. — Drury  Lane  Theatre  is  being 
fitted  with  electric  light. 

Ryde  Pier. — ^A  20-h.p.  Stockport  gas  engine  is  being 
erected  for  electric  lighting  at  Ryde  Pier. 

Chnroh  lAghtkag. — ^Electric  lights  have  been  intro- 
duced into  St.  John's  Church,  Eennington. 

Daventry  will  not  consent  to  Messrs.  Latimer  Clark, 
Muirhead,  and  Co.'s  applying  for  an  order. 

Amerlea.— It  is  stated  that  £23,752,000  represents  the 
capital  invested  in  electric  lighting  in  the  States. 

Segovia  has  an  installation  of  600  incandescents.  The 
motor  is  a  turbine.    Senor  H.  Bentabol  was  the  engineer. 

PeraonaL — ^Lord  Sayleigh  has  been  appointed  an 
honorary  member  of  the  Bavarian  Boyal  Academy  of 
Science. 

Honeea  of  ParUament. — Several  additional  rooms 
have  been  wired  during  the  recess,  and  will  be  lighted  in 
the  coming  session. 

New  Switelies.  —  We  understand  that  the  Acme 
Works  are  bringing  out  a  new  and  improved  switch  for 
secondary  main  circuits. 

The  Uneoln  Coiiaty  Connell  are  charging  the 
National  Telephone  Company  5s.  per  mile  for  the  right  to 
erect  and  maintain  posts. 

Re^entHitreet  Maine. — Huge'  Siemens  insulated 
mains  are  being  laid  in  Regent-street  as  secondary  mains 
for  the  London  Electric  Supply  Corporation. 

An  Exhibition,  which  will  include  an  electrical  section, 
IB  to  be  opened  at  Bordeaux  on  the  1st  May  next.  The 
offices  are  at  7,  AIl6e  de  Tourny,  in  that  city. 

Cantor  Iiooturee. — On  Monday  next,  at  8  p.m.,  Prof. 
Vivian  B.  Lewes  will  give  the  first  of  the  Cantor  lectures  on 
'*Oaseous  Uluminants,"  at  the  Society  of  Arts. 

Prof^  Swing;,  of  University  College,  Dundee,  has  been 
elected  to  the  chair  of  mechanism  and  applied  mechanics 
at  Cambridge,  vacant  by  the  resignation  of  Mr.  Stuart 

Britiflh  Colnmbla. — The  contract  for  building  a 
central  station  at  New  Westminster,  which  was  let  to  Mr. 
E.  Bums  some  month  or  two  ago,  is  to  be  completed  by 
the  29th  instant 

Bnenoe  Ayres. — Messrs.  Terity  and  Sons  have  lately 
completed  an  installation  of  700  lights  in  Buenos  Ayres — 
begun  some  time  ago,  but  stopped  on  account  of  the 
Argentine  revolution. 

Personal. — ^M.  Marcel  Depres,  the  well-known  electrical 
engineer,  has  been  Appointed  to  the  chair  of  electricity  at 
the  Paris  Conservatoire  des  Arts  et  Metiers;  MM.  Hospitalier 
and  Mercadier  were  also  candidates. 

Boumemonth. — ^At  the  last  meeting  of  the  Improve- 
ment Commissioners  the  application  of  the  National  Electric 
Supply  Company,  for  consent  to  a  provisional  order,  was 
referred  to  the  newly-elected  Council. 

The  Telephone  in  Hants. — ^The  Hants  County 
Council  have  contracted  with  the  Western  Counties  and 
South  Wales  Telephone  Company  for  int^r-telephonic 
oommunicatioo  between  police  stations. 


Falkirk  (Sootland).— The  Lighting  Committee  have 
decided  to  invite  tenders  for  supplying  electric  light  in  the 
principal  thoroughfares  of  the  town,  (xas  is  so  dear  and  so 
nasty  that  Falkirk  desires  no  more  of  it 

Royal  Sooietj. — ^Yesterday  afternoon  (Thursday)  Prof. 
J.  Y.  Jones  was  to  read  a  paper  on  "  The  Spedfio  Besia- 
tance  of  Mercury  in  Absolute  Measure,"  and  Dr.  Hopkinson, 
F.RS.,  one  on  "  Magnetism  and  Becalescence." 

Oravesend. — ^The  compulsory  area  here  is  limited  to 
New-road,  King-street,  Milton-road,  as  far  east  as  Holy 
Trinity  Church,  High-street,  Windmill-street,  as  far  south 
as  and  including  Woodville-gardens,  and  Bailway-plaoe. 

Anstralian  Cables. — The  Hon.  John  Gavan  DuSy, 
Postmaster-General  in  the  new  Cabinet  of  Victoria,  has 
expressed  himself  in  favour  of  the  cable  guarantee,  notwith- 
standing the  refusal  of  Queensland  and  New  Zealand  to 
bear  a  share. 

Bladrid, — The  two  stations  here,  one  belonging  to  the 
House-to-House  and  the  other  to  a  German  company,  have 
in  hand  orders  for  about  17,000  lamps.  The  price  is  over 
Is.  2d.  per  unit  The  price  for  gas  in  Madrid  is  8s.  per 
1,000  cubic  feet 

Coventry  has  determined  to  limit  its  compulsory  area 
under  the  Electric  Lighting  Acts  to  Broadgate,  Smithford- 
street,  Fleet-street,  High-street,  Earl-street,  Jordan-well, 
Hertford-street,  Cross-cheaping,  Surges,  Hay-lane,  Priory- 
row,  and  Bayley-lane. 

Leaminffton. — The  Corporation  advertisement,  giving 
notice  of  their  intention  to  apply  for  an  order,  is  out,  and 
from  it  we  gather  that  the  compulsory  area  will  include 
High-street,  Bath-street,  Victoria-terrace,  The  Parade, 
Begent-street,  and  Warwick-street 

Award. — On  Wednesday  evening,  after  his  address  to 
the  Society  of  Arts,  the  President  (Sir  B.  Webster)  pre- 
sented the  sUver  medal  of  the  society  (among  others)  to 
Dr.  J.  A  Fleming,  for  his  paper  on  *<  Prof.  Elihu  Thomson's 
Electromagnetic  Induction  Experiments." 

Dover. — ^The  cost  of  obtaining  orders  was  illustrated 
at  the  last  meeting  of  the  Dover  Town  Council  by  a  coun- 
cillor calling  attention  to  the  fact  that  the  expenses  up  to 
date  under  this  head  had  been  £400.  No  less  than 
£102.  10s.  of  this  amount  was  for  printing. 

Book  ReoeiTed. — "Anleitung  sum  Bau  Elektrischer 
Haustelegraphen,  telephon,  und  blitzableiter-Anlagen/'  or, 
'^A  Handbook  on  the  Construction  and  Maintenance  of 
Domestic  Telegraphy,  Telephones,  and  Lightning  Con- 
ductors," published  by  Herren  Mix  and  Gtonest,  of  Berlin. 

Iiondon  Central  Railway. — The  promoters  of  this 
line  are  taking  heart  of  grape,  and  intend  to  apply  to  Parlia- 
ment again  next  session  for  powers  to  construct  an  electric 
railway  from  the  terminus  of  the  City  and  South  London 
Bailway  in  Ring  William-street  to  QueenVroad,  Bayswater. 

New  Paper. — We  have  received  the  first  copy  of  a  new 
venture  in  electrical  journalism,  entitled  EleciricUy.  It  is 
edited  by  Dr.  Julius  Maier  and  published  by  Messrs.  Swan, 
Sonnenschein,  and  Co.  The  chief  point  about  this  little 
weekly  is  that  it  can  be  purchased  with  the  humble  penny. 

The  Telepbone  at  Leamington. — ^The  United 
Telephone  Company  are  desirous  of  beginning  operations 
here,  and  promise  as  soon  as  12  subscribers  are  found  to 
open  an  exchan^.    The  subscriptions  are  to  be  £10  per 
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annum  for  first  oonneotioni  and  Sn,  lOs.  for  every  subse- 
quent  one. 

Barrow. — ^The  (Corporation,  who  have  an  order,  have 
issued  invitations  to  all  business  or  private  persons  who 
would  be  disposed  to  take  the  electric  light  for  their  homes 
or  shops  to  send  in  their  names,  so  that  they  may  consider 
the  advisability  or  otherwise  of  supplying  the  borough  with 
this  light. 

Bleotrie  Trades'  Section. — ^The  chairman  and  the 
two  vice-chairmen — ^Mr.  Crompton,  Mr.  Grarcke,  and  Major 
Flood-Page — have  agreed  to  act  as  an  executive  committee, 
instead  of  appointing  a  secretary  in  place  of  Mr.  Trotter 
resigned,  and  the  London  Chamber  of  Commerce  will 
allow  the  use  of  a  clerk. 

Loiiflr"I>lfltaiice  Telephony. — ^The  National  Telephone 
Company,  Limited,  announce  that  the  trunk  line  between 
the  London,  Manchester,  Liverpool,  and  Birmingham  ex- 
changes is  now  open  to  the  public.  The  charge  for  three 
minutes'  conversation  is  3s.  to  Manchester  and  Liverpool, 
and  Is.  6d.  to  Birmingham. 

London  Electrio  Supply  Corporation. — A  fire 
occurred  at  this  company's  temporary  premises,  Blomfield 
place.  New  Bond-street,  W.,  on  Saturday  last,  owing  to 
the  formation  of  an  arc  and  want  of  presence  of  mind  of  an 
employ^  combined.  We  have  alluded  to  the  matter  in 
detail  in  our  leader  this  week. 

IX^ndsor. — ^Mr.  Wm.  Beach,  treasurer  of  the  borough 
of  Windsor,  and  auditor  of  the  Windsor  Gras  Company, 
has  been  appoint-ed  auditor  of  the  Windsor  and  Eton 
Electric  Light  Company.  The  Urban  Sanitary  Authority 
have  appointed  an  Electric  Light  Committee,  consisting  of 
the  whole  of  the  members  of  that  body. 

More  Hlflrli  Voltage. — ^Mr.  Gisbert  Kapp  has  been 
testing  with  14,000  volts  on  the  Brooks's  liquid  insulation 
system  at  Messrs.  Johnson  and  Phillips's  works  at  Charlton, 
Kent.  The  mineral  oil  of  the  Brooks's  system  would  thus 
seem  to  be  aiming  for  a  rivalry  to  the  celebrated  paper 
and  black  wax  insulation  of  the  Ferranti  system  for  the 
transmission  of  extremely  high  voltages. 

Institution   of  Kleetrioal    Snglneere. — ^At   the 

meeting  on  the  27th  instant,  there  will  be  an  adjourned 
discussion  on  the  following  papers — "The  Efficiency  of 
Secondary  Cells,"  and  "  On  the  Chemistry  of  Secondary 
Cells,"  by  Prof.  W.  K  Ayrton,  F.RS.,  vice-president,  C.  G. 
Lamb,  B.Sc.,  and  K  W.  Smith,  associates. 

Cardlft — ^The  compulsory  area  at  Cardiflf  includes  the 
following  streets :  Queen-street,  Duke-street,  Castle-street, 
High-street,  Saint  Mary-street,  Saint  John-street,  Working- 
street,  The  Hayes,  Trinity-street,  Wharton-street,  Church- 
street,  Caroline-street,  Custom  House-street,  and  Bute- 
street  from  Custom  House-street  to  The  Hayes. 

0«S,A» — ^A  Cinderella  dance  will  be  held  at  the  West- 
minster Town  Hall  on  Friday,  December  12th.  Tickets 
(3s.  6d.  each)  may  be  obtained  from  Miss  Walter,  38, 
Woodbury-grove,  Finsbury  Park,  N. ;  Dr.  W.  E.  Sumpner, 
Central  Institution,  South  Kensington ;  Mr.  H.  B.  Bourne, 
41,  Priory-road,  Bedford  Park,  W. ;  or  any  other  of  the 
members  of  the  committee ;  or  from  the  hon.  sec. 

Harrogate. — The  Town  Council  have  resolved  to  light 
the  whole  of  the  borough  with  the  electric  light,  and  that 
action  be  taken  on  the  matter  within  the  next  two  years. 
The. Mayor  (Mr.  Sampson  Fox)  was  averse  to  the  proposal; 
but  Ion  its  being  carried  by  the  Council,  he  expressed  his 


willingness  to  assist  in  every  way  to  carry  it  out  with 
success, 

Strond  (Gloneester).  —  A  meeting  promoted  by 
Messrs.  V.  A.  Lawson  and  R  N.  Witchell,  of  Stroud,  was 
held  at  the  Subscription-rooms  last  week  to  consider  a 
proposal  to  light  the  town  by  means  of  electricity. 
The  meeting  passed  a  resolution  approving  of  the  scheme, 
and  recommended  the  appointment  of  a  committee. 

New  Tramway. — ^At  the  last  meeting  of  the  Black- 
pool Town  Council,  a  letter  was  read  from  Mr.  Charles 
Chadwell,  C.E.,  enquiring  if  the  Corporation  would  give 
their  assent  to  the  construction  of  a  tramway  from  Lytham 
and  St  Annes  to  and  into  the  borough,  to  be  worked  by 
storage  cars.  The  Council  declined  to  move  without 
further  particulars. 

Hiffli  Voltage  TranBmlsalon.  —  The  Oerlikon 
Company  are  erecting  a  long-distance  transmission  of 
power  on  the  Kapp  system  for  the  Frankfort  Exhibition  at 
10,000  volts.  The  current  will  be  generated  at  ordinary 
alternating  current  pressure  about  2,000  volts,  and  trans- 
formed up  to  the  10,000  volts,  transmitted  along  bare  over- 
head wires  carried  on  oil  insulators,  and  again  reduced  at 
the  exhibition  end. 

Ship  Uglitinff. — The  Naval  Construction  and  Arma- 
ments Company,  of  Barrow-in-Furness,  have  secured  a 
subsidy  from  the  Dominion  Government  for  the  new  fast 
Atlantic  liners  which  they  are  to  build.  These  steamers 
are  to  have  a  speed  of  not  less  than  20  knots,  and  will  be 
lighted  electrically.  The  contract  for  the  lighting  has  not 
yet  been  given  out. 

Blaekpool  Tramway. — ^The  report  of  the  directors 
of  the  Blackpool  Tramway  Company,  which  will  be  found 
elsewhere,  is  satisfactory,  though  there  has  been  a  slight 
falling  off  in  receipts  as  compared  with  the  previous  year. 
This,  however,  is  accounted  for  by  the  fact  that  the  number 
of  miles  run  by  the  cars  is  2,000  less  than  last  year.  The 
directors  recommend  a  dividend  of  7^  per  cent. 

The  Bmsli  Company's  Show  Room. — So  many 
enquiries  are  constantly  addressed  to  the  Brush  Company 
for  particulars  as  to  the  wiring  of  houses  and  the  artistic 
fittings  appertaining  thereto,  difficult  of  satisfactory 
solution  at  their  Lambeth  premises,  that  they  have  deter- 
mined to  start  a  West  end  showroom,  which  will  be  opened 
almost  immediately  at  Langham  House,  Begent-street. 

Swan  United  Company. — ^The  twenty-fifth  ordinary 
genera]  meeting  of  this  company  is  to  be  held  at  Cannon- 
street  Hotel  on  Tuesday  next,  at  12  o'clock.  The  report  is 
published  in  this  issue,  and  it  will  be  seen  that  the  directors 
recommend  a  dividend  for  the  year  of  10  per  cent.  The 
patent  suits  in  Germany  and  France  are  expected  to  be 
settled — the  first  named  before  Christmas  and  the  second 
in  the  spring. 

Telephone  Messaeree  In  Paris. — An  innovation  was 
introduced  here  at  the  beginning  of  the  month.  Anybody 
can  send  from  a  telephone  call  office,  or,  if  a  subscriber, 
from  his  house,  a  message  to  one  of  eight  selected  tele- 
graph offices  in  Paris.  This  will  be  written  out  there  and 
conveyed  to  the  address  named  in  the  message.  It  must 
not  contain  more  than  100  words,  and  is  charged  at  the  rate 
of  half  a  franc. 

City  and  South  London  Railway. — We  notice  that 
the  magistrate  of  the  Lambeth  Court  has  decided  against 
the  railway  company  in  the  action  brought  by  the  London 
County  Council  tp  compel  them  tQ  set  bac^  their  station 
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buildings  to  the  building  line.  An  order  was  made  for  the 
demolition  of  so  much  of  the  stations  as  projected  beyond 
the  line,  but  on  the  application  of  the  Company  a  case 
was  stated  for  consideration  in  the  superior  courts. 

Presentatioii, — On  Saturday  last  the  employes  in  the 
electrical  department  of  the  Clydebank  Shipyard  Company 
presented  the  foreman,  Mr.  W.  Bass,  with  a  silver  chain 
and  appendage  with  inscription.  The  presentation  was 
made  at  Stark's  Bestaurant,  Clydebank,  by  Mr.  Young, 
electrician  to  the  company.  Mr.  Bass  is  leaving  Clyde* 
bank  to  act  as  foreman  for  a  London  firm,  who  are  having 
several  steamers  built  in  Belfast  which  are  to  be  electrically 
lighted. 

Wokinff. — ^The  Woking  Electric  Supply  Company,  the 
starting  of  whose  plant  we  noticed  last  week,  state  that 
agreements  have  been  made  for  supplying  between  600  and 
700  lamps,  and  it  is  anticipated  that  the  remaining  1,400 
lamps  will  very  soon  be  applied  for,  and  that  the  profit, 
after  paying  working  expenses,  and  making  all  proper 
deduction  for  depreciation  of  plant  and  buildings,  will  be 
sufficient  to  pay  a  dividend  of  11  per  cent,  upon  a  capital 
of  £12,000. 

Stockport's  compulsory  area  under  the  Corporation 
order  (when  obtained)  is  to  consist  of  St.  Petersgate  Bridge, 
from  the  north  side  of  Little  Underbank  to  the  Market- 
place, the  Market-place,  Little  Underbank,  Lower  Hillgate 
— from  little  Underbank  to  Dumville's-brow,  being  about 
95  yards  north  of  the  north  side  of  Wellington  street, 
Great  Underbank — from  Little  Underbank  to  Bridge-street, 
Bridge-street,  and  Heaton-lane— from  Bridge-street  to 
Brook-atreet. 

Mach  Neoded. — A  daily  paper  speaking  of  the  light- 
house at  Cape  Yillano  which  should  have  warned  the 
officers  of  H.M.S.  "  Serpent "  of  their  position  before  it  was 
too  late,  but  which  is  far  too  feeble  to  be  of  any  good,  says 
that  the  Spanish  lighthouse  administration  have  proposed 
the  establishment  of  a  first-class  lighthouse  with  electric 
light  in  its  place.  The  project  is  under  the  consideration 
of  the  engineer  of  the  province  of  Corunna,  who  is  to 
furnish  a  report  as  soon  as  possible. 

Windsor  Castle, — From  the  paragraphs  which  have 
been  flitting  around  in  the  papers,  one  would  think  that 
Windsor  Castle  had  only  just  been  lighted  electrically, 
whereas  Mr.  Massey  introduced  incandescents  years  ago. 
A  very  small  portion  of  the  castle  was  lighted  to  begin 
with,  and  other  rooms  have  been  wired  from  time  to  time, 
the  latest  being  the  library.  At  the  present  rate  of  pro- 
gress it  will  take  some  years  before  the  whole  of  the 
"  venerable  pile  "  is  up  to  date  so  far  as  illuminants  go. 

Chain  Motors. — ^One  of  the  latest  motors  designed  by 
Mr.  Albion  T.  Snell  for  coal  mines  obviates  the  disadvant- 
ages of  the  excessive  weight  of  the  locomotive  needed  to 
gain  sufficient  friction  on  stiff  inclines,  by  having  a  con- 
tinuous chain  gear.  The  chain  is  fixed  at  each  end  of  the 
gallery,  and  passes  around  the  sprocket  wheel  of  the  elec- 
tric motor  on  the  locomotive,  thus  hauling  the  train  of 
trucks  along.  This  arrangement  has  been  found  far  more 
practical  in  special  cases  than  the  simple  locomotive  for 
hauling. 

Soarborouffh. — The  Town  Council  having  called  in 
Mr.  Bernard  Drake  (Drake  and  Gorham)  to  report  on  (1) 
the  best  system  of  lighting  to  adopt ;  (2)  the  local  conditions 
under  which  the  light  must  be  supplied  ;  (3)  the  question 
of  street  lighting ;  (4)  the  attitude  of  the  Board  of  Trade ; 
and  (5)  the  position  generally  of  the  Corporation  under 


the  provisional  order  which  they  obtained  in  1883,  have 
decided,  in  accordance  with  Mr.  Drake's  conclusions,  to 
obtain  a  new  order  containing  the  model  clauses  approved 
by  the  Board  of  Trade. 

Photography  and  Bleotrioal  Thoorlos. — In  the 

course  of  his  presidential  address  to  the  Society  of  Arts,  on 
Wednesday  evening,  Sir  B.  Webster,  speaking  of  photo- 
graphy and  its  possibilities,  especially  in  the  direction  of 
coloured  photographs,  said:  "It  was  interesting  to  note 
that  the  theories  of  Clerk  Maxwell  with  regard  to  elec- 
tricity, and  the  experiments  of  Prof.  Oliver  Lodge  and  Sir 
Archibald  Campbell,  might  verify  the  somewhat  crude  sug- 
gestions of  M.  Claudet  as  to  the  real  agency  which  operated 
in  producing  a  photographic  image." 

Mine  Lighting. — Herr  P.  Ringsrlorff  has  just  fitted  up 
an  installation  at  the  "  Gustavo  "  coal  mines  in  Germany. 
Eight  arcs  and  100  incandescents  light  the  engine-room, 
offices,  and  other  departments  above  ground.  We  give  in 
another  column  extracts  from  an  address  to  the  Manchester 
Geological  Society  by  Mr.  J.  S.  Burrows,  on  the  subject  of 
lighting  and  power  transmission  for  mines.  With  reference 
to  his  remarks  as  to  coal-cutting  machines,  unless  wo  are 
misinformed  it  will  not  be  long  before  he  will  have  an 
opportunity  of  seeing  one  at  work  in  his  district 

Catalogue  of  Teohnioal  Books. — The  Britannia 
Company,  of  Colchester,  have  issued  a  handy  "Buyer's 
Guide  to  Technical  Books  in  the  Mechanical  Arts."  The 
books  are  indexed  alphabetically  under  their  titles,  and 
arranged  in  an  alphabetical  classification  according  to  the 
subject  dealt  with.  At  the  end  is  an  index  of  authors' 
names,  so  that  the  convenience  of  those  using  the  catalogue 
has  been  very  carefully  studied.  The  price  post  free  is  6d., 
and  we  have  no  doubt  that  this  little  compilation,  which 
has  arisen  out  of  the  needs  of  the  company  itself,  will  prove 
useful  to  many  of  our  readers. 

Are  Clinkers  Trade  Retase  ? — ^The  St.  Martin's 
Vestry  said  they  were,  and  demanded  extra  payment  for 
removing  them.  The  Hotel  Metropdle  proprietors  said 
nay,  and  were  hauled  over  the  coals  in  the  law  courts  to 
defend  their  position.  It  has  now  been  definitely  settled 
that  clinkers,  even  though  formed  in  boilers  which  are  used 
to  supply  steam  for  {inter  alia)  electric  light  machinery, 
come  under  house  refuse  and  must  be  removed  by  the 
Vestry.  For  hotels  and  other  business  houses  having  their 
own  engines  and  boilers  this  is  an  important  and  reassuring 
termination  to  an  obstinately  contested  lawsuit. 

Liverpool  Overhead  Railway. — Work  on  this,  the 
first  overhead  electric  railway,  is  progressing.  The 
line,  when  completed,  will  be  5f  miles  long.  The 
foundations  have  been  put  in  for  two  miles,  and  the  columns 
have  been  erected  for  over  a  mile,  while  three-quarters  of  a 
mile  of  the  permanent  way  has  been  completed.  The  most 
difficult  part  of  the  work  has  been  got  over,  and  it  is 
expected  that  the  foundations  and  columns  of  the  northern 
section  will  be  completed  up  to  Nicholas's  Church  by 
February  next.  The  work  on  the  southern  section  is  also 
about  to  be  commenced.  The  line  will  be  worked  by 
electric  locomotives. 

Cable  Conunnnioation  with  Lightships. — ^It  is 

stated  that  the  German  Post  Office  have  offered  to  have 
one  of  Captain  Harrsen's  patent  cables  (or  rather,  we 
suppose,  the  patent  means  of  connecting  it  with  the  lights 
ships,  wherein  all  the  difficulty  in  this  class  of  work  lies) 
laid  and  tried  at  its  own  expense.    Experiments  of  this 
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nature  have  been  made  on  the  English  coast,  but,  so  far, 
the  Trinity  House  does  not  seem  to  have  been  satisfied  as 
to  the  practicability  of  the  devices  used  to  prevent  the 
cable  kinking.  If  Captain  Ebrrsen  and  the  (German  Post 
Office  make  a  success  of  the  proposed  trials  they  will  have 
conferred  a  boon  on  mariners. 

Manohefltter-Sqaare  Station.— The  latest  station  of 
the  Metropolitan  Electric  Supply  Corporation  at  Man- 
chesterHsquare  is  more  complete  in  many  respects  than  their 
Sardinia-Street  station,  more  especially,  perhaps,  in  respect 
to  that  important  part  of  dynamo  machinery — the  steam- 
piping.  The  arrangement  of  the  steam-piping  at  Man- 
chester-equarehasbeen  most  carefully  planned  out  so  that  the 
best  use  is  made,  and  a  duplicate  path  is  always  in  force  in 
case  of  accident,  and  the  credit  of  this  part  of  the  work 
should  be  given  where  it  is  due,  to  Mr.  Bosenthal,  London 
manager  of  Messrs.  Babcock  and  Wilcox,  whose  plans  have 
been  adopted  after  approval  by  the  company's  engineer. 

Birkbeok  Idterary  aad  Sclentiflo  Instltntlon,— 

This  institution  held  its  sixty-seventh  annual  meeting  on 
Wednesday,  when  the  chair  was  taken  by  the  Bight  Hon. 
the  Earl  of  Northbrook,  and  the  prizes  were  distributed  to 
the  successful  students  by  Sir  John  Lubbock.  Speeches 
were  made  by  various  gentlemen  during  the  evening,  and 
special  attention  was  called  to  the  importance  of  obtaining 
a  thorough  knowledge  of  electricity  and  electrical  engineer- 
ing. Reference  was  made  to  the  great  progress  which  had 
been  made  in  electricity  as  a  motive  power,  and  the  pros- 
pect of  its  still  greater  advancement  in  the  immediate 
future,  and  the  students  were  recommended  to  obtain  as 
thorough  a  knowledge  of  the  science  as  possible. 

Paris. — The  streets  of  Paris  have  been  in  a  great  state 
of  upheaval  for  the  last  month  or  so.  At  all  corners,  and 
down  many  main  boulevards,  deep  trenches  are  cut,  and 
barricades  of  a  more  peaceful  kind  than  seen  in  other  years 
have  stopped  the  progress  of  the  promenaders.  The  Popp 
Company  seems  most  active  in  these  undertakings,  though 
other  companies  are  also  engaged.  A  Parisian  comic  paper 
issues  a  cartoon  showing  the  map  sellers  of  Paris  selling 
maps  with  the  streets  ''  still  passable  "  painted  in  red.  The 
systems  mostly  favoured  are  huge  bare  copper  cables, 
slung  oh  china  insulators,  as  in  Crompton's  system — and 
also  large  and  heavily-insulated  cables,  buried  direct  in  the 
dry  brickdust-like  soil  on  which  Paris  seems  to  be  built 

City  Lighting. — ^At  the  last  meeting  of  the  Commis- 
sioners of  Sewers,  the  chief  clerk  read  a  letter  from  Mr.  F. 
Kite,  who  had  been  instructed  by  the  Laing,  Wharton,  and 
Down  Syndicate  to  state  that  they  had  abandoned  their 
intention  of  proceeding  with  their  application  to  the  Board 
of  Trade  for  a  provisional  order  for  the  west  district.  The 
decision  to  put  the  lighting  of  this  district  open  to  tender 
had  placed  his  clients  in  a  somewhat  difficult  position,  inas- 
much as  their  accepted  terms  and  prices  for  the  east  district 
had  already  become  public  property,  and  in  consequence 
they  considered  that  they  were  placed  at  a  disadvantage  in 
competing  with  other  firms  who  were  already  in  possession 
of  that  knowledge.  The  letter  was  referred  to  the  Streets 
Committee. 

bisoontiniianoe  of  the  Northfleet  Electric 
Railway.— It  has  been  decided  to  discontinue  running 
the  electric  tramway  on  the  series  electrical  conduit  system 
at  Northfleet,  after  having  been  in  oj>eration  for  the  last  18 
months  The  line  was  established,  as  is  well  known, 
mainly  for  demonstrative  purposes,  and  its  object  having 
now   been    obtained    there   is     no    further    reason    for 


incurring  the  large  expense  necessitated  by  the  small- 
ness  of  the  local  traffic,  and  the  heavy  rental  and  charges 
imposed  by  the  Gravesend,  Boeherville,  and  Northfleet 
Tramway  Company,  through  whom  the  parliamentary 
powers  were  obtained.  Careful  accounts  have  been  kept 
of  the  cost  of  running  for  the  last  six  months,  and  from 
these,  when  audited,  the  actual  cost  of  motive  power  of  the 
series  system  on  this  line  will  be  made  public. 

Telephene  in  the  West  of  »ngland.— We  have 
more  than  once  called  attention  to  the  enterprise  of  the 
management  of  the  Western  Counties  Telephone  Company, 
and  have  pleasure  in  again  recording  extensions  and  con- 
cessions which  offer  further  testimony  in  this  direction. 
According  to  a  request  of  the  Plymouth  Chamber  of  Com- 
merce, the  company  have  made  arrangements  to  establish  a 
signal  station  on  Rame  Head,  from  which  vessels  will  be 
reported  by  telephone  to  Plymouth.  The  station  ahould 
be  working  in  a  few  weeks.  The  Devon  and  Cornwall 
Homoeopathic  Dispensary  and  Cottage  Hospital  have  been 
connected  with  the  Plymouth  exchange  free  of 
charge.  The  trunk  line  to  Plympton,  Ivybridge,  and 
Avon  wick  has  been  converted  into  a  metallic  instead 
of  earth  circuit.  The  company  are  now  prepared  to  put 
residents  at  Plympton  in  connection  with  the  exchange 
system  at  the  same  rates  which  are  in  operation  in  the 
Three  Towns,  making  no  extra  charge  for  speaking  over 
their  trunk  line  to  Plymouth,  and  vice  versd.  It  is  also 
their  intention  to  establish  a  similar  service  in  the  neigh- 
bourhood  of  Crown  Hill  early  in  the  New  Year.  A  call 
office  is  to  be  opened  at  Laira  in  a  few  weeks. 

Bladame  TnBsand's. — A  reception  and  supper  was 
given  at  Madame  Tussaud's  on  Wednesday  night,  on  the 
occasion  of  the  inauguration  of  the  electric  light  in  this 
popular  show-place,  an  account  of  the  arrangements  adopted 
being  given  elsewhere  in  full.  A  large  company  attended, 
and  inspected  with  interest  the  waxen  kings  and  queens, 
the  notabilities  of  England,  France,  and  Germany,  and 
America,  etc.,  here  to  be  seen,  under  the  glamour  of  the 
electric  light.  The  added  cleanliness,  as  well  as  the  adapt- 
ability of  the  light,  will  prove  a  great  boon  to  the  proprie- 
tors. A  magnificent  scene,  newly  added,  of  the  execu- 
tion of  Mary,  Queen  of  Scots,  was  highly  admired, 
both  for  its  realism  and  its  dramatic  interest,  viridly 
brought  out  by  the  rays  of  the  electric  lamps  cun- 
ningly reflected  from  behind.  The  ghastly  Chamber  of 
Horrors  has  become  more  ghastly  by  the  adoption  of  a 
number  of  green-tinted  electric  bulbs,  which  cast  a  gloomy 
hue  over  this  haunt  of  ignoble  reminiscences.  A  band  of 
Switzers  playing  on  zither  and  guitar  added  life  and  gaiety 
to  the  Upper  Chamber,  where  gaily-dressed  visitors  seem- 
ingly mingled  with  the  State  procession  of  the  Princes  and 
Princess  Royal,  stationed  in  life-like  attitudes  and  magni- 
ficent pageantry  down  the  .centre  aisles. 

The  Inatitution  Conversaiione. — The  annual  con- 
versazione of  the  Institution  of  Electrical  Engineers  was 
held  by  the  President  (Dr.  John  Hopkinson,  F.KS.)  and 
Mrs.  John  Hopkinson  at  the  galleries  of  the  Institute  of 
Painters  in  Water  Colours,  in  Piccadilly,  on  Wednesday 
evening.  To  be  at  a  conversazione,  to  see  and  chat  with 
the  well-known  men  of  science,  to  make  new  friends  and 
discuss  electrical  progress,  and  to  listen  to  sweet  music,  is 
better  than  to  read  of  such  doings  afterwards  in  technical 
papers.  We  will  content  ourselves,  therefore,  by  hoping 
that  all  our  readers  who  possibly  could  did  attend,  and 
in  mentioning  that  among  other  notabilities  there 
were  present  Sir  Richard  Webster,  M.P.,  Sir  Benjamin 
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Baker,  Sir  F.  Pollock,  Prof.  Adams,  F.RS.,  Prof.  Ayrton, 
F.RS.,  Prof.  Silvanus  P.  Thompson,  D.Sc,  Mr.  W.  H. 
Preece,  F.RS.,  Mr.  Cecil  Baikes,  M.P.,  Posfcrnaster-General, 
Mr.  Grayes,  General  Webber,  Mr.  William  Crookes,  F.RS., 
Mr.  J.  W.  Swan,  General  Festing,  RE.,  General  Sir  L. 
Nicholson,  Mr.  A.  Siemens,  General  C.  K  Webber,  Sir  Albert 
Cappel,  Sir  Frederick  Bramwell,  F.RS.,  Dr.  Gladstone, 
F.RS.,  and  Sir  Frederick  Abel,  F.RS.  The  band  of  the 
Coldstream  Guards  and  the  Bijou  orchestra  performed 
during  the  evening. 

Bdinlmrffli  International  Bzhlliition.— On  Thurs- 
day week  judgment  was  given  in  the  second  division  of  the 
Court  of  Session  as  to  the  petition  of  Messrs.  Drysdale  and 
GOmour  for  judicial  liquidation.  The  Court  decided  that 
the  association  must  be  wound  up  under  voluntary  liquida- 
tion, and  confirmed  the  appointment  of  Mr.  J.  A.  Robertson, 
chartered  accountant,  of  Edinburgh,  as  liquidator.  On  Mon- 
day afternoon  a  meeting  of  the  creditors  of  the  Edinburgh 
International  Exhibition  was  held  in  the  chambers  of  the 
liquidator,  Mr.  J.  A.  R)bertson,  chartered  accountant,  for 
the  purpose  of  appointing  a  committee  to  consult  as  to  the 
realisation  of  the  assets.  In  the  course  of  the  proceedings 
the  liquidator  said  he  had  been  advised,  both  by  the  agent 
in  the  liquidation  and  by  counsel,  that  the  British  Linen 
Company  Bank  had  no  preference  over  the  guarantee  fund, 
and  he  was  that  day  sending  out  a  circular  calling  up  the 
whole  of  the  guarantee  fund.  A  good  many  odds  and  ends 
had  been  sold  on  very  favourable  terms,  railings  and  gates 
having  sold  at  two-thirds  of  their  original  cost  price.  He 
had  been  advised  by  the  agents  and  counsel  that  creditors 
who  were  guarantors  must  pay  up  their  guarantee  irrespec- 
tive altogether  of  their  claims  against  the  exhibition.  A 
committee  for  consultation  was  then  appointed. 

Bath. — At  the  last  meeting  of  the  Town  Council,  Mr. 
Sturges  (chairman)  moved  the  adoption  of  the  report  of 
the  Special  Electric  Lighting  Committee  to  the  Surveying 
Committee,  which  included  a  copy  of  Major  Oardew's 
report  (vide  EleOrical  Engineer^  October  17th,  p.  340).  Mr. 
Sturges  said  he  wished  to  compliment  Mr.  Massingham  on 
the  success  of  his  installation.  He  also  wished  to  com- 
pliment Bath  on  taking  the  position  she  had  done  in  the 
matter  of  the  electric  light — that  this  important  and 
beautiful  improvement  in  the  lighting  of  the  town  and 
houses  was  taken  up  so  readily.  .There  had  been  a  succes- 
sion of  deputations  to  see  how  they  got  on,  and  he  believed 
that  in  every  instance  they  expressed  their  admiration  and 
gratification  at  seeing  the  thing  so  successful.  He  advocated 
an  independent  inspection  by  a  leading  electrician.  Mr. 
Massingham  said  he  should  be  more  satisfied  if  they 
employed  an  expert  of  the  highest  standing  they  could 
find — ^ihat  was  Mr.  Pfeece — and  he  would  move  as  an 
addition  to  the  report  that  they  should  employ  a  scientist 
of  sufficient  eminence  to  investigate  the  whole  of  the  works 
and  report  to  the  Council  In  the  course  of  the  discussion 
which  followed,  Mr.  A.  Taylor  suggested  periodical  inspec- 
tion of  the  works.    The  report  was  unanimously  adopted. 

Alternating  Plant  In  Xianoaaliire. — ^An  interesting 
example  of  the  transmission  of  electric  current  for  lighting 
by  the  alternating  system  has  recently  been  carried  out  by 
Messrs.  Mercier,  Corlett,  and  Co.,  of  Wigan,  at  the 
Golborne  Colliery,  Golborne  (Lanes.).  The  plant  has  been 
designed  to  light  the  colliery  both  underground  and  on  the 
surface,  with  the  screening  arrangements  and  sidings,  and 
also  to  supply  current  for  150  kmps  of  16  c.p.  at  the 
residence  dl  the  owner  of  the  colliery,  T.  D.  Gimk^,  Esq., 


Golborne  Park,  which  is  about  l^  miles  away.  The 
dynamo  is  a  Mordey  alternator  of  25,000  watts  at  2,000 
volts,  at  the  colliery,  driven  by  a  horizontal  stationary 
engine,  fitted  with  the  Acme  governor  of  Browett,  Lindley, 
and  Co.  At  the  colliery  itself  there  is  a  300-light  Swinburne 
'*  Hedgehog "  transformer,  which  supplies  the  whole  of 
the  colliery  circuit,  consisting  mainly  of  16-c.p.  and 
32-c.p.  lamps;  the  sidings  being  illuminated  by  three 
200  and  two  400-c.p.  Sunbeam  lamps.  For  the 
private  house  there  is  one  150<light  "Hedgehog"  trans- 
former, and  a  50-light  transformer  for  the  drive  circuit, 
which  is  some  quarter  of  a  mile  long.  In  the  house  there 
is  a  total  of  about  80  lamps  of  10,  16,  32,  and  50  c.p. 
suitably  distributed,  nearly  all  being  cord  suspensions  and 
brackets.  The  long-distance  circuit  is  mostly  run  overhead 
upon  poles  and  suspension  wires,  being  a  cable  of  7/19 
vulcanised  rubber  insulation.  In  order  to  comply  with  the 
requests  of  local  authorities,  wherever  the  cable  crosses  a 
road,  which  it  does  in  three  places,  it  is  laid  underground 
in  iron  pipes  suitably  protected.  The  whole  installation 
makes  a  very  good  example  both  of  the  efficacy  of  the 
electric  light  for  colliery  work,  and  its  application  to  private 
uses  by  transmission  by  means  of  the  alternating  current 

Deptford. — Mr.  W.  S.  Malcolm,  assistant  foundry 
manager  at  the  Carron  Works,  has  given  the  following 
account  of  the  casting  of  the  first  of  the  23-ton  castings 
which  are  to  form  the  feet  of  the  magnet  framecr  of  the 
10,000-h.p.  Ferranti  dynamo  for  Deptford  station,  which 
feet  will  have  to  carry  the  whole  weight  of  the  frames, 
amounting  to  many  hundred  tons :  "  As  these  measure  some 
12ft.  by  10ft.  by  6ft.  6in.,  and  have  each  cast  into  their 
body  the  projecting  ends  of  11  magnets  or  blocks  of 
soft  iron  3ft.  3in.  by  1ft.  6in.  by  5in.,  and  weighing  in  all 
about  4^  tons,  some  idea  may  be  formed  of  the  nature  of 
the  casting.  The  greatest  difficulty  the  contractors  have 
had  to  overcome  in  the  manufacture  of  these  magnet  frames 
has  been  the  securing  into  the  casting  in  a  thoroughly  fast 
and  trustworthy  manner  of  these  large  blocks  of  soft  iron, 
this  being  absolutely  necessary  owing  to  the  nature  of  the 
forces  brought  to  bear  on  the  magnets  when  the  dynamos 
are  at  work.  Possibly,  owing  to  the  very  unusual  nature 
of  the  casting,  the  same  difficulty  may  not  previously  have 
presented  itself  to  founders  in  any  case.  All  the  ordinary 
methods  of  casting  failed  to  secure  the  desired  end,  and 
very  special  and  novel  treatment  indeed  has  had  to  be 
resorted  to  before  a  satisfactory  solution  of  the  difficulty 
has  been  found.  What  in  ordinary  circumstances  would 
form  the  main  core  of  the  mould  has  built  into  its  interior 
a  light  steel  tank  of  the  necessary  form  and  dimensions  to 
suit  the  magnets,  and  into  this  vessel  the  magnets  project 
for  about  2ft.  of  their  length.  You  have  thus  at  once  a 
core  fulfilling  all  the  ordinary  functions  of  such,  and  at  the 
same  time  in  itself  a  water-tight  vessel  surrounding  the 
magnets.  After  the  metal  has  been  run  into  the  mould  and 
allowed  to  set,  cold  water  is  immediately  passed  through 
the  tank  or  vessel  and  caused  to  circulate  round  the  magnets, 
but  not  in  contact  with  the  cast  iron,  for  a  period  of  from 
two  to  four  days.  After  this  time,  and  during  which  the 
cast  iron  has  been  kept  warm  as  long  as  possible,  it  is  found 
that  the  magnets  are  firmly  bound  into  the  casting  and 
practically  form  a  part  of  it.  As  the  contractors  have 
already  cast  over  20  12^-ton  castings  on  the  same  principle, 
only  applied  somewhat  differently,  the  process  may  be  said 
to  have  been  subjected  to  a  thorough  test  In  closing,  I 
may  state  that  the  above  process  was  introduced  specially 
for  the  occasion,  and  has  since  been  patented  by  me." 
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A   GBOSVENOR   SQUABE   INSTALLATION. 


two  Urge  classes,  those  which  are  connected  to  the  publi 
mains  and  those  having  their  own  generating  machinery. 


houses  to  take  their  sapply  from  the  mains,  and  thus  to 
obtain  electric  light  which  tjtherwiae  they  would  do  with- 
out, yet  there  are  a  very  considerable  number  of  instances 
where  the  advant^ea  of  control  and  ^e  absence  of 
necessity  for  outside  intervention  or  the  supervision  of  i 
company  or  other  causes,  have  induced  the   ownere  or 


Of  the  self-contained  hind,  moat  examples  will  naturally 
be  fonnd  in  country  places,  where  coanecttona  to  mains 
are  impoasible,  while  those  supplied  by  companies  will  be 
town  houses.  But  although  it  is  unquestionably  true  that 
*^i  iosuguratton  of  the  various  central  stations  in  the 


leaseholders  to  put  in  their  own  plant,  from  enKine  and 
dynamos  onwarie.  The  advantages  o^ared  by  the  use  of 
gas  engines  has  been  one  great  cause  predisposing  to  this 
arrangement,  which  must  prove  a  satisfactory  sop  to  minda 
of  gaa  companies,  who  watch  with  anxiety  the  continued 


Westend  of  London  has  enabled  a  large  number  of  town  I  pn^jress    of   electric   light    amongst  their    best    paying 
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ctiBtomen,  but  yet  who,  under  the  circumstances  of  a  self- 
contained  plant  driven  by  gas,  do  not  lose,  while  both  the 
user  himself  and  the  electrical  engineers  benefit. 

A  very  fine  example  of  the  use  made  of  gas  engines  in  a 
large  private  town  installation  is  found  in  that  of  K. 
CassellB,  Eaq.,  of  48,  Grosvenor-square,  and  the  whole 
installation  is  very  carefully  arranged  and  carried  out. 
The  house  itself  is  a  very  large  and  extensive  building,  and 
has  recently  been  fitted  up,  practically  r^ardless  of  cost, 
with  white  and  satin  wood  fittings,  with  priceless  silk 
tapestries,  and  with  specially-ileBigned  ceilings,  hy  Messrs. 
Collinson  and  Lock,  of  Oxford -street.  This  firm,  early 
recognising  the  importance  which  the  electric  light  is 
destined  to  have  upon  the  interior  decoration  of  English 
mansions,  have  organised  a  special  department  for  electric 
light  fitting,  and  have  for  some  time  engaged  an  electrical 
engineer  of  their  own  to  superintend  and  carry  out  their 
work  in  this  direction.  This  gentleman,  Mr.  T.  Blackley, 
was  for  some  time  engaged  wi^  Messrs.  Woodhouae  and 


than  a  single^cting  engine  of  the  same  type,  has  undeniable 
advantagAs,  having  been  specially  designed  foi  use  ID 
electric  installations,  and  is  eminently  suited  thereto  on 
account  of  the  great  steadiness  of  running  which  it  gives. 
The  engine  in  question  is  a  14  h.p.  nominal,  working  up  to 
some  20  or  22  brake  horsepower,  and  when  driving  direct  or 
charging  the  accumulators  the  fluctuations  are  hardly  notice- 
abieon  the  ammeter,  varying  atan  average  of  80  amperes,  from 
78  to  82  amperes,  and  often  for  long  nine  together  hardly 
shifting  the  needle.  The  engine  is  free  from  all  complica- 
tion of  machinery.  It  is  fired  by  the  red-hot  tube  method, 
and  the  only  working  part  besides  the  cylinders  is  a  small 
knife-edge  governor,  which  is  both  very  sensitive  and  very 
light  in  working. 

This  engine  drives  a  Crompton  shunt-wound  dynamo, 
capable  of  giving  120  amperes  and  135  volts  at  930  revolu- 
tions. This  is  connected  by  a  Oandy  belting  direct  to  the 
driving  pulley  of  the  gas  engine,  and  no  flywheel  is  used  on 
t^e  dynamo.    This  plant,  together  with  the  tanks,  switch- 


Switchboard  ased  at  Groavenor-squore. 


Rawson,  and  later  held  a  responsible  position  in  the  now 
deceased  Schanschieff  Company.  He  has  laid  out  and 
superintended  the  installation  in  question,  and  the  neatness 
of  the  arrangements  as  well  as  the  success  of  the  lighting 
show  that  Messrs.  Collinson  and  Lock  have  an  engineer 
who  can  do  their  work  with  credit  Some  idea  of  the 
extent  of  the  work  already  done  by  this  Arm  may  be 
gathered  when  it  is  learnt  that  since  they  have  started, 
some  18  months  ago,  they  have  already  carried  out  more 
than  £15,000  worth  of  electric  lighting  work  amongst  their 
customers. 

At  the  Grosvenor-square  installation  one  of  the  new  type 
donble-acting  "  Stockport "  gas  engines  has  been  employed 
with  very  great  satisfaction.  We  give  herewith  a  view  of 
this  engine,  from  which  it  will  be  seen  that  it  consists,  in 
efl'ect,  of  two  ordinary  gas  encines  coupled  end  to  end — 
thAt  is,  a  twin  engine,  with  two  exploding  cylinders,  both 
connected  to  the  same  crankshaft.  This  arrangement, 
though  possibly  using  slightly  more  gas  per  horse-power 


boards,  and  accumulators,  is  placed  in  a  small  arched  cellar 
under  the  house,  and  no  noticeable  vibration  or  noise  is 
experienced  outside  the  engine-room. 

The  accumulators  consist  of  two  sets  of  23L  KF.S.  cells, 
charged  at  about  80  amperes,  and  from  which  90  amperes 
or  more  is  often  taken  out.  They  are  covered  with  the 
granulated  cork  introduced  by  Messrs.  Drake  and  Gorham, 
which  is  found  to  preserve  the  acid  and  prevent  spraying. 
The  tanks  for  the  engines  were  made  by  Messrs.  John 
Smeaton,  Son,  and  Co.,  of  Great  Queen  street,  and  the  engine 
itself  was  put  down  by  the  makers,  Messrs.  Andrew  and 
Co.,  of  Reddish,  near  Stockport.  After  a  trial  run  of  a  day 
or  two,  the  whole  installation  was  run  for  a  stretch  of  40 
hours  without  stopping,  and  a^ain  tbeday  after  for  another 
run  of  40  hours  without  stojiping,  which  speaks  well  both 
for  the  engine  and  the  dynamo,  as  well  as  for  the  general 
arrangement  of  the  installation. 

The  switchboard  used  here  is  a  very  good  and  compre- 
hensive one,  of  the  type  made  by  Messrs.  Voole  and  White, 
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The  vrnqtsmant  will  be  wen  from  (he  illiutntion  which 
we  &leo  give  herewith.  The  switehboaid  ia  mounted  upon 
•late,  cat  into  three  pieces,  on  the  plan  recommended  bj 
Ur.  Moignve  Heaph^,  of  the  Phcenix  Fire  Office,  and  u 
joined  tt^eUier  with  loaulation  between  (neatly  covered  by 
brass  strip)  the  better  to  guard  against  short-circuiting  on 
the  boani  itself.  The  c^inectionfl  are  exactly  repeated  on 
each  aide  to  provide  for  either  direct  nmning  from  the 
dynamo  to  the  lamps  or  from  the  accumulators  to  the  lamps, 
or  both  together,  uid  the  coimeobions  not  only  are  solidly 
and  sdentifieally  carried  out,  but  embody  some  oecessaiy 
preoautional  measures,  and  at  the  same  time  present  a 
very  handsome  appearance.  The  bars  down  the  middle 
are  connected  to  the  last  seven  cells  of  the  battery, 
to  allow  for  compensation  in  voltage,  the  other  end  of  the 
battery  being  connected  to  the  ump  circuit  and  to  one 
bruali  of  the  dynamo.  The  other  pole  of  the  dynamo 
oomes  to  the  ping  seen  in  the  cenbre  at  the  bottom — the 
plug  answering  usee  to  be  afterwardB  mentioned.  This 
plug  communicates  first  with  the  bottom  right-hand  switch, 
which,  when  turned,  sends  tba  current  through  the 
fuse  seen  above  it,  then  up  the  co|^r  rods  (which  are  bare, 


9.^^ 


Diagram  of  Switchboard, 

in  air)  to  tlie  Schuckert  ampere-meter,  and  down  again  to 
the  regulating  switch  handle  in  the  centre  of  the  Doard. 
This  regulating  switch  puts  in  or  cute  out,  according  to  its 
position,  one,  two,  thiee,  up  to  seven  extoa  cells,  and  the 
switch  is  BO  made  that  as  it  traverses  from  one  l»r  to  the 
other  no  cell  is  ever  actually  short-circuited  nor  is  the 
circuit  quickly  broken,  but  the  two  minor  switch  pieces  to 
the  side,  which  move  with  the  switch  itself,  shunt  the  cell 
momentarily  through  the  thick  German  silver  resistance 
wires  which  may  be  seen  mounted  at  part  of  the  switch, 
moving  with  it.  The  whole  arrangement  is  repeated  on 
the  other  half  of  the  switchboard,  but  this  other  side  is 
connected  to  the  lamp  circuit  direct,  and  the  regulation 
is  then  for  discharge. 

The  ammeter  in  this  circuit,  of  course,  shows  the  strength 
of  current  coming  from  the  cells.  When  the  whole  strength 
of  the  inetallation  ia  required  for  ballroom  or  other  purposes 
both  switches  are  turned  on,  though,  indeed,  this  is  more 
often  the  case  than  otherwise,  the  dynamo  so  charging  the 
batteries  at  the  same  time  as  it  supplies  a  portion  of  the 
lights.  When  it  is  required  to  start  the  gas  engine,  the 
tube  light  is  lighted  anq  the  gas  turned  on,    Then  the  plug 


before  mentioned  is  token  out  and  the  switch  turned,  maldng 
the  cells  discharge  through  the  dynamo,  which  acts  as  & 
motor,  driving  the  gas  engine  till  uie  explosions  occur  and 
the  engine  takes  its  load.  Tbe  two  parts  of  the  plug  are 
connected  across  by  a  thick  resistance  wire  behind  the 
board,  which  prevents  too  strong  a  rush  of  current  from 
taking  place  from  the  cells.  The  voltmeter  placed  at  the 
centre  at  the  top  has  a  double  contact  switch  at  tbe  base  of 
the  board,  for  testing  the  voltage  of  either  the  cells  or  of 
the  dynamo.  Two  incandescent  pilot  lamps  show  tbe 
strength  of  the  light,  and  also  serve  to  iUnminate  the 
instrumenta.  The  engine  is  usually  run  for  about  six  honn 
a  day  in  ordinary  working. 

The  fittings  of  themselves  are  most  handaomely  carried 
out,  nearly  all  being  specially  designed  by  Messrs.  Collinson 
and  Look's  designer,  Mr.  Webb,  and  a  few  being  adapta- 
tions of  Faraday  s  light  and  graceful  holders  and  filagree 
work.  The  fittings  comprised  numerous  pendants  and 
brackets,  and  the  most  noticeable  perhaps  are  sets  of 
wreathed  Old  French  candlesticks  and  also  some  small 
chased  silvered  paneU  with  scroll  edges  and  projecting  arms 
for  obscured  globes,  which  are  moat  happy  in  their  efiect 
when  placed  fiat  upon  the  n&  tapestry  over  the  mantels 
and  around  the  rooms ;  and,  again,  some  special  figures, 
in  heavUy  gUt  and  chased  work,  of  classical  angels,  with 
extended  wmgs  and  uphfted  hands,  gently  holding  the 
iUuminated  biUb,  which  depends  from  a  short  bracket  ana 
to  match  from  just  above.  So  much  is  tliis  List  fitting  appn- 
ctated  that  the  room  is  to  have  a  dozen  in  all  of  tJieae  el^ant 
"imgels  of  light "  fitted  between  the  windows. 

I^e  lighte  are  for  the  most  part  16  cp.,  but  many  3S 
and  60  cp.  lamps  have  been  introduced,  the  total  capacity 
being  equal  to  300  16-c.p.  lamps.  In  ^e  diawine-room 
and  ballroom  a  perfect  bhuie  of  light  is  attempted,  further 
aided  by  the  whiteness  of  the  walls  and  the  furniture ;  here 
the  35  lamps  distributed  around  t^  walls,  and  the  two 
clusters  of  10  lamps  each  down  the  centre,  will  make  that 
portion  of  Grosvenor-square  on  a  winter's  night  like  s 
perfect  lighthouse,  throwing  its  rays  into  the  gloomy  square 
outside.  The  whole  instamtion  is  carried  out  in  Uie  same 
thorough  and  well-finished  manner,  and  gives  great  satisfac- 
tion in  its  employment. 


THE  ELECTROMAGNET.* 

BY   PEOP.   SILVAinn  p.  THOHPSON,  D.SC,  B.a.,  M.I.S.L 

LsoTuu  n. 
{Otmlmitvljrom  pagt  fSe.) 
In  order  to  itody  this  question  of  leakage,  and  ^e  relaUon  of 
Isakage  to  pnll,  sull  more  inoiiiTely,  I  devised  same  time  uo  i 
small  oxpenmanl,  with  which  a  eroap  (d  my  students  at  tbe  Inch- 
meal CoUen  hare  been  diligenuy  experimeatliig.  Etoca  (Fig.  43) 
ie  a  horseshoe  electromagnet.  The  core  ia  of  aoft  wrought  inn, 
wound  with  a  known  Dmnberol  turns  of  wire.    It  is  pnmdedwlth 


Fio.  43.— Eiperiment  on  Leakage  of  Eleetntmsfpiet. 
an  armature.  We  have  also  wound  on  three  little  ezidoriag  coUi, 
each  conaiatlDg  of  five  tarns  of  wire,  only  one,  C,  right  down  at  the 
bottom,  on  the  bend  ;  another,  B,  right  round  the  pole,  duee  up 
to  the  armature ;  and  a  third.  A,  around  the  Oiiddle  of  the  arma- 
ture. The  objeoc  of  thna  ie  to  ssoertain  bow  much  of  tbe  mag- 
netism which  was  oroatod  in  the  core  by  magnetiiing  power  of  these 
ooUs  over  got  into  the  armature.  It  the  armature  is  at  a  coBSWer- 
*  Cantor  lectniot,  deliverad  before  the  Society  of  Arta. 
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able  dJHtanoe  away,  there  is  naturally  a  great  deal  oC  leakaga  The 
ooil,  C,  around  the  bend  at  the  bottom  U  to  catch  all  Uie  magnetic 
lines  that  go  through  the  iron ;  the  coil,  B,  at  the  poles,  is  to  oatch 
all  that  have  not  l^ed  outside  before  the  magnetism  has  crossed 
the  joint ;  while  the  coil.  A,  right  around  the  middle  of  the  arma- 
ture, catches  all  the  lines  that  actually  pass  into  the  armature 
and  pull  at  it.  We  measure  by  means  of  the  ballistic  galvanometer 
and  these  three  exploring  coils  how  much  magnetism  gets  into  the 
armature  at  different  distances,  and  are  able  tnus  to  determine  the 
l6akag:e  and  compare  these  amounts  with  the  calculations  made, 
and  with  the  attoaotions  at  different  distances.  The  amount  of 
magnetism  that  sets  into  the  armature  does  not  go  by  a  law  of 
inverse  squares,  I. can  assure  you,  but  by  quite  other  laws.  It  goes 
by  laws  which  can  only  be  expressed  as  particular  cases  of  the 
law  of  the  mimetic  circuit.  Tne  most  important  element  of  the 
calculations,  indeed,  in  many  cases  is  the  amount  of  percentage  of 
leakage  that  must  be  allowed  for.  Of  the  magnitude  of  this  matter 
voa  will  get  a  very  good  idea  by  the  result  of  these  experiments 
following. 

The  iron  core  is  13  millimetres  in  diameter,  and  the  coil  consists 
of  178  turns.  The  first  swing  of  the  galvanometer  when  the  current 
was  suddenly  turned  on  or  off  measures  the  number  of  magnetic 
lines  thereby  sent  throueh,  or  withdrawn  from,  the  exploring  coil 
that  is  at  the  time  joinea  to  the  galvanometer.  The  currents  used 
varied  from  0'7  of  an  amoere  to  6*7  amperes.  Six  sets  of  experi- 
ments were  made,  with  the  armature  at  different  distances.  The 
numerical  results  are  given  in  the  following  tables : 

I.— With  Weak  Current  (0*7  amperes). 


A 

B 

0 

In  contact 

12,606 

1,562 

1,149 

1,014 

676 

13,870 
2,163 
1,487 
1,081 
1,014 
675 

14,190 
3,786 
2,839 
2,028 
1,690 
1,352 

Armature  distance,    1mm 

Removed    

ffff 


n. — Stronger  Current  (1*7  amperes). 

18,240  19,690 

2,570  3,381 

2,366  2,839 

1,352  2,299 

811  1,362 

—  1,308 

III. — Still  Stronger  Current  (3*7  amperes). 


In  contact . 

Armature  distance,    1  mm. 

2  nun. 

5  mm. 
,,  •,        10  mm. 

Removed    . 


>> 
$t 


In  contact  

Armature  distance, 


•f 


Removed 


22,280 
7,668 
6,722 
3,245 
2,704 
2,366 

IV. — Strongest  Current  (5*7  amperes). 


1  nun. 

2  mm. 
5  nun. 

10  mm. 


20,910 
5,610 
4.597 
2,569 
1,149 


In  contact 

Armature  distance,    1  mm. 

2  nun. 

5  mm. 
f ,  ti        10  mm. 

Removed    , 


If 


I) 


21,980 
8,110 
5,611 
4,066 
2,029 


23,660 
10,810 
8,464 
5,273 
4,067 
3,581 


20,283 
6,408 
5,073 
5,949 
3,381 
3,041 

22,960 
11,831 
9,802 
7,436 
7,098 
6,427 

24,040 
17,220 
15,886 
12,627 
10,142 
9,796 


These  numbers  may  be  looked  upon  as  a  kind  of  numerical 
statement  of  the  facts  roughly  depicted  in  Figs.  31  to  34.  The 
numbers  themselves,  so  far  as  they  relate  to  the  measurements 
made  <1)  in  contact,  (2)  with  gft^  of  one  millimetre  breadth,  are 
plotted  out  on  Fig.  44 ;  there  oemg  three  curves,  A,  B,  and  C,  for 
the  measurements  made  when  the  armature  was  in  contact,  and 
three  others,  Ai,  Bi,  Ci,  made  at  the  one  millimetre  distance.  A 
dotted  line  gives  the  plotting  of  the  numbers  for  the  coil  C,  with 
different  currents,  when  the  armature  was  removed. 

On  examining  the  numbers  in  detail,  we  observe  that  the  largest 
number  of  magnetic  lines  forced  round  the  bend  of  the  iron  core, 
through  the  coil  C,  was  24,040  (the  cross-section  being  a  little  over 
one  square  centimetre),  which  was  when  the  armature  was  in  contact. 
When  the  armature  was  away,  the  same  magnetising  power  only 
evoked  9,796  lines.  Further,  of  those  24,040,  23,660  (or  98^ 
per  cent. )  came  up  through  the  polar  surfaces  of  contact,  and  of 
those  aeain  21,980  (or  9^  per  cent,  of  the  whole  number)  passed 
through  the  armature.  There  was  leakage,  then,  even  when  the 
armature  was  in  contact,  but  it  amounted  to  only  7^  per  cent. 
Now,  when  the  armature  was  moved  but  one  millimetre  (t.e. ,  ^tJi  of 
an  inch)  away,  the  presence  of  the  air  gaps  had  this  ereat  effect, 
that  the  total  magnetic  flux  was  at  once  choked  down  from  24,040 
to  17,220.  Of  that  number  only  10,810  (or  47  per  cent.)  reached 
the  polar  surfaces,  and  only  8,110  (or  47  per  cent,  of  the  total 
number)  succeeded  in  going  through  the  armature.  The  leakage 
in  this  case  was  53  per  cent,  mth  a  two  millimetre  gap,  the 
leakBste  was  65  per  cent,  ^.hen  the  strongest  current  was  used.  It 
warn  68  per  cent,  with  a  five  millimetre  gap,  and  80  per  cent,  witii 
a  10  millimetre  gap.  It  will  further  be  noticed  that  whilst  a 
current  of  0*7  ampere  sufficed  to  send  12,506  lines  through  the 
armature  when  it  was  in  contact,  a  current  eight  times  as  strong 
could  only  succeed  m  sending  8,110  lines  when  the  armature  was 
distant  by  a  single  millimetre. 

Sucb  an  enormous  diminution  in  the  magnetic  flux  through  the 
armature  consequent  upon  the  increased  reluctance  and  increased 
leaka^  oooiBipned  by  the  presence  of  tl^e  fur  gape,  proves  bow 


Seat  is  the  relnotanoe  oflbred  by  air,  and  how  misentaal  it  is  to 
ve  some  praotioal  rules  for  calculating  reluctanoes  and  esti- 
mating leakages  to  guide  us  in  designing  eleotrmnagnete  to  do 
any  given  du^. 

T&  calculation  of  magnetic  zelnctances  of  definite  portions  of  a 
g^ven  material  are  now  oomparativolv  easy,  and,  thanks  to  the  for- 
muUe  of  Prof.  Forbes,  it  is  now  possible  in  certain  oases  to  estimate 
leakages.  Of  these  methods  of  calculation  an  abstract  will  be  siven 
in  the  appendix  of  this  lecture.  I  have,  however,  found  Forbes*s 
rules,  which  were  intended  to  aid  thedesiffnof  djrnamo-maohines,  not 
very  convenient  for  the  common  oases  ofelectromagnets,  and  have, 
therefore,  cast  about  to  discover  some  more  apposite  mode  of  calcula- 
tion. To  predetermine  the  probable  percentage  of  leakage  one  must 
first  distinguish  between  those  magnetic  lines  which  go  usefully 
through  the  armature,  and  h^p  to  pull  it,  and  thosewhich  go  astray 
through  the  surrounding  air  and  are  wasted  so  far  as  any  pull  is 
concerned.  Having  set  up  tJiis  distinction,  one  then  needs  to 
know  the  relative  magnetic  conductance,  or  permeance,  along 
the  path  of  the  useful  Unes  and  that  along  the  innumerable 
paths  of  the  wasted  Unes  of  the  strav  field.  For,  as  every  elec- 
trician accustomed  to  the  problem  of  shunt  circuits  will  recog- 
nise, the  quantity  of  lines  that  go  respeotiTely  along  the  useful 
and  wasteful  paths  wUl  be  diractly  proportional  to  the  con- 
ductances, or  permeances,  along  those  paths,  or  will  be  inversely 
proportional  to  the  respective  resistances  along  those  paths. 
It  \a  customary  in  electromagnetic  calculations  to  employ 
a  certain  coefficient  of  allowance  for  leakage,  the  symbol 
for  which  is  v,  such  that  when  we  know  the  number  of  magnetic 
lines  that  are  wanted  to  go  through  the  armature  we  must  allow 
for  V  times  as  many  in  the  manet  core.  Now,  if  u  represents  per- 
meance alone  the  useful  path,  and  to  the  permeance  of  all  the 
waste  paths  2ong  the  stray  field,  the  total  flux  will  be  to  the  useful 
flux  as  tt+w  is  to  «.  Hence  the  coefficient  of  allowanoe  for  leakage 
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FiQ.  44.— Curves  of  Magnet&Bation  Plotted  from  Preceding. 

vis  equal  to  «-l-to  divided  by  u.  llie  only  real  difficulty  is  to 
calculate  u  and  to.  In  eeneral  u  is 'easily  calculated  ;  it  is  the 
reciprocal  of  the  sum  of  all  the  magnetic  reluctances  along  the 
usexul  path  from  pole  to  pole.  In  the  case  of  the  electromagnet 
used  in  the  expenments  last  described,  the  magnetic  reluctances 
along  the  useful  path  are  three  in  number — that  of  the  iron  of  the 
armature,  and  those  of  the  two  air  gaps.  The  following  formula  is 
applicable : 

reluctance  = -Jl_  +  ?i,         V-: 
AiMi     A,      Jt 

if  the  data  are  specified  in  centimetre  measurqipRie  suffixes  1  and 
2  relating  respectively  to  the  iron  and  to  the  am  If  the  data  are 
specified  in  inch  measures  the  formula  becomes 


reluctance=0'3132 


{ 


r,      2r', 


A',/., 


f}- 


But  it  is  not  so  easy  to  calculate  the  reluctance  (or  its  reciprocal, 
the  permeance)  for  the  waste  lines  of  the  stray  field,  because  the 
patnB  of  the  magnetic  lines  spread  out  so  extraordinarily  and  bend 
round  in  curves  from  pole  to  pole. 

Fig.  46  gives  a  verv  fair  representation  of  the  spreading  of  the 
lines  of  the  stray  field  that  leaks  across  between  the  two  limbs  of 
a  horseshoe  eleotromi^et  made  of  round  iron.  And  for  square 
iron  the  flow  is  much  use  same,  except  that  it  is  concentrated  a 
little  by  Uie  comers  of  the  metal.  Forbes's  rules  do  not  help  us 
here.   We  want  a  new  mode  of  considering  the  subject. 

The  problems  of  flow,  whether  of  heat,  electricity,  or  of  mag- 
netism, in  space  of  three  dimensions,  are  not  among  the  most  easy 
of  geometrical  exercises.  However,  some  of  them  have  been 
woraed  out,  and  may  be  made  applicable  to  our  present  need. 
Consider,  for  example,  the  electricu  problem  of  findmg  the  resist- 
ance which  an  indefinitely  extendea  liquid  (say,  a  solution  of 
sulphate  of  copper  of  given  density)  offers  when  acting  as  a  con- 
ductor of  electric  currents  flowing  across  between  two  indefinitely 
long  parallel  cjrlinders  of  oop|>er.    Fig.  45  may  be  regarded  as 
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flf  OTdi  am  amogMMot,  tbe 

of  iov  of  cnraDt.    iBsanpie 

tino  it  if  poMiblo  lo  ind  n  meaaaU  ozfmMoo  iorUie 

(or  for  too  coodoeUiice)  of  a  hjtr  or  -****^Tn  of  onit 

li  depends  OB  the  diMMlori  of  the  ejliaden,  oa  Uieir 

•pgt»  Mad  OO  the  epeciic  ooBdocthrity  of  Uie  uMdium.  It 

hymaymmam  pnportiomi  totlia  dJeTonce  bciweou  them, 

r.  m  liiet»  efaMBt  indopendent  of   the  diitaiioe.  if  that  is 

iiaa  20  tames  the  periflMisr  of  eHher  cjltDder.    Kettheris 

appraodmateiy   |«miuitioaaI  to   the    periwMter   of   the 

I  the  eilorteitdiitailoe  between 
is  lem  than  a  tenth  pert  of  the  perimeter  of  either.    The 
lor  onit  length  of  the 
•nt  bj  tlM  rather  eompleiT 


cjiinders  is,  in  fsot^  mlmlsted 


Ji=-±-]og.  nat.  A; 


Where 


h=: 


2a 


f+2n-  V^T4e6' 


the  STflibol  a  sTanding  for  the  ladtas  of  the  oylinder ;  b  for  the 
sfaorteet  diernww^  eepsrstfag  tliem ;  #t  for  the  permesbility,  or  in 


Fio.  46«— Carres  of  Flow  of  ICagnetio  lines  in  Air  from  one 

Cylindiiosl  Pole  to  another. 

Kow,  I  happened  to  notice,  as  a  matter  that  greatly  simplifies 
the  oalcnlation,  that  if  we  confine  our  attention  to  a  transverse 
layer  of  the  mediam  of  given  tlucknees,  the  resistance  between  the 
two  bite  of  the  cylinders  in  that  layer  depends  on  the  ratio  of  the 


Fio.  40.— DU^pram  of  Leakage  Rdnofcancee. 

shorteet  distance  separatinpr  them  to  their  periphery,  and  ii  inde- 
pendent of  the  abeolate  sise  of  the  svstem.  If  yoa  have  the  two 
cylinders  an  inch  round,  and  an  moh  between  them,  then  the 
reeistance  of  the  slab  of  medium  (of  given  thickneia)  in  which  they 
Ue  will  be  the  same  as  if  they  were  a  foot  round  and  a  foot  apart. 
Now  that  simDlifies  matters  very  much,  and  thanks  to  my  friend 
and  former  chief  assistant,  Dt.  R.  MuUineuz  Walmsley,  who 
devoted  himself  to  this  troublesome  calculation,  I  am  able  to  give 
yon,  in  tabular  form,  the  magnetic  resistance  within  the  limits  of 
proportion  that  are  likely  to  occur. 
Xh*  qttiitbers  (ron^  columns  1  and  2  of  Table  VII.  are  plotted 


out  graphieslly  in  Fig.  40,  for  nHxe  ooBvenienit  seiarenoa.    Ai  u 
example  of  the  we  of  the  table  we  wifi  take  the  foDowing : 

ExAMTLK. — Find  the  magnetae  i  einctanee  and  penneance 
between  two  parallel  iron  ooras  of  fin.  disinei<rr  and  9m.  long, 
the  least  distance  between  them  beiv  2|in.  Here  6  =  2*375; 
p=3'1410  fr-rp^CTdO.  Rcferenee  to  &e  table  shows  fbv  inter 
pdation)  that  the  relnctanoe  and  pwTnesnffs  iornnit  thickstte  ol 
dab  are  respectively  0'183  sM  5-330.  For  Sin.  thirknew,  tbey 
will  therefore  be  0^081  and  48-02  respeettvohr. 

When  the  permeance  across  between  the  two  Umbe  h  thos 
approximately  caknlable,  the  waste  ftnx  acroas  the  spaoe  a 
estimated  by  multiplying  the  peraManoe  so  found  by  Uie  tuffug* 
value  of  the  diflerence  of  magnetic  potential  between  the  tvo 
limbe.  And  this,  if  the  yoke  which  unites  the  limbs  at  the  lover 
end  is  of  good  solid  iron,  and  if  the  peiaUel  eoree  offer  titUe 
magnetic  raloctanee  as  compared  with  the  relnctanoe  of  the 
usend  paths,  or  of  that  of  the  stray  field,  may  be  simply  tekee 
as  haU  the  ampere-tnme  (or,  if  oentimelie  iiimbiiiwi  are  and, 
multiply  by  1-2500). 


Taslb  VnL— Ifagnelae  Relnotaneeof 

Cylindrical  limbo  of 


Two  PsraOd 


6      • 
p 

ICagnetic     reluctance    in 
C.G.S.    units=the   msg- 

MagnetM!     rdnctanoe  in 
inch  unitssthe  ampere- 

Ratio  of  least 

neto-motive 

force -f  total 

turns -r  the  total  msgnetk 

distance 

apart  to 

perimeter. 

magnetic  flux. 

flux.    Slab -Un.  thick. 

Reluctance. 

Permeance. 

Reluctance. 

Pennesnoe. 

01 

0-2401 

4-003 

0-0771 

12-968 

0-2 

0-3404 

2-938 

0-1000 

9-377 

0-3 

0:4064 

2-449 

0-1280 

7-815 

0-4 

0*4028 

2-101 

0-1450 

0-897 

a-6 

0-5084 

1-907 

0-1593 

0-278 

0-0 

0-5479 

1-8525 

01717 

5-825 

0-8 

0-0140 

1-029 

^    01924 

5198 

1-0 

0-0081 

r-497 

*    O-20O3 

4-777 

•  1-2 

0-7144 

1-400 

0-2238 

4-571 

i-4 

^<0^5S0 

1-324 

0-2305 

4-228 

1-0 

0-7903 

1^K5   « 

o-S5s* 

4-039 

1-8 

0-8220 

L-217 

3-883 

2-0 

0-8511 

1-202 

0-2007 

3-750 

4-0 

1-0600 

0-952 

0-3290 

3HH0 

0-0 

11710 

0-854 

0-3009 

2-726 

8^ 

1-2024 

0792 

0-3055 

2-528 

lO-O 

1-3250 

0-755 

0-4151 

2-409 

In  Table  VUL  unit  length  of  cylinderB  is  assumed  (one  centi- 
metre in  columns  two  and  three,  lin.  in  colunms  four  and  ^^<, 
the  flow  of  magnetic  lines  being  reckoned  as  in  a  slab  of  infinite 
extent  and  of  unit  thickness.  SjrmbolB  :  n^perimenter  of  cylinder, 
&= shortest  distance  between  cylinders.  In  columns  two  and  three 
the  unit  reluctance  is  tiiat  of  a  centimetre  cube  of  air.  In  columns 
four  and  five  the  unit  reluctance  is  so  chosen  (ss  in  the  rest  of 
Uieee  lectures  wherever  such  measures  are  used)  that  the  reducUon 
of  ampere-turns  to  msj^neto-motive  force  by  multiplying  by 
4  T  4- 10  is  avoided.  This  will  make  the  reluctance  of  the  incn 
cube  of  air  equal  to  10  -r  4  «-  -r  2*54  =  0-3132,  and  ite  penneance  aa 
3-1931. 

The  method  here  employed  in  eetimating  the  reluctance  of  the 
waste  field  Is,  of  course,  only  an  approxmiation,  for  it  aasumsB 
that  the  leakage  takes  place  only  in  the  planee  of  the  als^  ooo- 
sidered.  As  a  matter  of  fact,  there  is  always  some  leakage  out  of 
the  planee  of  the  slabs.  The  real  reluctance  is  always,  therefore, 
somewhat  less,  and  the  real  permeance  somewhat  greater  than 
that  calculated  from  Table  YIEL 

For  the  electromagnets  used  in  ordinarr  telegraph  instruments 
the  ratio  of  6  to  p  is  not  usually  verv  different  from  unity,  so 
that  for  them  the  permeance  acroes  from  limb  to  limb  per  inch 
length  of  core  is  not  very  far  from  5*0,  or  nearly  twice  the  per- 
meance of  an  inch  cube  of  air. 

We  are  now  in  a  position  to  see  the  reason  for  a  curious  state- 
ment of  Count  Du  Moncel  which  for  long  pussled  me.  He  statee 
that  he  found,  using  distance  apart  m  one  millimetre,  that  tbe 
attraction  of  a  two-pole  electromagnet  for  its  armature  was  lees 
when  tbe  armature  was  presented  laterally  than  when  it  wae 
placed  in  front  of  the  pole-ends,  in  the  ratio  6f  19  to  31.  He  does 
not  specify  in  the  passage  referred  to  what  was  the  shape  of  either 
the  armature  or  the  cores.  If  we  assume  that  he  was  referring  to 
an  electromagnet  with  cores  of  the  usual  sort — round  iron  with 
fiat  ends,  presumably  like  Fig.  11— then  it  is  evident  that  the  air 
gaps,  when  the  annatqre  is  presented  sideways  to  the  magnet, 
are  really  greater  tlum  when  the  armature  is  presented  in  the 
usual  way,  owing  to  the  oylindric  curvature  of  the  core.  So,  if  at 
equal  measured  aistanoe  the  reluctance  in  the  circuit  is  greater, 
the  magnetic  flux  will  be  lees  and  the  pull  lees. 

It  ought  also  now  to  be  evident  why  an  armature  made  of  iron 
of  a  fiat  rectangular  section,  though  when  in  contact  it  sticks  on 
tighter  edgeways,  is  at  a  distance  attracted  more  powerfully  if 
presented  flatways.  The  gaps,  when  it  is  presented  flatways  (at 
an  equal  least  distance  apart)  offer  a  lesser  ma^etic  relnctazioe. 

Another  obscure  point  also  becomes  explamable— >namely,  the 
obeervations  by  Lenz,  Barlow,  and  others,  that  the  greatest 
amount  of  magnetism  which  could  be  imparted  to  long  iron  ban 
by  a  given  circulation  of  electric  current  was  (nearly)  proportional, 
not  to  the  cross-sectional  area  of  the  iron,  but  to  its  surface.  The 
explanation  Is  this.    Their  magnetic  circuit  was  a  bad  one,  coq> 
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sisting  of  a  straight  rod  of  iron  and  of  a  retnm  path  through  air. 
Their  magnetising  force  was  being  in  reality  expended  not  so  much 
on  driving  magnetic  lines  througn  iron  (whicn  is  readily  perme- 
able), but  on  driving  the  ma^etic  lines  through  air  (whicn  is,  as 
we  know,  much  less  permeabfo),  and  the  reluctance  of  the  return 
paths  through  the  air  is — when  the  distance  from  one  to  the  other 
of  the  exposed  end  parts  of  the  bar  is  great  compared  with  its 
periphery— very  nearly  proportional  to  that  periphery— that  is  to 
say,  to  the  exposed  surface. 

Another  opmion  on  the  same  topic  was  that  of  Prof.  Miiller,  who 
laid  down  the  law  that  for  iron  bars  of  equal  length  and  excited 
by  same  magnetising  power,  the  amount  of  magnetism  was  pro- 
portional to  the  square  root  of  the  periphery.  A  vast  amount  of 
mdustrions  scientific  effort  has  been  expended  b^  Dub,  Hankel, 
Von  Feilitzsch,  and  others  on  the  attempt  to  verify  this  "  law." 
Not  one  of  these  experimenters  seems  to  have  had  the  faintest 
suspicion  that  the  raai  thin^  which  determined  the  amount  of 
magnetic  flow  was  not  the  iron  but  the  reluctance  of  the  return 
patn  through  air.  Von  Feilitzsch  plotted  out  the  accompanying 
curves,  Fig.  47,  from  which  he  drew  the  inference  that  the  law  of 
the  square  root  of  the  periphery  was  established.  The  very 
straightnessof  these  curves  show  that  in  no  case  had  the  iron  become 
80  much  magnetised  as  to  show  the  bend  that  indicates  approaching 
saturation.  Air,  not  iron,  was  offering  the  main  part  of  the 
resistance  to  magnetism  in  the  whole  of  these  experiments.  I  draw 
from  the  very  same  curves  the  conclusion  that  the  magnetisation 
is  not  proportional  to  the  square  root  of  i/he  periphery,  but  is  more 
nearly  proportional  to  the  periphery  itself ;  indeed,  the  angles  at 
which  the  different  curves  Mlongiug  to  the  different  peri^eries 
rise  show  that  the  amount  of  magnetism  is  very  nearly  as  the  sur- 
face. Observe  here  we  are  not  dealing  with  a  (Uosed  magnetic  cir- 
cuit where  section  comes  into  account ;  we  are  dealing  with  a  bar 
in  which  the  magnetism  can  only  get  from  one  end  to  the  other  by 
leaking  all  round  into  the  air.  if,  therefore,  the  reluctance  of  the 
air  paw  from  one  end  of  the  bar  to  the  other  is  proportional  to  the 
sariaoe,  we  should  get  some  curves  very  like  these  ;  and  that  is 


Fig.  47.— Von  Feilitzscli's  Curves  of  Magnetism  of  Rods  of 

Various  Diameters. 

exactly  what  happens.  If  yon  have  a  solid,  of  a  certain  given 
geometrical  form,  standing  out  in  the  middle  of  space,  the  con- 
dactanoe  which  the  space  around  it  (or  rather  the  medium  filling 
that  space)  offers  to  the  magnetic  lines  flowing;  thfbugh  it,  is 
practically  proportional  to  the  surface.  It  is  distinctly  so 
for  similar  geometrical  solids,  when  they  are  relatively  smiUl  as 
compared  with  the  distance  between  them.  Electricians  know  that 
the  resistance  of  the  liquid  between  two  small  spheres,  or  two 
small  discs  of  copper  immersed  in  a  large  bath  of  sulphate  of 
copper,  is  practicaUy  independent  of  the  distance  between  them, 
provided  tney  are  not  within  10  diameters,  or  so,  of  one  another. 
In  the  case  of  a  long  bar  we  may  treat  the  distance  between  the 
protruding  ends  as  sufficiently  great  to  make  an  approximation  of 
this  law  hold  good.  Von  Feilitzsch's  bars  were,  nowever,  not  so 
long  that  the  average  value  of  the  length  of  path  from  one  end 
suruce  to  the  other  end  surface,  along  the  magnetic  lines,  was 
infinitely  great  as  compared  with  the  periphery.  Hence  the 
departure  from  exact  proportionality  to  the  surface.  His  bars 
were  9-1  centimetres  long,  and  the  peripheries  of  the  six  were 
respectively  94*9,  90*7,  79-1^  67*6,  54-9,  and  42*9  millimetres. 

It  has  long  been  a  favourite  idea  with  telegraph  engineers  that  a 
long-legged  electromagnet  in  some  way  pos^esed  a  greater  '*  pro- 
jective power  than  a  short-legged  one — ^that,  in  brief,  a  long- 
^^KS^  magnet  could  attract  an  armature  at  a  greater  distance 
from  its  poMS  than  could  a  short-legged  one  made  with  iron  cores 
of  the  same  section.  The  reason  is  not  far  to  seek.  To  project  or 
drive  the  magnetic  lines  across  a  wide  intervening  air  gap  requires 
a  large  magnetising  force  on  account  of  ^e  great  reluctance,  and 
the  great  leakage  in  such  cases.  And  the  great  magnetising  force 
cannot  be  gpt  with  short  cores,  because  there Ja.  not,  with  short 
cores,  a  sufficient  lAigth  of  iron  to  receive  all  the  turns  of  wire 
that  are  in  such  a  case  essential.  The  long-le^  is  wanted  simply 
to  carry  the  wire  necessary  to  provide  the  requisite  circulation  of 
currentw 

We  now  see  how,  in  designing  electromagnets,  the  length  of  the 
iron  core  is  really  determined ;  it  must*  be  long  enough  to  allow  of 
the  winding  upon  it  of  the  wire  which,  without  overheating,  will 


carry  the  ampere-turns  of  exoitiag  current  which  will  suffice  to 
force  the  requisite  number  of  magnetic  lines  (allowing  for  leakage) 
across  the  raluctanoesin  the  useful  path.  We  shall  come  back  to 
this  matter  after  we  have  settled  the  mode  of  oalculating  the 
quantity  of  wire  that  is  required. 

Being  now  in  a  position  to  calculate  the  additional  magnetLsing 
power  required  for  forcing  magnetic  lines  across  an  air  gap,  we 
are  prepared  to  discuss  a  matter  that  has  been  so  far  ne^tocted — 
namely,  the  effect  on  the  reluctance  of  the  magnetic  circuit  of 
joints  in  the  iron.  Horseshoe  electromagnets  are  not  always 
made  of  one  piece  of  iron  bent  round.  They  are  often  made,  like 
Fig.  11,  of  two  straight  eores  shouldered  and  screwed,  or  riveted 
into  a  yoke.  It  is  a  matter  purdy  for  experiment  to  determine 
how  far  a  transverse  plane  of  section  across  the  iron  obstructs  the 
flow  of  magnetic  lines.  Armatures,  when  in  contact  with  the 
cores,  are  never  in  perfect  contact,  otherwise  they  would  cohere 
without  the  application  of  any  magnetising  force ;  they  axe  only 
in  imperfect  contact,  and  the  joint  oHhn  a  <K>m|iderable  magnetic 
reluctance.  This  matter  has  been  explained  by  Prof.  J.  J. 
Thomson  and  Mr.  Newell,  in  the  Cambridge  Philosophical  Society's 
Proceedings,  in  1887  ;  and  recently  more  fully  by  Prof.  Ewing, 
whose  researches  are  published  in  the  PhUoMophviU  Mageame  for 
September,  1888.  Ewing  not  only  tried  the  effect  of  cutting  and 
of  facing  up  with  true  plane  surfaces,  but  used  different  magnetis- 
ing forces,  and  also  applied  various  external  pressures  to  the 
joint.  For  our  present  purpose  we  need  not  enter  into  the  ques- 
tions of  external  pressures,  but  will  summarise  the  results  wnich 
Ewing  found  when  his  bar  of  wrought  iron  was  cut  across  by 
section  planes,  first  into  two  pieces,  then  into  four,  then  into  eight. 
The  apparent  permeability  of  the  bar  was  reduced  at  every  cut. 

Tabls  IX. — Effect  of  Joints  in  Wrought-iron  Bar  (not  compressed). 


H 

B 

Mean  thickness 

of  equivalent 

air  space  for 

one  cut. 

Thickness  of 
iron  of  equi* 
valent  refuc- 
tancepercut. 

Solid. 

Cut  in 
two. 

In 
four. 

In 

eight. 

Centi- 
metres. 

Inches. 

Cm. 

In. 

7-5 
15 

do 

50 
70 

8,500 
13,400 
15,350 
16,400 
17.100 

6,900 
11,550 
14,550 
15,950 
16,840 

4,809 

8,900 

12,940 

15,000 

16,120 

2,600 

5,550 

9,800 

13,300 

15,200 

ooooo 

0-0014 
0-0012 
O-0008 
0*0005 
0-0004 

4 

2-53 

1-10 

0-43 

0-22 

1-57 

1-00 

0-463 

0-139 

0-067 

Suppose  we  are  working  with  the  magnetisation  of  onr  iron 
pushed  to  about  16,000  lines  to  the  square  centimetre  (t.e.,  about 
1501b.  per  square  inch,  traction),  requiring  a  magnetising  force  of 
about  H= 50,  then,  referring  to  the  table,  we  see  that  each  joint 
across  the  iron  offers  as  mnSh  relnctanoe  as  would  an  air  gap  0-0006 
of  an  inch  in  thickness,  or  adds  as  much  reluctance  as  if  an  addi- 
tional layer  of  iron  at>out  one-sixth  of  an  inch  thick  had  been  added. 
With  small  magnetising  f  oroee  the  effect  (^  having  a  out  across  the 
iron  with  a  good  surface  on  it  is  about  the  same  ^  tfiough  you  had 
introduced  a  layer  of  air  one  six-hundredth  oTKirlnch  uiick,  or  as 
though  you  had  added  to  the  iron  circuit  about  lin.  of  extra 
length.  With  large  magnetising  forces,  however,  this  disappears, 
probably  because  of  the  attraction  of  the  two  surfaces  across  that 
cut.  The  stress  in  the  magnetic  circuit,  with  high  magnetio  foroes 
running  up  to  15,000  or  20,000  lines  to  the  square  centimetre,  will 
of  itself  put  on  a  pressure  of  1301b.  to  2301b.  to  the  square  inch, 
and  so  these  resistances  are  considerably  reduced ;  they  come 
down,  in  fact,  to  about  one-twentieth  of  their  initial  value.  When 
Ewing  specially  applied  compressing  forces,  which  were  as  large 
as  67fib.  to  the  square  inch,  which  would  of  themselves  ordinari^, 
in  a  continuous  piece  of  iron,  have  diminished  the  magnetisability, 
he  found  the  diminution  of  the  magnetisability  of  iron  itself  was 
nearly  compensated  for  by  the  better  conduction  of  the  cut  surface. 
The  old  surface,  cut  and  compressed  in  that  way,  cdoses,  as  it 
were,  magneticaUy  up — does  not  act  like  a  cut  at  all ;  but  at  the 
same  time  you  lose  just  as  much  as  you  gain,  because  the  iron 
itself  becomes  less  magnetisable. 

(To  he  cofUiwued,) 


GENERAL  POST  OFFICE. 


Yesterday,  the  Postmaster-General  laid  the  memorial-stone 
of  the  new  General  Post  Office  (Norch),  which  is  to  be  erected 
on  a  site  between  Angel-street  and  St.  Martin's-le-Graud.  The 
ceremony  was  witnessed  by  the  Post  Office  officials  and  others 
including  Mr.  Tanner,  of  H.M.'s  Board  of  Works  (the  architect), 
and  Mr.  Ohappell  (the  builder). 

The  Postmaster-General  d^ivered  an  interesting  address, 
dealing  with  the  progress  made  in  his  department.  Among 
other  things  he  pointed  out  that  in  1871  the  number  of  tele- 
grams was  nearly  ten  millions,  in  1889  it  was  62^  millions — that 
was  to  say,  that  in  18  years  the  number  had  increased  by  5(X) 
or  600  per  cent.  He  concluded  by  a  prophecy  that  if  the  business 
of  the  department  increased  at  its  present  rapid  rate,  the  hext 
century  would  see  the  erection  of  a  Geneiml  Post  Office  South. 
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THE  FIBE  AT  THE  LONDON  ELECTRIC. 

It  is  best  to  get  the  whole  truth  of  any  matter, 
and  in  these  days  of  the  electric  lighting  industry  it 
is  especially  necessary  to  get  at  the  very  root  of  any- 
thing that  seems  damaging  to  that  industry.  More 
or  less  troublesome  and  annoying  breakdowns  are 
certain  to  arise  where  machinery  is  largely  used, 
but  we  have  always  held,  and  we  still  hold,  the  view 
that  electricity  is  the  safest  illuminant  that  can  be 
used,  whether  considering  life,  health,  or  safety  from 
fire.  The  fire  at  the  station  of  the  London  Electric 
Company,  near  Bond-street,  came  as  a  surprise,  but 
a  careful  ascertainment  of  the  facts  at  first  hand  puts 
a  very  different  complexion  on  the  matter  to  what 
might  be  surmised  without  any  investigation.  What 
we  have  to  say  relates  principally  to  matters  of  fact — 
if  conclusions  or  deductions  are  to  be  drawn,  here 
are  the  broad  facts,  and  readers  must  draw  conclusions 
for  themselves. 

It  is  well  known  that  the  London  Electric 
Supply  Company  has  grown  out  of  the  original 
Grosvenor  Gallery  installation.  For  a  time  that 
installation  had  to  contend  against  many  and  varied 
troubles.  Then  came  Mr.  Ferranti,  who  put  the 
thing  square,  and  business  grew,  grew  to  a  greater 
extent  than  could  be  grappled  with  from  this  centre. 
The  inception  of  the  Deptford  central  station  came, 
and  the  work  of  preparation  has  been  going  on  there 
continuously  for  many  months.  During  this  latter 
period  legal  proceedings  have  been  carried  on,  ending 
in  an  injunction,  which  finally  caused  a  harried 
clearance  of  the  Grosvenor  GuUery  installation, 
perhaps  a  httle  time  before  Deptford  was  quite 
ready  to  take  up  the  work.  However,  the  change 
from  Grosvenor  Gallery  to  Deptford  necessitated 
temporary  arrangements,  and  the  accident  has  arisen 
because  of  these  temporary  arrangements.  Had  the 
permanent  apparatus  been  installed,  it  is  exceedingly 
doubtful  if  the  accident  could  have  happened,  and 
at  any  rate  the  lighting  would  have  been  continued 
almost  without  interruption.  From  Deptford,  as 
the  great  centre,  current  will  be  sent  to  three  distri- 
buting stations,  and  when  aU  three  are  in  working 
order,  an  accident,  similar  to  this  under  discussion, 
at  one  can  be  provided  for  by  the  others.  Unfortu- 
nately no  distributing  station  is  ready — ^the  one  where 
the  accident  took  place  was,  as  we  have  said, 
temporarily  fitted,  and  some  of  the  apparatus  for  the 
others  was  housed  therein. 

It  seems  that  the  fire  was  caused  by  the  man  in 
charge— an  old  hand,  too— -losing  his  presence  of 
mind  and  doing  just  the  very  thing  he  ought  not  to 
have  done.  For  some  reason  or  other,  instead  of 
inserting  a  plug  fairly  and  squarely,  the  man  partly 
inserted  the  plug  and  then  withdrew  it,  and  an  arc 
followed.  Still,  the  insertion  of  the  plug  would  have 
prevented  any  accidenti  or  the  turning  of  a  switch 
within  reach  would  have  cut  off  the  conductors ;  but 
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neither  the  one  nor  the  other  act  was  performed. 
The  arc  was  allowed  to  play  its  own  sweet  will,  and 
the  station  was  gutted  by  fire.  Of  coarse  there  were 
indiambber-covered  wires,  pieces  of  timber,  and 
other  combustibles  all  over  the  place,  owing  to  the 
transition  character  of  the  work.  The  station  itself 
is  fireproof,  so  only  the  contents  suffered  to  any 
great  extent.  This  being  the  only  station  of  the 
company  at  work,  the  whole  of  their  lighting  is 
necessarily  at  a  standstill.  We  have  no  hesitation 
in  saying,  however,  that  within  a  very  few  days,  we 
should  say  before  the  end  of  the  next  week,  appara- 
tus will  have  been  installed  and  the  lighting  resumed. 

It  will  be  at  once  recognised  that  this  accident  has 
nothing  whatever  to  do  with  this  or  that  system. 
It  has  much  to  do  with  the  personal  equation  of 
workmen.  We  may  go  so  far  as  to  say  that  in  dis- 
cussing this  affair  with  Mr.  Ferranti,  he  was  good 
enough  to  explain  that  his  permanent  apparatus 
precluded  the  possibility  of  an  arc  proving  dangerous. 
If  an  arc  should  occur,  it  will  take  place  in  the  air, 
with  nothing  combustible  near  it,  and  even  if  it 
should  fuse  the  brass  bars,  it  would  simply  proceed 
to  work  its  own  destruction. 

The  accident,  probably  out  of  sheer  cussedness, 
happened  at  the  most  inopportune  moment,  at  a  time 
of  transition,  at  a  time  when  all  spare  converters 
happened  to  be  gathered  together  in  that  one 
particular  place,  and  when  everybody  was  intent  upon 
getting  out  the  old  boilers  preparatory  to  putting  in 
the  permanent  fittings. 


BTE-PRODUCTS. 

What  a  pity  it  is  that  so  much  money,  time, 
and — ^well,  we  were  going  to  say  sense,  but  perhaps 
it  would  be  better  to  substitute  the  word  brains^ 
has  been  spent  in  endeavouring  to  make  the  bye- 
products  of  primary  batteries  the  first  consideration, 
and  the  current  given  out  quite  a  secondary  one. 
Knowing  that  primary  batteries  burning  zinc  are 
and  must  be  expensive  generators  for  lighting  pur- 
poses, patentees,  having,  in  many  cases,  we  are  afraid, 
a  very  shrewd  eye  to  the  main  chance  in  the  shape 
of  company  promotion,  weigh  in  with  bye-products 
as  a  counterbalance.  Granting,  for  an  instant,  that 
a  certain  bye-product,  say,  oxide  of  zinc,  is  of  com- 
mercial utility,  and  that  a  cell  does  (though  it  is 
usually  on  paper)  produce  a  sufficient  quantity  of 
this  to  reduce  the  working  expense,  there  yet  remain 
two  other  very  material  questions  unanswered. 
First,  who  will  buy  it  ?  and  second,  how  is  it  to  be 
collected  for  sale?  We  may  put  aside  the  first 
question,  because  it  really  depends  upon  the 
answer  to  the  latter.  It  seems  to  us  that  the 
use  of  primary  batteries  for  lighting  purposes 
will  necessarily  be  very  limited,  and  practically 
will  remain  confined  to  "  temporary  installations,"  as  I 


they  are  called,  or  country  house  work,  where  money 
is  no  object  to  the  owner.  But  temporary  installa- 
tions are  carried  out  by  electrical  engineers  who,  so 
far  as  our  experience  has  gone,  seem  to  prefer  accu- 
mulators to  primary  batteries,  and  would  not  be 
likely  to  take  up  the  latter  for  this  class  of  work  just 
to  be  able  to  sell  a  pound  or  two  of  oxide  of  zinc.  As 
far  as  country  houses  are  concerned,  the  difficulty  of 
collecting  the  bye-products,  even  were  they  turned 
out  by  the  battery  in  sufficient  quantities  to  warrant 
collection,  is  a  very  practical  bar  to  the  imaginative 
flights  of  inventive  genius.  Besides,  we  have  in 
London  an  estabUshment  using  enough  batteries  for 
a  whole  village,  and  where,  if  bye-products  could  be 
utilised  as  articles  of  merchandise  and  the  cost  of 
maintenance  thereby  reduced,  we  should  be  sure  to 
find  them  being  turned  out  by  the  ton — we  mean,  of 
course,  the  General  Post  Office.  But,  though  Mr. 
Freece  and  his  assistants  know  a  thing  or  two,  they 
do  not  yet  know  how  to  make  bye-products  pay,  and, 
what's  more,  donH  believe  anybody  else  does.  Nor 
do  we. 


MADAME  TUSSAUD'S. 


The  famous  exhibition  of  criminal  and  historical  waxwork 
figures  at  Baker-street,  known  throughout  the  civilised 
world  as  Madame  Tussaud's,  has  recently  been  completely 
lighted  up  by  the  electric  light  This  institution,  which  is 
now  almost  as  national  in  its  character  as  the  National 
Grallery  and  the  Tower  of  London  themselves,  being  one  of 
the  great  sights  of  London,  contains  many  historical 
portraits,  relics,  and  costumes  entirely  unique  and  irre- 
placeable, and  from  this  point  of  view  alone  is  worthy  of 
special  care  in  preservation.  But^  besides  this,  it  is  both  a 
most  valuable  property  in  its  fame  and  in  its  wax  and 
other  treasures,  a  show-house  surpassing  any  picture 
gallery  or  theatre  in  monetary  value,  and  also  a  pubhc 
place  of  visit  and  resort.  On  all  of  these  counts  the 
question  of  danger  from  fire  or  from  panic  has  to  be 
eliminiirf;ed  to  the  utmost  extent  possible  by  the  most  careful 
consideration  and  arrangement — from  fire  on  account 
of  the  inflammable  (or,  perhaps,  meltable)  nature  of  the 
contents,  and  from  panic  in  case  of  even  a  momentary 
extinction  of  light,  as  from  the  scattered  nature  of  the 
exhibits  they  are  liable  to  destruction  by  careless 
movements,  or  from  ignorant  persons  fancying  the  imitation 
jewels  and  valuables  to  be  real  and  snatching  at  thom  if  any 
pretext  were  oifered.  At  the  same  time,  the  crowds  of 
visitors  themselves  deserve  not  less  consideration  than  in 
the  best  arranged  theatre. 

The  directors  of  "  Madame  Tussaud's"  have,  therefore,  in 
determiningto  introduce  the  electric  light  throughout,  placed 
the  arrangement  of  the  plant  in  the  hands  of  Mr.  Gisbert 
Kapp,  who  has  designed  ^o  installation  in  full  considera- 
tion of  these  circumstances,  and  we  think  the  Tussaud 
installation,  which  we  fully  illustrate  herewith,  will  be 
found  to  present  an  example  of  the  ver^  best  attainable  in 
the  way  of  safety  and  thoroughness  m  electric  lighting. 
The  desideraia  which  Mr.  Kapp  has  here  set  himself  to  carry 
out  are — (1)  entire  duplication  of  plant  sufficient  each  to 
supply  the  inside  lighting,  ^2)  duplication  of  storage 
batteries  sufficient  to  run  half  the  lights,  (3)  absolute 
guarantee  against  entire  extinction  of  light  either  by  failure 
of  one  or  both  engines  or  dynamos,  or  one  or  both  storage 
batteries,  (4)  absolute  guarantee  against  danger  from  fire 
by  bad  joints  now  or  in  the  future,  and  (5^  absolute  absence 
from  vibration  from  the  engine.  It  will  be  interesting  to 
describe  how  these  desiderata  are  successfully  carried  out  in 
the  installation,  which,  though  publicly  inaugurated  on 
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Wednesday  last,  lias  been  practically  ranning  in  more  or 
less  complete  condition  for  somo  little  time.  The  contrac- 
tors selected  in  close  comnetition  to  carry  out  Mr.  Kapp's 
designs  were  Messrs.  Drake  and  Gorham. 

Plant. 

The  plant  consiste  of  two  16-h.p.  nominal  Otto  gae 
engines,  driving  two  20-kilowatt  shunt-wound  continuous- 
current  dynamos  made  by  Johnson  and  Phillips,  running 
at  a  speed  of  650  revolutions  at  a  voltage  to  vary — accord- 
ing to  whether  charging  or  supplying  direct — from  110  to 
liO  volts.  When  running  direct,  the  pressure  at  the  dynamo 
is  112  volta;  and  when  charing,  usually  about  140  volts. 
The  dynamos  are  regulated  by  rheostats  on  the  shunt 
circuit. 

There  are  two  main  batteries  of  112  E.P.S.  cells,  23L 
type,  of  a  joint  capacity  of  1,000  ampere-hours,  and  a 
small  supplementary  battery  of  240  ampere-hours,  IIL 
type,  to  supply  the  "  panic  "  cireuit  to  be  described  further 


^         )  works  separately,  and  is 
capable  of  supplying  direct  160  amperes,  juet  equal  to  the 


I  gae  engine  and  dynam 
nplying  " 


of  brickwork,  laid  quite  looee  aad  open  without  mortar,  to 
serve  to  take  up  any  vibration,  and  break  up  the  pulsations 
of  the  engine.  Then  finally  upon  this  was  kid  the  concrd« 
foundation  proper  in  one  solid  block  or  monolith  4ft.  thick, 
extending  over  the  whole  engine-floor.  Into  this  the  bolt* 
for  the  machinery  were  cemented  in,  and  the  foundation 
frames  of  the  machinery  itself  grouted  in.  The  whole 
machinery  and  foundation  block  is  thus  solidly  connected 
together,  and  at  the  same  time  rests  loosely  and  freely  upon 
the  floor  itself  through  the  brickwork,  lead,  and  cocoa 
fibre.  By  this  means  the  absolute  immunity  from  vibra- 
tion we  have  mentioned  is  attained,  and  without  great  cosL 

ClECUrra. 
For  perfect  security  of  light  every  room  is  served  with 
three  distinct  circuits — two  main  circuits,  and  a  "  panic  " 
circuit.  Each  room  is  so  arranged  that  half  of  the  lamps — 
every  alternate  lamp  or  group  of  lamps — is  supplied  by  a 
difl'erent  circuit  direct  from  the  dynamo-room.  Besides 
this,  every  room  has  at  least  one  lamp,  or  one  group  of 
lamps,  supplied  from  a  totally  distinct  circuit  from  the  small 
supplementary  or  panic  battery. 


SHOP 


Usdame  Tussaud's. — Plan  of  Engine  and  Battery  Room. 


current  necesBary  for  the  whole  inside  tights.     Each  gas 

engine  will  therefore,  on  emergency,  light  Uie  exhibition. 

Foundations. 

Both  on  account  of  the  exhibition  itself,  and  also  on 
account  of  the  artists  employed  for  designing  costumes  and 
making  the  models,  whose  studios  are  immediately  over 
the  engine-room,  the  very  greatest  care  has  been  necessary 
to  prevent  noise  and  vioration  from  the  machinery.  So 
successful  have  been  the  precautions  taken  that  not  the 
■lightest  tremor  is  to  be  noticed  in  the  immediate  room 
above,  even  with  the  most  delicate  brush  painting.  Very 
stringent  measures  have  been  taken  by  Mr.  Rapp  to  ensure 
this  result,  which  are  fully  shown  in  the  sectional  drawings. 
The  arrangement  shown  is  not  by  any  means  so  costly  as  it 
would  eeem  at  first  sight,  the  foundation  only  amounting 
to  some  £20. 

In  the  first  place,  after  excava^on,  a  bed  of  concrete  was 
laid  over  the  floor  18in.  thick,  and  carefully  smoothed  to  a 
flat  surface.  Upon  that  was  laid  a  layer  of  cocoa-nut  fibre 
^in.  thick,  which  was  eventnally  compressed  to  less  than 
|in.  by  the  superincumbent  mass.  Next,  to  protect  from 
moisture,  the  whole  was  covered  with  a  sheet  of  71b.  lead 
in  one  nobroken  surface.     Upon  this  was  laid  all  over  9in. 


The  space  above  the  upper  gallery  around  the 
dome  is  so  narrow — about  2ft.  6in.  only — that  it  would 
have  been  extremely  difficult  to  make  joints,  and  almost 
impossible  to  inspect,  repair,  or  solder  them  afterward. 
The  method  was  therefore  adopted  of  having  no  soldered 
joints  at  all ;  every  lamp,  or  every  group  of  lamps,  has 
been  run  with  its  unbroken  wire,  lead  and  return,  direct  from 
the  ceiling  rose  to  the  fuse-box.  There  is,  therefore,  no 
danger  from  defective  joints  immediately  or  in  the  future 
to  be  feared.  £ach  floor  has  therefore  three  circuits,  and 
each  circuit  has  its  own  set  of  fuse-boxes.  These  fuse-boxes 
are  of  Drake  and  Qorham's  pattern,  modified  by  having 
friction  or  plug  fusee  instead  of  screw  fuses.  Each  positive 
circuit  has  a  tuse-boz  distributing  up  the  current  to  each 
lamp  (or  group  of  lamps)  through  its  own  fuse  wire.  In 
returning,  the  whole  negatives  ore  led  to  one  terminal  and 
served  with  one  main  fuse,  thus  making  a  double-pole 
cut-out  to  each  circuit.  These  fuse-boxes  are  placed  at  con- 
venient positions  outside  the  staircases,  and  in  case  of  a 
lamp  going  wrong  its  fuse  can  be  inspected  at  once. 

There  are  no  switches  anywhere,  except  in  the  engine- 
room,  to  prevent  any  tampering  by  the  public  or  possibility 
of  mnic  thereby. 

The  switchboard  is  placed  in  a  compartment  by  itself  in 
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DUN6ANN0N   (IRELAND). 

At  the  last  meeting  of  the  Dungannon  Town  Com- 
missiotiers,  Lord  Banfurly  (the  chairman)  again  brought 
forward  the  proposal  to  light  the  town  by  the  electric 
light,  stating  that  he  was  most  particularly  anxious  to 
have  it  done.  There  were,  he  said,  so  many  com- 
plaints against,  and  so  much  friction  with,  the  gas 
company  that  it  would  be  most  desirable  to  have  the 
scheme  carried  out.  He  could  not  promise  that  the  electric 
light  would  be  much  cheaper  than  the  present  rate  for  gas, 
but  it  would  be  equally  as  cheap.  What  was  necessary  was 
to  collect  as  many  names  as  possible,  both  public  and 
private,  in  order  to  find  out  the  support  they  would  have  in 
the  undertaking,  and  the  number  of  persons  who  would 
avail  themselves  of  the  new  light.  He  himself  would  take 
100  lamps,  and  the  Commissioners  had  something  like  120 
lamps  at  present  under  their  control.  He  wouui  enquire 
further,  however,  into  the  matter. 


CORRESPONDENCE. 


THE  ORIGIN  OP  ELECTROLYTIC  BLEACHING. 

To  THE  Editor  of  The  Electrical  Engineer. 

Sir, — Mr.  Watt,  in  his  article  on  electrolytic  bleaching 
(Electrical  En^neer,  Oct.  31,  1890,  p.  380),  has  developed 
once  more  his  theory  that  "electrolytic  processes  which 
had  been  abandoned  by  their  inventors,  solely  owin^  to 
the  cost  of  the  current  produced  by  batteries,  have  from 
time  to  time  been  reintroduced  as  absolute  novelties,''  and 
he  has  given  a  few  extracts  from  a  patent  obtained  in  1851 
by  his  brother,  Charles  Watt,  to  "show  the  close  resem- 
blance between  this  invention  and  many  subsequent  patents 
which  have  been  based  upon  its  essential  details  and  claims." 
Cleverly-made  extracts  from  a  document  sometimes  supply 
arguments  to  demonstrate  the  reverse  of  what  the  docu- 
ment itself  would  have  proved.  Such  is  the  case  with  Mr. 
Charles  Watt's  patent,  which  covers  no  less  than  four  so- 
called  inventions — i.6.,  "  the  decomposition,  by  the  agency 
of  electricity,  of  saline  or  other  substance  in  solution, 
olaced  in  a  vessel,  divided  into  two  or  more  parts  or 
compartments  by  a  partition  or  partitions  composed 
of  porous  materials " ;  second,  "  a  mode  of  preparing  the 
metals  of  the  alkalies  and  alkaline  earths  by  the  united 
action  of  electricity  and  heat'' ;  third,  "a  mode  of  convert- 
ing chlorides  of  potassium,  of  sodium,  and  of  the  metals  of 
the  alkaline  earths  into  hypochlorites  and  chlorates  by 
means  of  a  succession  of  decompositions  in  the  solution  of 
the  salt  operated  upon  when  induced  by  the  agency  of 
electricity  ;  and  fourth,  "  a  mode  of  separating  metals 
from  each  other  by  the  agency  of  a  current  or  currents  of 
electricity,  and  by  means  of  vessels  divided  in  two  or  more 
compartments  separated  from  each  other  by  porous  parti- 
tions, such  metals  being  at  the  same  time  freed  from 
impurities." 

Everyone  who  has  studied  the  electrolytical  production 
of  hypochlorites  will  protest  against  the  statement  made  by 
Mr.  A.  Watt,  that  the  process  patented  by  his  brother  in 
1851,  "  now  common  property,  may  be  adopted  by  anyone, 
it  being  perfectly  practical." 

It  would  be  a  pity  if,  on  the  eve  of  1891,  having  made 
no  progress,  we  were  compelled  to  adopt  a  process  which  is 
not  better  now,  with  cheap  electrical  power,  than  it  was  in 
1851  without  it. 

Charles  Watt's  electrolytic  bleaching  consists  in  decom- 
posing a  concentrated  solution  of  chloride  of  sodium  by 
means  of  the  electric  current,  such  solution  being  kept  hot, 
by  means  of  vessels  divided  into  compartments  separated 
from  each  other  by  porous  partitions  and  in  presence  of 
carbon  electrodes. 

I  am  sorry  to  have  to  say  that  carbon  electrodes  cannot 
be  used  in  an  electrolytic  tank  when  a  bleaching  liquor  is 
prepared  from  a  chloride  solution.  Experte  crede  Boberto. 
This  I  will  explain  in  an  article  on  the  conditions  of  elec- 
trdvtic  bleaching. 

Heat  must  be  avoided.  A  concentrated  solution  means 
a  considerable  expenditure  and  an  enormous  loss  of  chloride 
of  sodium. 


The  use  of  a  diaphragm  is  still  less  economical,  its  great 
resistance  debarring  it  h\>m  use  on  a  practical  scale,  as  it 
necessitates  a  larger  consumption  of  coal  to  obtain  from  the 
chloride  solution  a  given  quantity  of  chlorine. 

From  every  point  of  view,  therefore,  there  is  really 
nothing  which  may  be  of  any  service  to  the  electrician  of 
this  age  in  the  method  exhumed  by  Mr.  A.  Watt,  and 
the  whole  process  must  be  rejected  aa  worthless  and  im- 
practical. 

Mr.  A.  Watt  is  right  when  he  points  out  that  all  that  is 
necessary  is  to  convert  solutions  of  common  salt  or 
chloride  of  magnesium  into  bleaching  liquor,  but  hoc  qpusUc 
Idbor  est.  It  is  not  such  an  easy  thing  to  do,  and  nobody 
yet  has  completely  succeeded  in  this  task.  He  is,  however, 
wrong  when  he  thinks  that  carbon  electrodes,  heat«  a  con- 
centrated chloride  solution,  and  a  porous  partition  will 
allow  the  problem  to  be  solved,  and  he  is  still  more  in  the 
wrong  when  he  speaks  of  regenerating  ad  infinUum  the 
bleaching  liquid. 

I  regret  I  cannot  go  into  details  and  show  to-day  the 
delusion  under  which  he  is  when  speaking  of  regenerating 
chlorine  from  a  solution  after  it  has  bleached  paper  pulp. 
Let  us  now  see  what  right  Charles  Watt  had  to  claim  that 
he  invented  electrolytic  bleaching — i.e,,  the  electrical 
production  of  hypochlorites. 

In  1840,  Th.  Leikauf  made  experiments  on  bleaching  by 
electricity,  but  they  hardly  deserve  to  be  mentioned. 

Mr.  A.  Watt  says  that  all  the  electricians  who  tried  to 
bleach  have  copied  his  brother's  process ;  to  this  I  reply 
that  Charles  Watt  was  not  the  first  and  true  inventor  of 
the  electrolysis  of  chlorides,  of  the  production  of  chlorates 
and  hypochlorites,  and  of  the  electrolytic  bleaching. 

The  precursors  of  Charles  Watt  are  numerous,  and  the 
following  quotations  will  show  that  there  was  nothing  new 
in  the  so-called  invention  of  Charles  Watt  "  for  converting 
chlorides  into  hypochlorites  and  chlorates  by  electricity, 
which  first  eliminates  the  chlorine  at  one  electrode  and  the 
alkaline  at  the  other  electrode." 

I  find  in  Gruelin's  **  Handbook  for  Chemistry  "  (London, 
1848),  that  a  solution  of  common  salt  gives  CI  at  the  +  H 
gas  and  soda  at  the  -  pole.  The  salt  is  probably  first 
resolved  into  chlorine  and  sodium,  and  the  sodium  is 
oxidised  by  the  water,  for  when  the  cathode  consists  of 
mercury,  sodium  amalgam  is  produced."  (Higgins  and 
Draper,  North  Edinburgh  Philosophical  Journal,  14,  p.  314.) 
Is  Mr.  A.  Watt  ignorant  that  before  Charles  Watt 
patented  his  (?)  invention  for  producing  hypochlorites  by 
electricity  Brande  had,  in  1820  (see  his  "Manual  of 
Chemistry,"  London,  W.  Parkes,  1848,  T  1,  p.  222),  sug- 
gested the  possibility  of  applying  electrolytic  hypochlorite 
of  sodium  to  the  art  of  calico  printing,  and  showed  that  by 
bringing  a  small  disc  or  figure  of  platinum  rendered  electro- 
positive upon  a  piece  of  coloured  calico  imbued  with 
a  solution  of  salt,  and  stretched  over  an  electro-negative 
surface,  white  spots  or  patterns  might  be  produced  by  the 
nascent  chlorine,  and  that  by  reversing  the  electric  state  of 
the  patterns  the  alkali  evolved  would  produce  variously 
coloured  patterns  upon  grounds  properly  prepared. 

A  patent  was  taken  by  M.  Bagg  for  a  similar  application, 
in  which  he  proposed  to  produce  various  colours  bv  the 
use  of  patterns  formed  of  plates  of  various  metals  and  alloys, 
acting  upon  different  saline  solutions. 

It  is  exhilarating  for  the  toilers  who  had  to  struggle 
against  the  many  difficulties  which  electric  bleaching  pre- 
sents to  read  the  statement  made  by  Mr.  A.  Watt,  for  the 
guidance  of  i)aper  makers  as  to  the  advisability  of  adopting 
his  brother's  process. 

Let  every  paper  maker  be  his  own  bleacher  in  this 
manner  ;  he  will  soon  know  what  sort  of  client  he  has 
when  after  having  adopted  the  system  invented  (?)  and 
patented  by  Charles  Watt  in  1851,  he  ascertains  that  the 
40  years'  old  process  for  bleaching  costs  him  two  or  three 
times  more  than  the  use  of  bleaching  powder. 

I  will  not  quote  the  many  scientific  papers  printed  before 
Charles  Watt's  patent  on  the  electrolysis  of  salts  and 
chlorides  and  its  applications;  I  will  merely  refer  the 
reader  to  the  English  patent  granted  to  Cook  in  1851  (No 
13,620),  before  the  letters  oatent  to  Charles  Watt  were 
sealed  (No.  13,755),  and  also  quote  the  French  patent 
I  granted  two  years  before  to  Pe  Grormini,  6th  February, 
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1849  (No.  3,993),  of  which  the  text  runa  as  follows:  "I 
dissolve  chloride  of  sodium  in  water,  in  the  proportion  of 
50  grammes  of  sea  salt  for  every  litre  of  water,  that  is, 
100  kilos  for  2,000  litres;  I  then  submit  this  saline 
solation  to  the  action  of  a  galvanic  battery ;  the  salt  is 
decomposed  into  chlorine  and  sodium  as  fast  as  the 
metal  is  formed,  its  decomposing  action  on  the  water  is 
added  to  that  of  the  battery." 

Soda  is  formed  at  the  n^ative  pole,  while  the  chlorine 
combines  both  with  the  oxygen  and  hydrogen  to  form 
hydrochloric  acid  at  the  positive  pole  and  hypochlorous 
acid,  which  combines  with  the  soda,  to  form  hypochlorite 
of  cK>dium,  which  remains  in  solution,  and  which  can  be 
obtained  in  proportion  to  the  duration  of  the  passage  of 
the  current  The  proportion  of  chloride  of  sodium  I  have 
given  is  more  than  sufficient  to  give  the  strength  of  the 
best  eau  dejavd,  yielding  six  chlorometric  degrees,  and  can 
even  be  worked  to  8deg.  or  lOdeg.  But  instead  of  50 
grammes  being  dissolved  per  litre,  100,  200,  or  enough  salt 
to  saturate  the  solution  can  be  used,  and  then  by  prolonging 
the  action  of  the  current  until  the  salt  u  almost  completely 
decomposed,  a  hypochlorite  can  be  prepared  which  can  be 
diluted  to  the  required  strength. 

It  is  obvious  that  the  number  of  cells  in  the  battery,  or 
the  power  of  these  cells,  must  be  in  proportion  to  the 
amount  of  product  required  in  a  certain  time,  or,  wee  versd, 
in  proportion  to  the  time  during  which  a  given  quantity  of 
saline  solution  is  to  be  transformed. 

I  will  also  point  out  that  the  action  of  the  battery  will 
be  found  to  be  in  proportion  to  the  amount  of  surface  in 
contact  with  the  solution  to  be  decomposed. 

The  low  cost  of  salt  allows  the  bleachins  hypochlorite, 
called  eau  de  javd,  to  be  produced  very  cheaply  by  this 
process,  but  it  can  be  prepared  still  more  economically  by 
working  in  the  same  manner  with  the  action  of  the  battery 
on  the  chloride  oi  sodium  contained  in  sea  water,  or  really 
on  a  solution  containing  less  salt  than  the  proportions  I 
have  indicated  above. 

''To  facilitate  and  accelerate  the  formation  of  hypochlorite 
of  soda,  it  is  necessary  to  fix  a  shaft  supplied  with  paddles 
between  the  two  conductors  in  the  liquor,  so  that  the 
rotation  imparted  to  it  will  keep  the  liquor  continually 
Mgiiated." 

I  think  I  have  made  clear  that  this,  Charles  Watt's, 
l>atent  for  bleaching  no  more  resembles  an  inven- 
tion than  the  part  of  it  which  refers  to  the  separation  of 
metalH,  and  which  Mr.  Alexander  Watt,  who  knows  electro- 
metallurgy more  than  bleaching,  carefully  avoided  to 
mention  in  his  books  on  electro-deposition  and  on  electro- 
metallurgy. I  very  much  respect  Mr.  Alexander  Watt's 
fraternal  feelings,  but  they  have  carried  him  too  far  when 
he  drops  on  the  different  electricians  whose  object  is  to 
realise  progress  in  the  application  of  electrolysis  to  a  great 
industry. — Yours,  etc.,  E.  Andrkoli. 

62,  Loughborough-park,  S.W. 


ME.  ESSON  AND  INDUSTRIALISM. 
To  THB  EDrroR  of  the  Elbctrical  Engineer. 

Sir, — I  cannot  allow  the  address  of  Mr.  Esson  to  the  Old 
Students'  Association  to  pass  without  a  protest.  On  page 
437  of  your  last  issue  what  he  says  about  the  improvidence 
of  the  working-man  is  a  slander,  and  I,  as  a  workman  and 
very  old  student  in  every  sense  of  the  word,  denounce  those 
teachers  who  from  their  lofty  position  can  find  nothing  too 
strong  with  which  to  whip  the  back  of  the  British  workman. 
Will  Mr.  Esson  please  tell  us  workmen,  if  we  become  good 
and  abstain  from  beer  and  'bacca,  who  is  going  to  pay  the 
revenae  of  32  millions  got  from  the  same  1  When  Mr. 
Esson  goes  into  the  social  question  he  gete  out  of  his  depth. 
On  page  438  he  says,  "  It  is  not  to  the  State  that  we  owe 
useful  inventions,"  etc. 

Now,  Mr.  Esson,  in  times  of  peace  men  invent,  but  those 
same  men  could  not  invent  if  there  was  a  continual  war 
going  on  in  their  street.  On  the  contrary,  they  would  be 
thinking  of  fighting,  but  the  Government  of  the  country, 
with  the  aid  of  the  army,  etc.,  preserves  peace.  Hence, 
those  inventors  could  not  have  invented  had  not  the  State 
taken  them  under  its  (Eternal  wing.  On  page  439  Mr. 
EasoQ   says:    "The   gospel  of  State  socialism  is    mere 


rubbish."    What,  I  ask,  is  the  army,  navy,  and  police,  also 
post  ofiKce,  if  not  State  socialism  f 

Trusting  you  will  insert  this,  from  an  old  student  of 
Finsbury  College,— Yours,  etc.,        James  Hubcphries. 

43,  Clipstone-street,  Fitzroy-square,  W.,  November  15. 


RULE  FUR  ELECTRIC  BELL  AND  ALARM  WIRING. 
To  THE  Editor  of  The  Electrical  Engineer. 

Sir, — Anyone  who  has  read  my  rule  thoroughly  (see 
Electrical  Engineer^  November  7)  will  understand  that  it  is 
applicable  and  useful,  not  only  in  simple  electric  bell  instal- 
lations, but  also  in  fire  and  burglar-alarm  wiring,  gas  light- 
ing apparatus,  electric  clocks,  telephones,  eic.  Mr.  Koerber's 
rule  {vide  his  letter  last  week)  presumes  that  there  is  a  push 
for  every  "  red  wire  "  to  be  connected  to,  and  a  bell  for 
every  *'  blue  wire  "  to  be  connected  to,  and  his  distinction 
between  "  return  "  and  "  line  "  wires  is  not  clear. 

I  congratulate  him  on  the  improvements  and  devices 
which  he  has  originated  in  connectian  with  bell  fitting,  but 
I  fail  to  see  what  bearing  they  have  upon  the  question  in 
hand. — Yours,  etc., 

W.  Perren  Maycock,  A.M.lnstE.K 

Croydon,  November  19,  1890. 


We  have  received  a  communication  from  Mr.  Wm.  Ed  wards 
contradicting  Mr.  Adam  Koerber's  statement  that  he  was 
the  first  to  introduce  strip  rubber  for  covering  bell  wires 
and  tinned  wire,  and  asserting  that  he,  Mr*  Edwards, 
taught  the  first-named  improvement  to  Mr.  Koerber,  who 
bought  his,  Mr.  Edwards's,  father's  business  some  14  years 
ago — Mr.  Edwards,  sen.,  having  succeeded  Mr.  Wm.  Sherring, 
the  originator  of  the  improvement. 


ELECTRICITY  FOR  MINES. 


In  the  course  of  his  presidential  address  to  the  Mauoheater 
Geological  Society,  delivered  last  week,  Mr.  John  S.  Burrows 
made  some  remarlu  on  electricity  as  applied  to  coal  mining. 

A  few  years  back,  he  said,  great  hopes  were  raised  that 
portable  electric  lamps  were  so  perfected  as  to  be  able  to 
displace  oil  lamps,  but  he  regretted  to  say  that  this  expectation 
haa  not  yet  been  fulfilled.  The  advantages  of  such  a  lamp  were 
too  obvious  to  need  comment.  The  beautiful  light  hermetically 
sealed  from  contact  with  the  surrounding  atmosphere  seemed 
the  very  thins  required  for  their  coal  mines.  There  were  two 
forms  of  this  lamp,  one  with  a  secondary  battery  requiring  to  be 
charged  from  a  dynamo,  and  the  other  with  a  primary  battenr, 
where  the  waste  of  the  elements  was  replaced  by  refilling  like 
an  oil  lamp.  He  had  not  been  able  to  secure  one  of  this  latter 
type.  Lamps  of  the  former,  or  secondary  battery  type,  in  his 
opinion  enly  required,  to  be  a  success,  that  the  arrangements 
should  be  so  iJtered  as  to  prevent  the  charging  solution  (one 
part  of  strong  sulphuric  acid  to  nine  parts  of  water)  from  getting 
to  the  metaUic  connections,  and  so  destroying  them.  The 
charging  was  simple  ;  a  current  strength  of  7-lOthB  of  an  ampere 
at  a  potential  of  10  volts  for  10  hours,  was  all  that  was  requured, 
and  he  trusted  the  makers  of  the  lamp  would  persevere  till  they 
had  overcome  what  was  the  only  drawback. 

Without  pretending  to  any  gift  of  prophecy,  he  could 
conceive  of  a  time  when  electricity  would  be  carried  throughout 
the  workings  of  a  coUiery,  both  to  give  light  and  supply  power. 
Though  much  must  be  done  before  electricity  could  be  applied 
in  this  wholesale  manner,  enough  had  already  been  done  to 
show  that  if  certain  difficulties  could  be  overcome,  such  as 
sparking  at  the  brushes,  the  use  of  electricity  in  coal  mines  was 
quite  possible,  and,  he  thought,  economical.  When  necessity 
compeUed  its  use  wonderful  progress  would  soon  be  made. 
Machinery  for  coal-cutting  and  drilling,  driven  by  electricity, 
was  in  the  market,  though  he  had  not  seen  any  at  work. 
Pumping  by  electricity  was  and  had  been  an  accomplished  fact 
for  some  time  in  the  Forest  of  Dean,  Yorkshire,  and  elsewhere. 
A  40-h.p.  electric  locomotive  weighing  5^  tons  was  now  at  work 
at  an  American  colliery  hauling  tubs  on  a  level  underground, 
and  the  lighting  was  done  by  the  same  cables  apparently 
with  success,  fi,  then,  they  could  reduce  the  labour  of 
the  collier  to  supervision  of  his  ooal-outtuig  machines, 
spragging,  and  propping,  and  filling  coal  into  tuhe,  all  of 
whicn  operations  could  be  performed  in  the  full  current 
of  air,  they  should  have  done  a  great  deal  towards 
making  the  higher  temperature  bearable.  They  had  now 
working  at  Athertou  Collieries  a  small  experimental  plant 
for  winding  coal  tubs  up  a  downbrow,  the  motive  power 
being  electricity.    This  arrangement  worked  continuously,  and 
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lud  never  failed  except  when  the  breakdown  oould  be  clearly 
tnced  to  Bome  defect  in  conatntction  of  the  generator  or  the 
•erriee  ;  in  fact,  with  fint-rste  AppliancM  there  aeemod  no 
reaaon  to  fear  a  breakdown,  any  more  than  with  a  ateam 
engine,  and  if  they  kept  a  spare  arniature  in  reserve,  the  faulty 
armature  of  either  machine  could  be  replaced  in  30  or  40 
minutea.  In  putting  up  a  large  electromotive  plant  the  fint 
coat  would  probably  be  leas  than  for  a  limilarly  powerful  plant 
for  comprewed  air,  aaauming  the  eteam  euKinea  to  be  the  same, 
the  KUierator  belta  and  countershaft  would  not  cost  as  much 
aa    the    air-oompreaaing   oylindera  and    receiven.      The   air 


WIU.ANS-KAPP. 

The  accompanying  iUiutration  sbows  a  Willani  engine 
and  a  Rapp  dynamo,  built  by  Messrs.  Johnson  and 
Phillips,  on  the  same  bed-plate.  Both  engine  and  dynamo 
are  too  well  known  to  need  detailed  explanation.  The 
table  below  shows  the  economy  and  efficiency  of  the  com- 
bination, and  speaks  voiy  highly  for  the  productiona  of 
these  makers. 


WlUana-Kapp  Combined  Engine  and  Dynamo. 


pipes,  bearers,  and  cost  of  Uxiiig  the  pipes  would  well  cover  the 
cost  of  the  cables.  The  motor  and  atutfting  underground  would 
cost  no  more  than  the  air  engines,  and  the  drum  orother  hauling 
gear  would  be  the  same  in  both  cases.  Against  all  this  there 
was  one  great  drawback — namely,  sparking  at  the  brushes  ;  in 
a  main  road  this  would  not,  perhaps,  matt«r  much,  but  it  would 
prevent  the  application  of  electricity  aa  a  motive  power  in  the 
workings,  unless  some  means  were  found  bi  obviate  this  danger. 
In  conclusion,  it  seemed  to  him  that  very  little  progress  had 
been  made  in  the  600  years  of  coal  mining,  eepeciollv  in  the 
lighting  of  mines,  and  in  appliances  for  saving  manual  labour, 
but  in  time  electricity  would  revolutionise  both  their  defec- 
tive means  of  lighting  and  their  old-fashioned  plan  of 
getting  coal  by  hand  labour.  He  knew  that  coal-cutting 
machines  had  been  tried  from  time  to  time  during  the  past  30 
yean,  but  (apart  from  any  imperfections  in  the  machinea  them- 
selves, the  nitherLo  abundant  supply  of  labour,  and  the  great 
cost  of  air-compresaing  plant)  he  believed  that  the  difficulty  of 
maintaining  rigid  iron  pipes  in  mines  where  the  floor  lifted,  and 
where  the  roof  fell  or  had  to  be  taken  down,  had  deterred  many 
from  giving  machinery  a  trial.  The  laying  and  maintenance 
of  flexible  electric  cables  would  be  a  much  simpler  matter, 
and  they  could  (easily  be  removed  when  desired.  Certainly 
electricity  was  yet  in .  its  infancy,  but  it  was  a  promis- 
ing infiint  and  was  likely  to  develop  into  a  giant  some  day. 
Let  him,  then,  earnestly  recommend  their  younger  members  to 
avail  themselves  of  the  many  opportuntUes  of  acquiring  some 
knowledge  of  electrical  science  before  the  responsibility  and 
work  inseparable  from  the  management  of  large  conoems  left 
them  no  leisure  and  oft«n  less  inclination  to  take  up  more  brain 
work.  To  their  older  members  he  ventured  lo  suggest  that  it 
was  worth  while  encouraging,  as  far  as  might  be,  the  eftorta  of 
thoae  who  were  seeking  to  provide  them  with  a  servant  so 
powerful  and  efficient  as  electridty. 


CONHITHITION    TRIAL,  Ku.  Btj2,  rOU  BlBMINRnAM  P.O. 


Engine  No 

982 

Dynamo  No.  S3. 

Date,  August  8,  18M.       Present,  Mr.  Low. 

lOOIb. 
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X' 
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4W 
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* 
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ai-0, 
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112 

1,700 

» 

56 

34 

Mean  447-2 

112 

Kilowatts  50-2 

Indicated  H.F.  =  7g-7.  Electrical  H.P.=67-4.  Commercial 
eSciency=S4'fl  percent.  Total  water  per  hour,  including  eecap* 
from  jet  cocks,  1,8071b.     271b.  of  steam  per  B.H.P.  hour. 
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PLAN  OF  BOMB  A  r  UOHTING. 


PHYSICAL  SOCIETV— Nov.  14.  1880. 

Prof.  W.  B.  ArBTON,  F.R.S,,  Pr«flid«nt,  in  tfae  chair. 
The  foUowing  commanicatioDa  were  node : 
"Ob  Oartkln  BelMtona  KxlMto(   Aatancst   tha   BaftmotlTa 
IndlBia  of   tlu   ChMDlOKl   Uemonta,*  b;  the  Bar.  T.  Palluua 

Sato,  ILA.  The  Grel  port  of  the  paper  oorroborates  tha  raanlts 
aoDcniDced  in  a  oommnnication  maae  in  May,  1889,  on  the  same 
sabject,  and  sayi  that  as  far  aa  experimental  datA  are  forthooming 
the  refraction,  >•  — l.  divided  by  the  vapour  density,  d,  ia  equal  to  a 
uonitant  multiplied  by  same  iDteger.  Several  metals,  whose 
refraotioDB  have  since  b«en  determined,  conform  to  this  law.  On 
examinias  the  rriation  between  molecular  weight,  M,  and  refrac- 
tion, aimSar  ooncluBioni  are  arrived  at,  for  to  a  fair  degree  of 
approximation  the  ratio,  M//t^l,  ia  a  constant  or  a  simple 
mnttiple  of  this  constant.  The  qaeation  as  to  how  far  the  relation, 
f>-l/E(  =  C,  holds  good  for  tbe  same  element  in  the  three  states  of 
vapour,  liquid,  and  solid,  has  been  examined  as  far  aa  data  exist 
for  this  purpose.  The  r«saUtnj;  nambers  are  not  identical,  but 
•ome  of  the  data  tbemMtves  are  doabtfal.  Another  relation  is 
between  the  molecular  distances,  A  (see  Proc.  Physical  Society, 
vol.  ix.,  p.  167)  and  the  atomic  weight,  a,  of  the  elements,  k  beinj; 
nearly  proportional  to  >/ai  In  the  case  oE  eeleniam,  aulphur, 
Bod  pbosphorDB,  the  agreement  is  dose,  but  for  bromine, 
chlorine,  and  carbon,  not  so  good.  A  fifth  relation  appears 
to  exist  between  the  upper  limit  of  refraction  and  t^ 
line  spectra  of  elements.  For  example,  the  upper  limit  of 
refraction  for  selenium  occurs  at  wave-length  S295'7,  whilst  its 
spectrum  exhibits  a  remarkable  series  of  strone  lines  about  this 
wave-length.  A  similar  relation  apparently  holds  with  sulphur, 
phosphorus,  and  bromine.  Gold  abo  shows  a  series  of  strong  Unee 
about  C,  in  the  vicinity  of  which  the  metal  has  the  greatest 
reflective  power.  The  author  finds  that  selenium  polarises  and 
reflects  nearly  all  the  light  that  falls  on  it  at  a  large  angle,  and 
suKgeats  that  it  may  be  used  in  polariscopes.  He  has  also 
endeavoured  to  conneot  together  the  pbenomeoa  of  a  limit  of 
refraction  and  anomalous  dispersion.  In  the  case  of  Fuchsin  the 
dark  space  coincides  with  the  limit  of  refraction,  and  the  same  is 
probably  true  of  cyanio.  If  one  of  the  anomalous  indices  be  given 
the  other  can  be  found.  He  also  believee  that  bodies  of  high 
molecular  weight  give  anomalous  dispersion,  and  thinks  solutions 
of  iodine  will  exhibit  the  phenomenon.  The  mathematical  investi- 
gation of  the  whole  subject  involved  difBculties  arising  from  the 
want  of  reliable  data,  and  the  author  hopes  that  some  member  will 
take  up  the  aeceesary  experimental  determinations. 

I>r.  Oladstone  thought  the  author  underestimated  the  amount 
of  work  done  and  in  progress  on  the  subject,  for  the  question 
whether  ii-ljd'm  constant  or  not  ia  so  being  investigated  by  manv. 
The  French  physicists,  he  said,  bad  found  the  quantity  nearly 
constant,  but  Lorenz's  expression,  n'  -  1/  n'  +  2,  is  slightly  better 
when  applied  to  compounds  in  tha  liquid  and  ga«eous  states. 
Metals  were  difficult  to  deal  with,  especially  as,  according  to  the 
recent  paper  of  Du  Bois  and  Reubens,  their  refractions  do  not 
follow  the  law  of  sines. 

Mr.  Dato  here  suggested  that  they  might  be  related  to  hyperbolic 

Dr.  OtaAstOBa,  continuing,  said  that  by  taking  solutions  of 
metals,  it  was  found  that  their  specific  refractive  energies  were 
nearly  inversely  as  the  square  of  their  combining  weight,  but  at 
present  the  known  cases  were  not  sufficient  to  establish  a  law. 

Trot  Xnokar  said  that  of  the  two  expressions,  fi  -  I/<f  and 
M*  -  llit'+2,  the  latter  seemed  preferable,  for  it  could  be  converted 
into  electrical  quantities  by  writing  K  for  it'.  The  exprtesion  then 
becomes  K-  l/K-i-2,  and  if  this  can  be  shown  to  be  oonstant  by 
electrical  work  this  would  be  an  argument  in  its  favour.  On  the 
subject  of  anomalous  dispersion  he  directed  Mr.  Dale's  attention 
to  Hr.  Olazebrook's  report  on  optical  theory  made  to  the  British 
Association. 

Kr.  Dale,  in  reply,  pointed  out  that  from  the  nature  of  the  two 
{ormnhe  any  inaccuracy  or  variation  in  it  would  affect  theirs  more 
than  Lorenz's.  He  also  thought  that  it  -  1/tf  was  a  limit  towards 
which  the  numbers  tend. 


By  Prof.  J.  Parrr,  r.&.a.  The  anthor  defined 
a  spherical  bannonicaaahom^neouBfunotionofz,v,i  satisfying 
the  equation  .^'^  +  .^^+-^^  =  0,  stated  the  fundamental  pro. 

perties  of  such  fanctions,  and  pointed  out  their  importaDce  In 
prebluns  on  heat,  electricity,  and  hydrodynamics.  Referring  to 
zonal  harmonics  (homc^neous  functions  of  (x'-^y*)l  and  x),  he 
showed  that  these  harmonlos  are  symmetrical  with  respect  to  the 
axis  of  t,  and  might  be  expressed  as  functions  of  the  angle,  0, 
which  the  line  joining  the  point,  x,  y,  x,  to  the  orijgiD  makes  with 
the  axis  of  a,  multipUed  by  ri,  where  r  la  the  radius  vector  and  •' 
the  degree  of  the  bomogeneous  function.  These  functions  of  8  are 
called  lonal  surface  harmonics,  and  are  designated  by  Po,  Pi,  Pj, 
ato.  Pi  aocording  to  the  degree  of  the  function,  and  it  was  the  values 
of  these  quantities  which  form  the  tables  brought  before  the  society. 
The  tables  comprise  the  values  of  P,  to  P„  and  are  calculated  to 
foor  plac«a  of  decimals  and  for  every  Ideg.  between  Odeg,  and  90dq;. 
As  an  example  of  such  tables,  the  case  of  a  spherical  surface 
oovered  with  attracting  matter  whose  density  varied  as  the  square 
of  its  distance  from  d  cuametral  plane,  was  taken.  It  was  required 
to  find  the  potential  both  outside  and  Inside  the  sphere,  and  to 
determine  the  equipotential  surfaces  and  lines  of  force.  The 
potentials  inside,  A,  and  outaide,  B,  were  shown  to  be  given  by 

*^8-fl«--P.  and  »=?  +  L«ip, 
w  *  T    r     6   r* 
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respectively.  By  giving  A  and  B  definite  valaes  and  choosing 
vidttee  of  r,  the  corresponding  P^'s  can  be  calculated,  and  the 
valae  of  9  determined  irom  the  tables.  Hence  any  equipotential 
surface  can  be  easilv  determined,  and  lines  drawn  {^  cut  these 
surfaces  orthoganally  are  lines  of  force.  Another  problem, 
which  had  been  tried,  consisted  in  finding  the  directions 
of  the  lines  of  force  near  a  circular  coil  of  rectangular  cross- 
section  when  an  electric  current  circulates  in  the  coil.  This 
was  treated  approximately  by  first  calculating  the  potential  at 
six  points  along  the  axis  in  the  neighbourhcMd  of  the  coil  and 
then  finding,  by  Gauss's  method,  the  coefficients  Ao,  Ai,  A^,  etc.,  of 
an  expression  in  ascending  powers  of  z  which  agreed  with  the 
calculated  potentials  at  the  points  chosen.     The  formula 

V  =  A«  +  A,rPi  +  Aar*Pa<,  etc., 

or  its  corresponding  expression  in  inverse  powers  of  r,  was  then 
assumed  togive  the  potential  at  any  point  in  the  space  considered. 
By  giving  v  definite  values,  a  series  of  equipotential  surfaces  were 
determined  and  the  lines  of  force  drawn.  On  putting  the  calcu- 
lations to  the  test  of  experiment,  the  approximate  solution  of  this 
very  difficult  problem  was  found  to  be  very  nearly  correct. 


THE  LIGHTING  OF  STROUD. 


A  public  meeting  called  by  Messrs.  V.  A.  Lawson  and  £.  N. 
Witohell  was  held  Ust  week  at  Stroud  (Gloucestershire)  to  con- 
sider the  question  of  electric  lighting  for  the  town.  It  was  well 
attended  by  members  of  the  Local  Authority,  manufacturers,  and 
tradesmen. 

Mr.  A.  Apperly  having  been  voted  to  the  chair, 

Mr.  N.  WttoheU  opened  the  meeting  by  saying  that  they  had 
met  to  discuss  the  aavisability  of  suppling  the  electric  light  and 
motive  power  by  means  of  electricity  to  the  town  and  district  of 
Stroud.  During  the  last  two  or  three  years  much  progress  had 
been  made  in  the  matter  of  electric  lighting,  and  he  believed  that 
25  towns  in  this  country  now  had  this  light,  including  Liver- 
pool, Manchester,  Blackpool,  Birmingham,  Bath,  Bournemouth, 
Brighton,  Eastbourne,  Taunton,  and,  in  Gloucestershire,  the  insig- 
nificant town  of  Wickwar.  Fifty-seven  other  towns  had  applied 
for  provisional  orders,  and  in  21  of  them  the  work  of  installation 
had  commenced. 

Ifr.  Lawaonsaid  thedetails  of  this  proposed  electric  supply  scheme 
might  be  divided  into  three  sections.     The  first  was  the  smallest 
or  minimum  supply  at  the  least  possible  cost.     This  included  the 
erection  of  a  centnd  station  ana  the  installation  of  complete  set 
of  plant  of  sufficient  power  to  supply  1,500  10-c.p.  lamps  at  one 
time,  which  would  permit  of  2,500  10-c.p.  lamps  being  mstalled, 
inasmuch  as  the  whole  of  the  lights  were  never  m  use  at  one  tima 
The  length  of  mains  required  for  this  scheme  would  be  about  1^ 
miles,  and  would  include  the  principal  streets  in  the  town  within 
half-mile  radius.    The  capital  required  would  be  about  £10,000, 
and  from  this  system  either  arc  lights  or  incandescent  lamps  could 
be  supplied  as  required.    The  second  consisted  of  a  similar  plant, 
but  of  sufficient  capacity  to  supply  2,500  10-c.p.  lamps,  or  their 
equivalent,  at  once,  and  permitting  an  installation  of  4,000  10-c.p. 
lamps;  the  buildings,  however,  and  accessory  plant,  and  also 
mains,  would  be  of  sufficient  size  for  two  plants  in  full  work,  and 
arranged  so  that  the  station  and   plant  could   be  extended  ^  at 
any  time    at   small   expense    when    the   extension  of   lighting 
necessitated.      The  capital    required    for  this  would    be  about 
£15,000,  including  three    miles    of    mains,   with  junction  and 
service  boxes  complete ;    this  would    supply  the  principal  por- 
tion of  the  town  within  one    mile  radius.      When  the  load  be- 
came nearlv  full  on  either  the  first  or  second  scheme,  a  second 
plant,  could  be  added  ;  in  the  first  case  at  the  cost  of  about  £3,500, 
and  in  the  second  case  about  £4,500,  which  would  nearly  double 
the  U^hting  power.     Then  when  the  load  reached  about  half  the 
capacity  of  the  second  set  of  plant  a  third  could  be  added  and 
extended  as  might  be  found  necessary.    This  would  be  the  most 
economical  manner  in  which  the  business  could  be  built  up,  and 
would  enable  a  company  to  start  in  Stroud  with  a  capital  of 
£15,000,  which  would  be  sufficient  to  commence  with  ;  and,  upon 
this  capital,  assuming  that  2,000  lights  of  10  c.  p.  each,  could  be 
obtained  amongst  the  mills,  factories,  shops,  and  private  houses,  it 
was  estimated  that  a  revenue  could  be  earned  sufficient  to  pay  a 
dividend  of  9  per  cent.,  and  this  was  a  fair  sample  of  the  dividends 
which  might  be   anticipated  on  greater  extension,  as  although 
spare  plant  was  not  provided  for  in  the  present  estimate,  there 
was  a  considerable  sum  for  mains  and  buildings  over  what  was 
required  for  the  present  proposed  single  plant.     It  was  proposed 
that  the  current  should  be  sold  by  meter  at  the  average  rate  of  8d. 
per  Board  of  Trade  unit,  which  was  equal  to  Jd.  per  hour  for  a 
10-candle  lamp.     This  would  enable  them  to  calculate  what  it 
would  cost  consumers  as  compared  with  other  methods  of  lighting, 
and,  although  probably  costing  a  little  more,  there  were  advan- 
tages in  the  shape  of  there  being  no  unhealthy  fumes  or  smell,  and 
greater  cleanliness,  which,  he  believed,  in  towns  and  places  where 
the  light  was  already  adopted,  more  than  compensated  for  the 
extra  outlay  per  annum.    For  instance,  paint,  ceilings,  furniture, 
decorations,  etc.,  were  saved  from  discolouration  and  tarnish,  and 
in  shops  and  places  of  business  where  perishable  goods  are  stocked  a 
great  saving  is  effected,  which  in  the  case  of  some  drapers'  shops  in 
London,  he  was  told,  was  as  much  as  5  per  cent.    The  cost  of 
instflJlation  in  shops  would  be  from  15s.  to  £1  per  light,  and  in 
private  houses  from  £1  to  dOs.  per  light,  depending  of  course  upon 
the  class  of  fittings.    This  was  the  actual  cost  of  wiring  and  fitting 
the  house.    Then  the  rent  of  a  meter  would  be  about  the  same  as 
a  gas-meter.     The  third  scheme  included  the  supply  of  motive 


power,  for  instance,  to  sewing  machines  in  the  clothing  trade,  in 
which  a  vast  amount  of  labour  was  employed.  And  also,  perhaps,  at 
some  future  time  the  current  could  be  utilised  for  charging  storage 
cells  for  tramways.  If  this  scheme  should  be  entertained  the 
House-to-House  Electric  Supply  Company,  Limited,  would  take 
25  per  cent,  of  the  cost  in  shares ;  they  had  already  applied  to  the 
Board  of  Trade  for  a  provisional  order. 

The  Cbftlmuui  saia  the  scheme  did  not  extend  far  enough  to 
take  in  many  mills,  and  without  them  the  cost  would  be  far  too 
large  for  a  town  like  Stroud. 

Mr.  lAwaon  said  that  with  additional  capital  they  could  extend 
the  mains  any  distance,  but  if  one  mill  wanted  a  supply  outside 
their  prescribed  radius  they  would  not  be  able  to  give  it  unless 
there  were  other  customers  en  rovU,  If  they  started  with  a  capital 
of  £10,000  they  could  increase  it  at  any  time. 

In  reply  to  other  questions,  Mr.  Addanbrook  explained  the 
nature  of  the  high-pressure  transformer  system  (2,000  volta)  which 
would  be  used. 

Mr.  Apperly  said  he  had  used  the  light  in  his  house  between 
two  and  three  yean,  and  he  had  had  no  breakdown.  Lamps 
which  were  expected  to  run  a  thousand  hours  had  run  considerably 
over  that  time  ;  only  five  had  g^ven  up,  and  those  ho  thought  were 
damaged  at  starting.  They  were  Edison -Swans.  He  had  a  gas 
engine  and  accumulators,  enough  for  40  lights  for  nine  hoore,  and 
16  and  8  c.p.  lamps.  A  great  advantage  was  that  the  ceilings, 
picture  rods,  etc.,  were  as  clean  to-day  as  when  they  were  put  up. 
The  light  cost  him  about  £20  a  year,  while  he  used  to  pay  £24  or 
£25  for  gas.  The  whole  cost  he  reckoned  was  about  eoasLi  to  gas. 
He  was  putting  in  a  little  installation  at  the  mill  for  80  lights. 

Mr.  C.  Ritehle,  who  has  the  light  installed  in  his  mill,  said  that 
his  experience  of  four  years  showed  him  that  the  light  could  only 
be  made  profitable  in  a  mill  where  the  manufacturer  had  an  excess 
of  engine  power,  as  he  had.  He  had  a  more  powerful  engine  than 
was  reauired  for  the  machinery,  and  a  result  of  using  the  surplus 
power  for  the  light  was  that  the  engine  went  steadier  and  better, 
while  the  increase  in  the  consumption  of  coal  was  ^scarcely  to  be 
reckoned.  Reckoning  the  expenses  connected  with  the  installa- 
tion and  depreciation,  about  £15  per  annum,  he  thought  the  cost 
was  as  nearly  as  possible  the  same  as  gas.  He  was  not  reckoning 
motive  power,  which  would  make  it  more.  The  advantage  was 
that  during  the  dark  hours,  from  four  to  six,  he  got  more  work 
done  in  several  departments  than  before,  in  spinning  (especially 
dark  colours),  weaving,  burling,  and  mending,  and  had  so  been 
able  to  reduce  the  staff  in  some  departments.  That  might  be 
taken  as  a  set-off  against  the  cost.  If  he  had  to  put  in  sm  engine 
specially  he  should  consider  the  light  more  of  a  luxury  th^  a 
necessity. 

Mr.  Addenbroek  said  a  depreciation  of  15  per  cent,  was  out 
rageous. 

Mr.  P.  J.  Btaiis  remarked  that  if  the  factory  hands  worked 
after  hours  the  case  would  be  different.  At  the  present  gas  was 
only  used  about  300  hours  in  the  year.  If  the  mills  were  running 
all  night,  as  in  some  industries  in  the  North,  electric  light  might 
be  worth  having,  but  he  had  concluded  that  it  would  not  pay  in 
their  factories.  He  should  be  delighted  to  have  it  if  it  cost  about 
the  same  as  gas,  but  he  had  not  hSsa  able  to  ascertain  that  it  did. 
At  their  mill  they  spent  about  £140  a  year  in  gas.  They  would 
want  about  600  electric  lamps,  and  he  had  found  that  the  cost 
would  be  something  like  £600.  Would  it  pay  to  put  in  a  plant  for 
the  town  ? 

flUr  Win.  Marling  thought  manufacturers  would  have  the  light 
if  it  cost  not  more  than  25  per  cent,  more  than  gas. 

Mr.  Addenbrook  said  that  for  general  purposes  the  light  could 
be  supplied  for  25  per  cent,  above  the  cost  of  gas,  but  if  several 
factories  had  to  be  supplied  it  would  be  difficult  to  do  it  at  that 
cost,  because  so  much  light  would  be  needed  at  once.  The  cose 
was  different  in  shops,  where  the  use  averaged  three  hours  a  day 
all  the  year  round,  or  private  houses,  where  the  li^ht  was  turned 
low  upstairs  and  hign  downstairs  and  vice  vera£  It  seemed  to 
come  to  this,  whether  Stroud  tO¥m  could  be  supplied.  As  the 
demand  grew,  and  the  cost  became  smaller,  it  would  then  be 
practicable  to  supply  factories  at  the  same  rate.  Would  the 
meetine  give  its  attention  to  the  desirability  of  lighting  the  town  ? 
The  following  resolution  was  carried  unanimously :  **  That  this 
meeting  approves  of  the  proposal  to  light  Stroud  and  district  by 
means  of  electricity,  and  recommends  that  a  committee  b« 
appointed  to  eo  into  the  matter  and  consider  the  best  course  to 
further  the  scheme." 

The  meeting  did  not  separate  before  they  had  had  a  smack  at 
the  gas  company,  the  gas  supplied  being  stated  to  be  very  bad. 
One  of  those  present  made  the  very  significant  remark  that  the 
li^ht  in  the  meeting-room  was  better  than  they  had  had  for  weeks. 
The  company  were  putting  on  extra  pressure  under  pressure. 


LEGAL   INTELLIGENCE. 


ACTION  BT  ELECTRICAL  ENGINEERS. -SIEMENS  V. 

FALERO. 

The  following  case  came  before  his  Honour  Judge  Bayley  in  tbo 
Westminster  County  Court  on  Tuesdav. 

The  plaintiffs  are  well  known,  and  tne  defendant  is  an  electrical 
engineer  residing  at  100,  Fellowes-road,  Hempstead.  The  action 
I  was  brought  to  recover  the  sum  of  £4.  17s.  6d.  for  work  done  in 
cleaning  and  testing  a  dynamo  in  accordance  with  the  defendant's 
instructions.  It  appeared  from  the  opening  of  counsel,  that  in  the 
early  part  of  this  year  the  defendant  wrote  to  the  plaintifGs  giving 
them  certain  instructions  as  to  the  work.    On  March  18  the  plain* 
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tiffs  sent  to  defondant's  house  for  the  dyxiamo,  but  their  man  was 
unable  to  got  it  awav,  and  it  was  sent  for  again  on  the  following  day, 
and  in  due  oonrse  the  work  was  oompIetM,  and  it  was  returned  to 
the  defendant.  Ko  complaint  was  ever  xnade  by  the  defendant 
until  some  weeks  afterwards  when  payment  was  asked  for,  when, 
for  the  first  time,  he  complained  that  the  work  was  not  properly 
done,  and  that  he  bad  been  exorbitantly  charged  for  it.  Con- 
siderable correspondence  then  took  place  between  the  parties,  but 
the  plainti£b  reiused  to  accept  a  lesser  sum  for  their  work,  as  they 
considered  th^  had  only  charsed  what  was  fair.  The  defendant 
refused  to  pay  the  acoount,  and  consequently  the  present  action 
was  brought. 

Kr.  Tlionias  Nat«ll  was  called,  and  said  he  was  in  the  employ 
of  the  plaintiff  firm,  and  the  work  in  question  was  executed  under 
his  supervision.  In  his  opinion,  the  charges  made  were  those 
ordinarily  charged  in  the  trade,  and  were  very  reasonable.  The 
work  which  was  required  to  be  done  to  this  dynamo  was  of  a  very 
technical  character,  and  required  considerable  skill,  especially  in 
the  operation  of  testing.  The  dynamo  had  been  lying  by  and 
got  rusty,  thus  entailing  greater  labour. 

Robert  Ayree*  another  workman  in  the  plaintiffs'  employ,  eave 
evidenee  as  to  the  work  having  been  in  eveiy  way  thoroughly  done, 
as  did  also  a  Mr.  Bneooe,  through  whose  hands  the  machine  was 
passed  for  the  purpose  of  testing. 

For  the  defence,  BCr.  Lonla  Falere  was  called  and  said  he  pur- 
chased the  machine  from  the  plaintiffis'  house  in  Paris,  but  shortly 
afterwards  he  had  occasion  to  come  to  England,  and  he  left  it 
carefully  oiled  and  packed  in  the  hands  of  a  Iriend  of  his  at  Paris. 
Finding  that  he  was  going  to  remain  in  London,  he  had  the 
dynamo  sent  over,  and  tnen  it  was  that  he  instructed  the  plaintiffs' 
to  clean  and  test  it.  Up  to  that  time  it  was  quite  new,  and  had 
never  been  used,  therefore  he  contended  that  the  plaintiffs' 
charges  for  what  they  had  done  were  very  excessive.  He  believed 
it  was  a  custom  in  the  trade,  that  when  a  dynamo  was  purchased 
from  a  firm  they  undertook  to  dean  and  look  after  it  free  of  charge 
for  a  certain  time.  He  did  not  expect  that  the  plaintifiis  in  this  case 
would  have  charged  him  anything,  much  less  toat  they  would  have 
chare^  him  so  large  a  sum.  He  considered  that  the  sum  of  £1, 
which  he  had  paid  into  court,  was  quitesnfficientpayment,  especially 
when  it  was  taken  into  consideration  that  the  worsof  deanmg  was 
done  so  badly  that  he  had  to  do  it  over  again  himself.  He  couldhave 
done  the  whole  of  the  work  himself  in  one  hour  had  he  felt  dis- 
poeed,  but  be  thought  it  was  better  to  send  the  machine  to  the 
makers. 

On  giving  judgment,  his  Hoaoiir  said  there  was  ample  evidence 
on  the  plaintiffir  side  to  show  that  the  charges  were  fair  and 
reasonable.  There  was,  however,  an  item  of  4b.  charged  in  the 
account  for  carriage  of  the  dynamo,  which  sum  must  be  disallowed, 
but  with  regard  to  all  the  other  portions  of  the  claim,  judgment 
would  be  for  the  plaintiffs  with  costs. 


COMPANIES'  MEETINGS. 


EASTERN  EXTENSION  TELEGRAPH  COMPANY. 

At  an  extraordinary  general  meeting  at  the  offices,  Winchester 
House,  fi.G.,  on  Wedn^ay,  Sir  John  Pender  presiding,  the  reso- 
lution passed  at  the  meeting  on  the  22nd  ult. — for  authorising  the 
issue  01  mortgage  debenture  stock  to  an  amount  not  exceeding 
one-third  of  the  share  capital  of  the  Company  for  the  time  being 
issued  and  paid  up — was  unanimously  confirmed  on  the  motion  (3 
the  CiMlniuui,  seconded  by  the  KArqula  of  Tweeddale. 

The  Gbalmuui  stated  that  the  object  of  the  resolution  was  to 
eDable  the  Directors  to  replace  the  £320,000  of  6  per  cent, 
debentures  by  an  issue  of  4  per  cent,  debenture  stock — a  measure 
which  would  save  the  Company  about  £6,000  a  year. 

In  answer  to  Mr.  J.  Lewis,  the  diAlmuiB  stated,  with  reference 
to  the  subscriptions  for  the  new  mortgage  debenture  stock,  that 
they  proposea  to  take  5  per  CQpt.  on  application,  6  per  cent,  on 
allotment,  and  90  per  cent,  on  the  15th  of  January.  The  1st  of 
February  was  the  day  on  which  they  would  be  obliged  to  have  the 
money  ready  to  redeem  the  6  per  cent,  bonds. 


COMPANIES'  REPORTS. 


SWAN  UNITED  ELECTRIC  LIGHT  COMPANY. 

Directors  :  J.  S.  Forbes,  Esq.  (chairman),  F.  R.  Leyland,  Esq. 
(deputy  chairman),  E.  W.  Batt,  Esq.,  W.  C.  Quilter,  Esq.,  M.P., 
and  J.  W.  Swan,  Esq. 

Eighth  annual  report  of  the  Directors,  to  be  presented  at  the 
ordinary  general  meeting  of  the  Company,  to  be  held  at  the 
Cannon-street  Hotel,  London,  on  Tuesday,  25th  November,  1890, 
at  12  noon. 

The  accounts,  which  are  herewith  presented  to  the  shareholders, 
are  for  the  year  ending  30th  September,  1890.  After  paying  all 
current  charges,  and  making  due  allowance  for  depreciation,  tnere 
is  a  credit  b^nce  of  £44,477. 15s.  lOd.  The  Directors  recommend 
that  out  of  this  balance  a  dividend  of  10  per  cent,  for  the  year  be 
declared ;  an  interim  dividend  at  the  rate  of  6  per  cent,  per  annum, 
amoonting  to  £11,104.  Os.  5d.,  has  already  been  paid  in  respect  to 
the  first  half  of  the  year  ;  the  balance  of  the  10  per  cent,  tor  the 
entire  year  to  be  distributed  in  accordance  with  clause  77  of  the 
articles  of  association,  and  to  be  payable  on  the  1st  December 
next.  This  wiU  absorb  £24,921. 17s.  7d. ,  and  leave  £8,451.  17s.  lOd. 
W  be  carried  forward,    The  decision  m  the  patent  suit  iq  Germany 


was  pven  in  fayour  of  this  Company  in  the  Court  of  Appeal  in 
Berlm  during  the  summer.  The  AUeemeine  Electricitats 
Gesellschaft  mtve  appealed  from  that  decision  to  the  Supreme 
Court  at  Leipsic.  It  is  expected  that  the  case  will  be  heard  and 
finally  decided  before  Christmas.  The  Compagnie  G^n^rale  des 
Lampes  Incandesoentes  in  Paris  have  not  yet  been  able  to  obtain  a 
decision  in  the  courts  on  the  validity  of  tneir  French  patents,  but 
they  think  that  the  case  will  be  reached  and  a  decision  given 
during  next  spring.  Their  business  is  increasing,  but  the  com- 
petition which  they  have  to  sustain  compels  them  to  sell  Lamps  at 
a  lower  price  than  heretofore.  The  Directors  who  retire  by  rota- 
tion are  F.  R.  Leyland,  Esq.,  and  W.  C.  Quilter,  Esq.,  M.P.,  who, 
being  eligible,  will  offer  themselves  for  re-election.  Messrs. 
Welton,  Jones,  and  Co.,  the  auditors,  will  also  retire,  and  will 
offer  themselves  for  re-election. 

Balakob-shut,  30th  SsFrKMBxa,  1890. 

Dr.  £       s.    d.        £       s.    d. 

To  share  capital — 
19,750  shares  of  £5  each  fuUy  paid      98,760    0    0 
78,949  shares  of  £5  each,  £3.  lOs. 
paid 276,32110    0 

376,071  10  0 

„  Forfeited  shares 3,530    0  0 

„  Sundry  creditors 3,477    9  7 

„  Balance  from  previous  acoount      31,094  17    0 

Lessdividendpaid20thNov.,1889      22,208    0    9 

8,886  16    3 
„  Balance  30th  September,  1890...      35,690  19    7 

44,477  15  10 
Less  interim  dividend  at  the  rate 
of  6  per  cent,  per  annum  for 
six  months  ended  31st  March, 
1890,  paid  on  May  2l8t,  1890      11,104    0    5 

33,373  15    5 


Cr.  £       s.    d. 

By  cost  of  patent  rights,  etc.  ,repre- 

sentea  byshares  in  Edison  and 

Swan  United  Electric  Li^ht 

Company,      Limited,      with 

£208,478  paid  ;  shares  in  La 

Compagnie      C!6n6rale      des 

Lampes  Incandesoentes  with 

£30,489.  8s.  3d.  paid  ;  patents 

h^d  by  the  Company  for  Oer- 

many,  etc. ,  as  per  last  balance- 
sheet  330,334  11    3 

„  Additional  expenditure  thereon  597    7    2 


£415,452  15    0 
£       s.    d. 


If 


Less  amount  realised  for  sale  of 
plant,  etc 

Outlay  on  factories,  plant,  etc., 

as  per  last  account 

Less  depreciation 


330,931  18    5 
94  16    0 


2,453  16    7 
490  15    4 


330,837    2    5 


1,963    1    3 


»i 
If 


Sundry  debtors 26,733    1  10 

Stock  on  hand  11,124  14    0 

Investment  in  Prussian  consols.    Cost 5,120    0    0 

Investment  in  new  2j%  consolidated  stock.  Cost  29,004  19    6 

Cash  on  deposit  and  in  hand 10,669  16    0 


£415,452  15  0 

Pbofit  akb  Loss  Aooount  for  Ybab  sndino  30th  Ssptbhber,  1890. 

Dr.                                                                                 £     B.  d. 

To  stock,  October  1st,  1889 3,770    8  6 

„  Purchases 9,115  16  8 

„  Office  expenses.  Directors*  fees,   rent,  salaries, 

income  tax,  etc 3,513    0  8 

„  Wages  and  expenses  at  factory 5,046  15  8 

„  Depreciation  490  15  4 

„  Sales  ledger  reserve 150    0  0 

„  Balance    35,590  19  7 

£57,677  16  5 

Cr.                                                                                 £      8.  d. 

By  sales,  less  commissions  and  allowances  12,347  13  9 

„  Transfer  fees  and  interest  1,768  13  0 

„  Dividend  on  shares  in  La  Compagnie  G6n6rale 

des  Lampes  Incandesoentes,  less  tax    1»771    2  0 

„  Dividends  on  shares  in  the  Edison  and  Swan 

United  Electric  Light  Company,  Limited  30,665  13  8 

„  Stock,  September  30th,  1890 11,124  14  0 

£57,677  16  6 


BLACKPOOL  ELECTRIC  TRAMWAY  COMPANY. 

In  their  report  the  Directors  say  that  the  revenue  aooonnt  shows 
a  balance  in  Land  for  the  year  of  £2,455.  98.  3d.  Adding  to  thia 
£231.  58.  lO^d.  from  last  year,  makes  an  available  amount  of 
£2,686.  158.  l^d.,  of  which  the  Directors  recommend  the  following 
disposal :  Dividend  of  7^  per  ceut.  Qu  the  ciJled  up  share  capital, 
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free  of  tax,  £1,501.  17b.  6d.  ;  depreoUtion  and  reeerve  fund, 
£1,000;  balance  to  next  year's  aooonnt,  £184.  He.  7id.  The 
depreciation  and  resenre  fund,  with  the  addition  of  £1,000  aa 
above  recommended,  will  be  £4,418.  ISe.  Id.  The  number  of 
passengers  carried  this  year  was  812,299.  The  number  <d  miles 
run  during  the  year  was  about  92,000.  The  retiring  Directors  are 
Messrs.  Ormerod,  Shaw,  and  Smith,  who  are  eligible  lor  re-election. 
Mr.  Broadbent's  services  as  managing  director  have  been  secured 
again  for  the  coming  year.  The  receipts  show  that  passen^r 
receipts  from  cars  during  1890  have  been  £6,281,  as  compared  with 
£6,328  during  1889,  the  total  receipts  from  all  sources  being 
£6,490  as  against  £6,547  last  year.  The  principal  items  of 
expenditure  ourin^  1890,  with  the  corresponding  figures  for  last 
year  in  parenthesis,  are  as  follows:  Repairing  centre  channel, 
£126  (£254) ;  electrical  fittings,  £170  (£192) ;  wheels  for  cars  and 
sundry  ironwork,  £147  ;  Corporation  of  Blackpool  for  labour  and 
materials,  £112  (£94) ;  wages  of  drivers,  conductors,  etc.,  £1,177 
(£1,132) ;  coal,  coke,  oil,  etc.,  £280  (£240) ;  district,  boroueh,  and 
poor  rates,  etc,  £444  (£191) ;  year's  rent  of  line,  £723  ;  siuary  of 
managing  director,  secretary,  and  auditor,  £240  (£190) ;  the  total 
expenditure  during  1890  being  £4,035,  against  £3,620  in  1889. 


CITY    NOTES. 


Braitllan  anbrnaiine  Telegraph  Company. — The  receipts  of 
this  Company  for  the  past  week  amounted  to  £5,249. 

meotrlo  Coastmction  CorpoimtloB. — The  Directors  have 
declared  a  dividend  of  6  per  cent,  per  annum  on  the  ordinary 
shares  for  the  past  year. 

Western  and  Braalllan  Telegrapli  ConiMuiy.— The  receipts 
for  the  past  week,  after  deducting  the  "  fiifth  "  payable  to  the 
London  Flatino-Brazilian  Company,  were  £4,087. 

West  India  and  Panama  Teleiprapli  Company.  — The  estimated 
traffic  receipts  for  the  half-month  ended  November  15  were  £2,571  > 
as  comparea  with  £2,878  in  the  corresponding  period  of  1889.  The 
July  receipts,  estimated  at  £5,550,  realised  £5,560. 

Bofllneaa  Notice. — We  are  informed  that  the  business  hitherto 
carried  on  by  Messrs.  Sydney  F.  Walker  and  (]lo.,  at  92,  Quayside, 
and  by  R.  H.  Barnett  and  Co.,  at  Elswick  Court,  Newcastle-on- 
Tyne,  will  in  future  be  carried  on  by  Messrs.  R.  H.  Barnett  and 
A.  S.  Barnard,  at  92,  Quayside,  Newcastle-on-Tyne,  as  Barnett, 
Barnard  and  Co.,  electrical  and  general  engineers  and  contractors. 

Bmore'B  Foreign  and  Colonial  Copper  Company. — A  circular 
has  been  sent  out  to  the  holders  of  priority  and  founders'  share  by 
the  Secretary  of  the  Company^  stating  that  after  subscribing  for 
the  £50,000  debenture  stock  in  the  French  oomuany  there  will 
remain  a  sufficient  amount  to  pay  a  cash  diviorad  of  £5  per 
priority  share,  and  the  Directors  now  declare  an  interim  dividend 
of  £4  per  share,  payable  on  the  8th  of  December  next.  The 
Directors  will  propose  to  the  annual  general  meeting,  which  will 
be  held  in  January,  a  further  dividend  from  the  cash  receivable, 
and  from  the  realisation  of  the  shares  and  debenture  stock  of 
the  French  and  Austro-Hungarian  companies.  Dividend  warrants 
will  be  sent  m  due  course.  The  Directors  have  received  a 
su^estion  from  several  holders  of  priority  and  founders'  shares, 
which  has  been  approved  of  by  shareholders  holding  over  half  the 
capital  of  the  Company,  that  instead  of  waiting  to  reuise  the  securi- 
ties held  by  the  CJompany  to  pay  the  second  £5  dividend  on  the 
priority  shares,  a  trust  company  should  be  formed,  to  whom  the 
securities  received  by  this  Company  from  the  French  and  Austro- 
Hungarian  companies  should  be  sold.  By  this  means  the  Directors 
would  be  in  receipt  of  further  cash  and  shares  for  distribution 
amongst  the  holders  of  the  priority  and  founders'  shares. 


PROVISIONAL  PATENTS,  1890. 

November  10. 

18076.  ftnproremenf  In  aooketa  or  holders  for  Incandescent 
lampa.  James  Yate  Johnson,  47,  Lincoln*s-inn-fields, 
London.  (James  Walter  Collier,  United  States.)  ((^m- 
plete  specification.) 

18088.  Apparatus  to  be  employed  at  telephonle  awltohboarda. 

John    Edward     Kingsbury,     24,     Southami)ton-building8, 
London.     (The  Western  Electric  Company,  United  States.) 

18006.  Improvements  In  galTanlo  elements.  Victor  Baron  von 
Alton,  28,  Southampton -buildings,  London. 

NOVEMBEK  11. 

18103.  Improvements  In  eleetrlo  swltehea.  Charles  Edward 
Knowles,  70,  Market-street,  Manchester. 

18168.  An  Improred  eleetrte  preaanre  Indicator.  Charles 
Hodgkinson  Gray,  24,  Birchin-lane,  London. 

8163.  An  appUanee  for  the  administration  of  eleotrlelty  to  tlio 

human  body  la  Turkish  baths.      Moses  Humm,  Leslie 

House,  Westbourne-road,  Forest  Hill. 
8180.  ImproTomenta  In  primary  batteries,  and  In  apparatus 

oonneoted  therewith.     Sir  Charles  Stewart  Forbes,  Bart., 

21,  Finsbury-pavement,  London. 

8186.  Improvementa  la  Olaotrleal  meaaurlng  Inatrumenta. 
Henry  Harris  Lake,  45,  Southampton-buildings,  London. 
(Edward  Weston,  United  States.)  (Complete  specification.) 

18190.  Improvamenta  In  multiplex  telegraphy.  Charles  Adolph 
Oisbome,  77»  Chancery-lane,  London.  (David  Herbert 
Keeley,  Canada.)    (Complete  specification.) 


18195.  Improvementa  In  talaphanle  appamtua  iln 

or  orereomtng  IndmetlTa  and  other  uadealred  OiaoCrleal 
dlstarbaaeeo  In  telephonle  drenlta.  Arthur  Edgar 
Cotterell,  Brooklyn  Church-road,  Moseley,  near  Birming- 
ham. 

November  12. 

18206.  Improved  oommntater  for  dj  name  alaetile  goner  at  sts 
and  motora.  Henrv  Davis  and  Arthur  Henry  Stokes,  52, 
Chancery-lane,  Lonaon. 

18217.  Improved  protector  fisr  telegnq^  telephone,  nnd  eChsr 
eleetrlo  Inatrumenta.  Daniel  Miuslean,  Woodville,  Burg- 
hill-road,  Sydenham. 

1  2 JO.  Improvementa  In  eonneotlng  eleetrte  lampa  and  ap- 
paratus to  leada.  William  Allen  and  Orlando  Venning 
'rhomas,  15,  King-square,  Bristol 

18247.  Improvemento  In  fittings  for  eleotrlo  lampa  and  their 
oondnotors.  Joseph  Devonport  Finney  Andews,  28, 
Southampton-buildings,  London.    (Complete  specification.) 

18248.  Improvements  In  oleotrOlyBla.  Jonathan  Aldoos  Mays, 
20,  Dalebam-gordens,  London. 

NOVBBIBSB  13. 

18266.  Improvements  In  eleotrlo  tramwaya  and  elaetrts 
oondulta.  Henry  John  Davies  and  Lewis  Benjamin  Salt- 
well  Dutson,  14,  Vicarage-place,  Walsall,  Staffordshire. 
(Complete  specification.) 

18270.  Improvemenia  In  eleetrloal  eondnlta  and  aandneters. 
John  MacintoBh  Mackay  Monro,  154,  St.  Vincent>street, 
Glasgow. 

18292.  Improvementa  In  swltehea  fsr  eleetrloal  pmpoeea. 
Bernard  Mervyn  Drake  and  John  Marshall  Gorhsun,  66, 
Victoria-street,  Westminster.    (Complete  specification.) 

November  14. 
18339.  An  Improved  proeesa  and  apparatna  for  the  prodnetlsu 
'  of  oxygen  and  hydrogen  by  tieotrelyida.    William  Robert 
Lake,    45,     Southampton-buildings,     London.      (Alaricos 
Dehuard,  France.) 

NOVEMBEK  15. 

18409.  The  Improvement  of  eleetrloal  awitehea  and  othmr  also- 
trleal  apparatua.  Luis  Alwyn  Davies,  9,  Scaradale- 
terraoe,  Kensington,  London. 

18412.  Improvementa  In  eleetrle  batterlea  and  Ughtara  fto 
elgara  and  other  purpoasa.  David  RoberCeon,  96, 
Buchanan-street,  Glasgow.     (Complete  specification.) 

18470.  Improvementa  In  telegraph  keya.  Arthur  Foster  Pnrdy, 
151,  Strand,  London.  (Date  applied  for  under  Patenta  A(^ 
1883,  Sec.  103,  15th  April,  1890,  being  date  of  applicaUon 
in  United  States.)    (Complete  specification.) 


SPECIFICATIONS  PUBLISHED. 

1884. 

142S3.  Indnotlen    eoUa.      J.  and   E.    Hopkinson.      (Amended 
specification.)    8d. 

1889. 

17142.  meetromagBOtle  traaafisrmera.    BoUman.    6d. 
19199.  Bleetrlo  batterlea.    Badcock  and  others.    6d. 
19525.  Beotrleltymetera.    Scott  and  others.    8d. 
19831.  Kleotrle  awitehea.    Dorman  and  Smith.    8d. 
19951.  Xleotrloal  awitehea.    Bayley.    8d. 
20856.  Voltalobatterlee.    Fit^erald  and  Hough.    6d. 

1890. 

232.  Beetrlo  motera»  eta.     Hopkinxm  and  others.    8d« 

3082.  Ineandeaoent  eleetrte  lampa.    Langhans.    4d. 

6032.  meotrie  heating  apparatua.    Dewey.    8d. 

6037.  Xleotrle  nUlway  vehieiea.    Dewey.    8d. 

8242.  neotrlo  welding.     Lake  (Lemp).    6d. 

12830.  Beoondary  batterlea.     Lake  (Johnson  and  anoUier).     8d. 

13421.  Welding  metala  eleotrioally.    Thompson  (Coffin).     8d. 

13751.  XleotrtQ  awitehea.     Huntington.    6d. 

13790.  Xleetrte  eonduotam.    Lake  (Curtis).     Ud. 

14186.  Sleotrle  swltohes.    Perkins.   '8d. 

14191.  Xleetrte  raUwaya.     Dewey.    8d. 


COMPANIES'  STOCK  AND  SHARK  LIST. 
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Anglo-American  Brush  

—  Pref.    
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Metropolitan  Electric  Supply    
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NOTES. 


Cellulose  insulation  for  tolegraph  wires  is  being  tried 
in  Hungary  by  the  telegraphic  administration. 

Paris. — ^The  Municipal  Council  has  passed  a  resolution 
n   favour   of   lighting   the   Avenue  de  la  S6publique 
electricaUy. 

Soathport's  compulsory  area  will  be  comprised  by 
Eastbank-street  and  Lord-street^  between  Corporation-walk 
and  Nevill- street 

National  (U.S.)  Eleotrio  U^rlit  Association.— The 

next  meeting  will  be  held  at  Providence,  Rhode  Island,  on 
February  17,  18,  and  19. 

Aoton. — The  Local  Board  name  the  following  streets  as 
the  compulsory  area  under  their  order — viz.,  High-street, 
Churchfield-road,  Market-place,  and  Church-road. 

Hertford. — ^The  Corporation  will  apply  for  an  order. 
The  steam  laundry  which  was  opened  here  last  year  has 
been  lighted  electrically  and  with  satisfactory  results. 

Old  Students'  Assooiation.— To-night  (Friday) 
there  is  a  smoking  concert  at  the  Mason's  Hall  Tavern, 
Basinghall-street,  £.C.    The  programme  is  a  good  one. 

UverpooL — The  Liverpool  Electric  Light  Company 
are  promoting  a  Bill  to  extend  their  area  of  supply  over 
the  greater  part  of  the  city,  both  to  the  north  and  south. 

Kinflr's  College,  London. — The  council  are  ready  to 
receive  applications  for  the  appointment  of  demonstrator  in 
electrical  engineering.  Particulars  can  be  had  of  the  secre- 
tary. 

PariB  Meter  Competition.— The  Municipal  Council 
of  Paris  have  nominated  MM.  Mascart,  Potier,  Hospitaller, 
Cochin,  and  Lyon-Allemand  on  the  jury  in  connection  with 
this  competition. 

Chiaa, — ^It  is  stated  that  the  Chinese  Government  has 
consented  to  the  long-projected  construction  of  a  telegraph 
line  between  Pekin  and  Kiachta,  on  the  frontier  between 
Siberia  and  China. 

Prof.  TjrndalL — Our  readers  will  regret  to  hear  that 
Prof.  Tyndall,  who  has  been  staying  at  Hind  Head  House, 
Haslemere,  since  his  return  from  Switzerland,  is  unwell 
and  confined  to  his  house. 

Book  Beoeived. — ^A  copy  of  the  fifth  edition  of  Mr. 
A.  Bromley-Holmes's  little  book  on  "  The  Electric  Light " 
has  reached  us  from  the  publishers,  Messrs.  Bemrose  and 
Sons,  23,  Old  Bailey,  KC. 

Undergrovnd  Railway  Extension. — ^llie  City  and 
South  London  BaUway  Company  are  promoting  a  Bill  to 
give  them  powers  to  extend  their  line  from  the  King 
William-street  Terminus  to  Islington. 

City  and  Sonth  London. — Apparently  this  has 
already  caught  on  with  the  public,  for  we  notice  an  enter- 
prising lodging-house  keeper  advertises  a  "comfortable 
home  ^  at  Clapham  "  near  electric  rail" 

Royal  Soeiety. — At  the  meeting  last  Thut*sday  after- 
noon, Messrs.  G.  J.  Burch  and  V.  H.  Veley  were  to  read  a 
paper  on  "The  Yariations  of  E.M.F.  of  Cells  consisting  of 
Certain  Metals,  Platinum,  and  Nitric  Acid/' 

Long  Distanee  Telephony. — At  an  art  exhibition 
held  at  Aston  (Birmingham),  on  Wednesday,  the  visitors 
bad  the  opportunity  of  hearing  the  music  at  the  Savoy 
Theatre  (London),  by  means  of  the  National  Company's 
new  trunk  line. 


Cork. — ^The  Irish  House^House  Company  are  going 
in  for  an  order,  and  name  the  following  streets  as  the  com- 
pulsory area:  Patrick-street^  Grand  Parade,  South-mall, 
Great  Greorge-street,  Bridge-street,  King-street,  George's 
Quay,  South-terrace. 

A  BisT  Shook, — ^A  telegram  from  San  Francisco,  dated 
November  24,  says :  An  employ^  of  the  electric  light  com- 
pany here  has  received  a  shock  which  is  calculated  at  fully 
1,000  volts.  The  man  escaped  with  his  life,  but  his  hands 
are  burned  to  the  bone. 

IiOflral.— ^We  this  week  give  brief  reports  of  two  cases  of 
considerable  interest  to  electric  light  supply  companies  and 
their  customers!  In  one  case  the  company  is  brought  into 
court  for  breach  of  contract  to  supply  current,  in  the  other 
the  consumer  is  the  defendant 

Kidderminster's  compulsory  area  will  be  Mill-street, 
Bull-ring,  Church-street,  Callow's-lane,  Trinity-lane,  Swan- 
street,  Coventry-street,  High-street,  Viear-street,  Worcester- 
street,  Oxford-street)  Marlborough-street,  Bridge-street, 
New-road,  and  Exchange-street. 

New  Cable. — ^The  laying  down  of  the  Great  Northern 
Telegraph  Company's  new  cable  between  Newcastle  and 
Gothenburg,  which  was  begun  on  the  16th  inst.,  was  suc- 
cessfully completed  on  Saturday.  The  cable  was  imme- 
diately opened  for  correspondence. 

Searboronffh. — The  Corporation  order  names  the 
following  compulsory  area  :  Westborough  (eastward  of  the 
Westborough  Wesley  an  Chapel),  Newborough  (westward  of 
King-street),  St  Nicholas-street,  St.  Nicholas-cliflf  (north  of 
the  Grand  Hotel),  York-place,  and  the  Crescent. 

SEosoow. — ^A  French  exhibition  is  to  be  opened  here  in 
May  next.  The  lighting  will  be  carried  out  by  the  Edison 
Continental  Company  of  Paris.  There  will  be  three 
engines  of  150  h.p.  to  drive  the  dynamos.  Of  course 
luminous  fountains  will  form  one  of  the  attractions. 

Aylesbury. — On  Messrs.  Latimer  Clark,  Muirhead,  and 
Co.'s  application  for  the  consent  of  the  Local  Board  to 
their  obtaining  an  order  coming  up  for  discussion  last  week, 
it  was  decided  to  ask  within  what  time  the  firm  would 
supply  the  town  with  electricity  if  they  got  an  order. 

Blain  Lasrinflr. — The  London  County  Council  have 
given  their  sanction  to  the  laying  of  mains  by  the  London 
Electric  Supply  Corporation,  Westminster  Electric  Supply 
Corporation,  Metropolitan  Electric  Supply  Company, 
Kensington  and  Elnightsbridge  Electric  Supply  Company. 

Sophia  (Bulgaria). — ^It  is  stated  that  the  contract  for 
lighting  Sophia  electrically  has  been  given  to  a  Budapesth 
firm,  their  tender  having  been  the  lowest  The  local  papers 
denounce  the  acceptance  of  the  lowest  tender  without 
regard  to  the  ability  of  the  firm  in  question  to  carry  out 
the  work. 

Glasgow  Tramways. — On  Wednesday,  a  petition 
was  presented  to  the  Court  of  Session,  Edinburgh,  by  the 
Glasgow  Tramway  Company  for  sanction  to  an  alteration 
of  its  memorandum  ot  association,  to  the  extent  of  working 
cars  by  electricity  or  steam,  and  to  increase  its  capital  by 
£150,000. 

Underground  Wires  in  New  York. — It  is  esti- 
mated that  no  lees  than  17,903  miles  of  conductors  have 
been  put  underground  in  New  York  since  1st  Jan.,  1889. 
The  authorities  are  wondering  how  they  are  to  find  room 
below  ground  for  all  the  pipes  and  wires  that  have  got  to 
be  put  there. 

Prof.  Swing. — At  a  recent  meeting  of  the  District 
I  Council  for  Perth,  Forfar,  and  Fife,  held  at  Dundee,  a  reso- 
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lution  was  passed  oongratulating  Prof.  Ewing  on  his 
advancement,  and  at  the  same  time  expressing  the  sense  of 
the  loss  which  the  Council  would  suffer  by  his  transference 
to  Gambridge. 

Catalogae. — ^We  have  received  a  copy  of  the  Edison 
and  Swan  United  Company's  catalogue,  which  gives  full 
particulars,  with  capital  illustrations,  of  every  variety  of 
lamp  and  fitting  manufactured  by  the  company.  The 
engravings  are  very  clear,  so  is  the  type,  and  the  general 
get  up  is  good. 

• 

The  Telephone  in  Franoe* — From  January  1  next 
it  is  proposed  to  reduce  the  principal  subscription  to  an 
exchange  in  towns  of  less  than  25,000  already  provided 
with  telephone  lines,  but  with  no  more  than  100  first-class 
subscribers,  to  150f.,  or  £6.  The  object  of  this  is  to 
encourage  what  are  called  secondary  circuits. 

Rope  Driving.— Mr.  C.  W.  Hunt,  of  New  York,  in 
order  to  ascertain  the  average  breaking  strength  of  com- 
mercial rope,  purchased  four  pieces  made  by  different 
cordage  works,  and  had  them  tested  on  the  Fairbanks 
testing  machine  in  New  York.  They  varied  slightly  in 
diameter,  but  when  reduced  to  the  equivalent  of  a  rope  lin. 
in  diameter  had  an  average  breaking  strength  of  7,1401b. 

Naval  EzhiMtion.— The  Eoyal  Naval  Exhibition, 
1691,  has  been  incorporated  under  the  Companies  Acts, 
and  was  registered  on  the  2l8t  inst  as  an  association 
limited  by  guarantee  by  license  of  the  Board  of  Trade. 
The  president  is  the  Prince  of  Wales,  Honorary  Admiral 
of  the  Fleet ;  the  chairman  of  the  executive  committee  is 
Admiral  Sir  W.  M.  Dowell,  and  the  vice-chairman.  Admiral 
Sir  W.  Houston  Stewart. 

St.  Martln'a-ln-tlie-Flelds  (London,  W.C.). — 
Messrs.  Latimer  Clark,  Muirhead,  and  Co.  have  given 
notice  of  their  intention  to  apply  for  an  order  for  this 
district,  the  compulsory  area  to  include  Cockspur-street, 
Charing  Cross,  Trafalgar-square,  Northumberland-avenue, 
Whitehall-place,  Whitehall,  West  Strand,  part  of  Strand, 
St  Martin's-place,  St.  Martin's-lane,  part  of  Charing  Cross- 
road, Pall-mall  East,  and  Haymarket. 

Appointment. — It  is  announced  that  the  Mutual  Tele- 
phone Company,  Limited,  have  secured  the  services  as 
general  manager  and  chief  engineer  for  a  term  of  years  of 
Mr.  A.  K  Bennett,  who  in  July  last  resigned  his  position  as 
general  manager  in  Scotland  to  the  National  Telephone 
Company.  Mr.  Bennett's  headquarters  will  be  in  London, 
and  we  understand  that  he  has  reserved  power  to  practise 
as  a  consulting  engineer  and  electrician. 

Sooletjr  of  Arts. — The  second  Cantor  lecture  will  be 
given  by  Prof.  Vivian  B.  Lewes,  on  Monday  next.  The 
subject  dealt  with  will  be  :  The  composition  of  coal-gas ; 
the  illuminants  present  in  coal-gas ;  effect  of  class  of  coal, 
methods  of  manufacture,  and  diluents  present,  on  the 
illuminating  power  of  coal-gas ;  the  methods  employed  to 
enrich  coal^as.  On  Wednesday,  December  3,  Mr.  James 
Dredge  is  to  read  a  paper  on  "  The  Chicago  Exhibition, 
1893." 

Bleotrlo  Oonatmotlon  Corporation. — We  give  the 
report  of  the  directors  of  this  corporation  in  another 
column.  The  accounts  show  a  profit  of  £52,639.  3s.  2d. 
A  dividend  of  6  per  cent  is  proposed.  It  is  also  proposed 
to  increase  the  capital  by  issuing  debentures.  From  the 
profit  the  expenses  of  the  formation  of  the  company  have 
been  written  off;  they  amounted  to  £4,348.  7s.  64.    The 


directors  recommend  that  £15,000  be  placed  to  the  reserve 
account  against  depreciation. 

Swan  United  Company. — ^A  full  report  of  the  meet- 
ing of  the  proprietors  of  this  company  is  given  elsewhere. 
It  will  be  seen  that  they  hope  before  long  to  be  rid  of  their 
litigation  difiiculties,  and  then  infringers  in  Germany  and 
France  (provided  they  are  proved  to  be  such)  may  look 
out  for  squalls.  Another  probable  result  of  the  settlement 
of  the  litigation  will  be  the  amalgamation  of  the  Swan 
United  and  Edison  and  Swan  companies. 

Testinff  Stations.— The  London  Ck)unty  Council's 
Bill  will  contain  a  clause  giving  the  Council  power  to 
require  any  electric  lighting  company  to  supply  electrical 
energy  to  the  Council's  electric  testing  stations,  even  if  the 
station  for  which  the  supply  is  required  be  beyond  the 
limit  of  the  company's  area  of  supply,  and  authorising  such 
company,  subject  to  the  usual  notices,  to  break  up  streets 
for  the  purpose  of  laying  the  mains  necessary  to  afibrd  such 
supply  to  the  testing  stations. 

West  Metropolitan  Tramways*— The  Hammer- 
smith Vestry,  at  a  recent  meeting,  unanimously  agreed  to 
the  proposal  of  the  West  Metropolitan  Tramway  Company 
to  work  the  line  from  the  Uxbridge-road  Station  to  Rew,  a 
distance  of  three  miles,  by  the  Lineff  system  of  electrical 
traction.  Reports  by  Mr.  W.  H.  Preece,  chief  electrician  to 
the  Post  Office,  Mr.  Gisbert  Kapp,  C.K,  and  Prof.  Robin- 
son, approving  of  the  Lineff  systom,  were  laid  before  the 
Vestry.  It  is  understood  that  the  work  will  be  commenced 
without  delay. 

Eleotrio  U^htinff  In  Poena. — ^The  Cantonment 
Committee  have  been  discussing  a  scheme  for  the  electric 
lighting  of  Poena.  It  is  stated  that  London  firms  have 
ofiered  to  form  a  syndicate  to  raise  two-thirds  of  the  capital 
required  if  the  Cantonment  Committee  will  guarantee  the 
remaining  one-third.  The  matter  has  been  referred  to  a 
sub-committee  for  a  report.  In  the  meantime  the  Gt>vern- 
ment  were  to  be  asked  to  say  whether,  if  electric  light  was 
introduced  into  Poona,  they  would  have  the  barracks  and 
public  buildings  similarly  lighted. 

Bleotrlcal  Trades'  Union. — We  have  been  asked  to 
insert  the  following  .yotice :  "  All  members  are  urgently 
requested  to  attend  headquarters  on  Saturday,  November 
29,  at  8  p.m.,  for  the  election  and  instruction  of  delegates 
to  the  forthcoming  convention  to  be  held  at  Liverpool  on 
December  6."  We  have  complied  with  the  request,  but  if 
this  union  be  simply  another  branch  of  unionism  intended 
to  agitate  and  maintain  paid  agitators,  we  have  no  sympathy 
with  its  action,  and  look  upon  its  members  as  forming  a 
section  of  Carlyle's  largest  class  of  humanity. 

Separating  Copper  trom  Arsenio. — If  the  current 
of  four  or  five  cells  is  passed  through  an  arseniate  solution, 
rendered  alkaline  by  moans  of  ammoniac,  no  separation  or 
reduction  of  the  arsenic  acid  takes  place ;  but  if  a  solution 
of  copper  salts  is  so  treated,  there  is  a  complete  separation 
of  the  copper.  This  difference  of  action  has,  according  to 
Electfotechnische  ZeUschrifif  been  utilised  to  separate  arsenic 
from  copper.  The  experiments  were  made  with  solutions 
prepared  beforehand,  and  after  24  hours  it  could  be  ascer- 
tained by  weighing  that  all  the  copper  was  deposited. 

Deteetlng  Water  Leaks. — ^Mr.  A.  H.  Brown,  of 
New  York,  has  applied  a  simple  circuit-closing  device  to 
the  detection  of  water  leaks  from  baths,  cisterns,  etc 
When  any  pipes  or  glands  leak,  or  an  overflow  occurs  on 
any  floor,  the  water  drips  into  a  pan  and  flows  into  the 
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bucket  valve  of  the  detector.  When  the  quantity  equals  a 
tablespoonful  the  valve  falls  by  the  weight  of  the  water  and 
brings  the  free  end  of  the  lever  against  the  contact  points 
in  the  annunciator  circuit,  closing  it  and  ringing  a  bell, 
whilst  an  indicator  shows  the  room  from  which  the  alarm 
has  come. 

Soienoe  Demonstrator  Wanted. —The  School 
Board  for  London  are  in  want  of  a  science  demonstrator, 
who  will  be  required  to  visit  schools  under  the  direction  of 
the  Board,  for  the  purpose  of  giving  instruction  in 
mechanics,  etc.  Salary  is  £175  a  year,  rising  by  £6 
annually  to  a  maximum  of  £200  a  year,  together  with 
travelling  expenses  for  the  conveyance  of  apparatus  from 
school  to  school  and  for  assistance  in  experiments.  Forms 
of  application  may  be  obtained  from  the  clerk  of  the  Board, 
Victoria-embankment,  W.C.,  and  must  be  sent  in  by 
December  4th. 

Carbon   Shield   for    Aro   Lamps.  — Mr.    W.    B. 

Hazeltine,  of  the  Hazeltine  Electric  Company,  St.  Louis, 
has  introduced  a  shield  for  arc  lamp  carbons,  consisting  of 
a  sleeve  of  refractory  material,  which  forms  a  protective 
covering.  This  is  suspended  freely  so  as  to  hang  in  close 
proximity  to  the  tip  of  the  upper  carbon  near  to  the  arc, 
the  suspension  device  being  so  arranged  that  the  sleeve  is 
automatically  maintained  at  its  proper  position.  Experi- 
ence seems  to  show  that  by  its  adoption  the  life  of  the 
carbon  is  practically  doubled  by  the  absence  of  side  waste 
thus  obtained. 

GlasflTOW. — ^Mr.  Foulis,  the  chief  gas  manager  to  the 
Corporation,  has,  by  instruction  of  the  Special  Committee 
on  Electric  Lighting,  compiled  a  report  based  on  data 
which  he  has  collected  with  regard  to  about  40  electrie 
lighting  undertakings,  corporations,  and  companies  through- 
out the  kingdom.  It  has  not  yet  been  decided  by  the 
committee  whether  they  will  recommend  the  Corporation 
to  start  a  lighting  station  of  their  own,  or  to  contract  with 
one  or  more  companies  to  undertake  the  lighting  of  the 
area  which  is  made  compulsory  on  them  by  their  pro- 
visional order. 

Anstralian  Cable  Ratea. — ^A  Beuter's  telegram  from 
Melbourne,  dated  November  25,  says  :  The  Government  of 
Victoria  has  decided  to  propose  lb  the  Legislature  the 
adoption  of  the  cable  guarantee  required  by  the  telegraph 
companies  to  enable  them  to  put  into  force  the  projected 
reduction  of  rates.  The  Government  of  Western  Australia 
has  likewise  agreed  to  take  similar  action.  It  is  also  prob- 
able that  New  South  Wales  and  South  Australia  will  join 
in  the  guarantee.  It  is  now  the  prevalent  opinion  here  that 
thereiuced  rate  will  be  brought  into  force  trom  the  commence- 
ment of  next  year,  irrespective  of  the  fact  that  the  colonies 
of  Queensland  and  New  Zealand  have  declined  to  bear  their 
share. 


. — ^The  Yorkshire  House-to-House  Company's 
notice  of  intention  to  apply  for  an  order  for  Leeds  names 
the  following  streets  as  forming  the  compulsory  area: 
Briggate,  New  Briggate,  Kirkgate  (from  Briggate  to  Vicar- 
lane),  Boar-lane,  Wellington-street  (from  Boar-lane  to  the 
Central  Sailway  Station),  Infirmary-street,  King-street, 
York-place,  Park-square,  St.  Paul's  street  (from  King- 
street  to  Queen-street),  Park-lane,  East  Parade,  Bond- 
street,  Commercial-street,  Park-row,  Cookridge-street, 
Albion-street^  Lands-lane,  Upperhead-row,  Woodhouse- 
lane,  Headingley-lane.  The  National  Electric  Supply 
Company  have  also  applied  for  an  order.  The  Corporation 
will  not  apply. 


Patent  Ollloe  Utaary. — A  correspondent  has  been 
complaining  of  the  execrable  light  provided  in  the  Patent 
Office  library,  where  readers  have  to  provide  themselves 
with  magnifying  glasses  and  stand  under  special  gas  lamps 
which  are  favourites,  for  their  extra  radiance.  It  seems  a 
pity  that  these  precincts,  which  have  been  so  patronised  by 
electrical  patentees,  cannot  have  the  benefit  of  their  re- 
searches spread  to  its  dim  cloisters.  One  would  even  think 
it  might  be  worth  while  for  a  primary  battery  company  to 
provide  light  free  of  charge ;  or  that  the  authorities  should 
be  at  least  equally  deluged  with  offers  of  light  for  them- 
selves as  the  head  office  is  deluged  with  inventive  specifica- 
tions of  means  of  producing  it. 

The  Dangers  of  Eleetrlo  JAghtkng. — ^At  the  meet- 
ing of  the  London  County  Council  on  Tuesday,  Mr.  Hopkins 
asked  the  chairman  of  the  Fire  Brigade  Committee  (Mr. 
Lyon)  a  variety  of  questions  as  to  what  danger,  if  any, 
there  was  in  electrical  lighting,  and  particularly  to  the 
centres  of  electrical  storage,  he  referring  to  a  fire  which 
occurred  recently,  the  cause  of  which  was  said  to  be  the 
overheating  of  an  electric  wire,  and  whether  he  had  any 
objection  to  the  Fire  Brigade  and  Highways  Committee 
considering  the  matter.  Mr.  Lyon  replied  that  the  state- 
ment as  to  the  fire  in  question  having  been  caused  by  the 
overheating  of  an  electric  wire  was  not  an  official  one ;  it 
was  a  newspaper  statement,  which  was  not  official 

Braiil. — ^Company  promoters  will  not  find  Braail  much 
of  a  happy  hunting  ground  in  future.  The  Government 
have  just  issued  a  decree  altering  the  law  as  to  the  foima- 
tion  of  limited  liability  companies.  The  first  two  clauses 
run  as  follows  :  (1)  Henceforth  limited  liability  companies 
will  not  be  considered  definitely  constituted  unless  the 
whole  capital  has  been  subscribed,  and  30  per  cent,  in 
money  of  the  value  of  each  share  has  been  actually  deposited 
in  a  bank  to  be  selected  by  the  majority  of  the  subscribers, 
unless  a  larger  percentage  has  been  stipulated  in  the  pro- 
spectus. (2)  Also  the  shares  of  limited  liability  companies 
which  shall  hereafter  be  formed,  shall  not  be  negotiable 
until  40  per  cent,  of  the  capital  subscribed  has  been 
realised.  In  these  transfers  procurations  in  cauta  propria 
are  prohibited. 

Carlew  (Ireland). — At  the  meeting  of  the  Town  Com- 
missioners last  week  a  letter  was  read  from  Messrs.  J.  K 
H.  Grordon  and  Co.,  London,  asking  permission  to  supply 
electricity  for  lighting  purposes  in  the  town,  and  in  case  of 
the  Board  acceding  to  their  request,  proposing  to  light  the 
streets  with  12  arcs  and  40  mcandescents  of  16  c.p.  during 
the  usual  lighting  season  on  receiving  a  guarantee  that  the 
Board  will  assist  Messrs.  Grordon  in  their  application  for  the 
privilege  of  private  supply.  Mr.  Tomlinson,  chief  engineer 
to  the  firm,  appeared  and  stated  that  he  had  gone  over  the 
area  lighted  at  present,  and  detaUed  the  sites  for  the  12 
arc  lights,  whilst  the  incandescent  lamps  were  to  light 
the  streets  beyond  the  reach  of  the  illumination  of  the  arc 
lights.  The  Board  gave  Mr.  Tomlinson  permission  to 
erect  specimen  lampa 

The  Southend  Loeal  Board  have  authorised  the 
volunteer  fire  brigade  to  cross  roads  with  electric  call-bell 
wires.  Some  discussion  arose  at  a  recent  meeting  as  to  a 
recommendation  of  the  Pier  Committee  that  one  of  the 
three  tramway  cars  included  in  Messrs.  Crompton's  contract 
be  a  closed  car,  instead  of  an  open  one,  at  an  increased 
cost  of  £95.  An  amendment  was,  however,  adopted  that 
the  cars  be  provided  as  set  forth  in  the  contract.  The  work 
on  the  pier  is  progressing  so  slowly  th»t  Messrs.  Crompton 


470        THE  ELECTRICAL  ENGINEER,  NOVEMBER  28,  1890 


have  had  to  write  that  nnleas  it  goes  on  more  rapidly  they 
will  be  seriously  delayed  in  their  part  of  the  work — yia., 
the  lighting  and  electric  tramway.  The  Local  Board's  notice 
of  application  for  a  lighting  and  supply  order  gives  as  the 
compulsory  area:  Whitegate-road,  Queen's-road,  London- 
road,  Southchurch-road,  Clarence- road,  York-street,  York- 
road,  Heygate-avenue,  Boyal-terrace,  East-parade,  Brewery- 
road,  East^treet,  North-street 

The  Western  Coonties  Telephone  Company. — 

We  understand  that  Mr.  Lewis,  the  energetic  manager  of 
this  company,  contemplates  a  new  departure  in  Bristol  in 
connection  with  the  Messengers'  Association.  He  has  made 
arrangements  by  which  subscribers  can  immediately  obtain 
the  services  of  a  respectable  and  responsible  messenger  by 
'*  ringing  up  "  a  certain  number,  in  this  case  No.  410.  The 
payment  of  these  messengers  by  distance  is  Id.  per  half 
mile.  Paid  by  time,  the  charge  is  Id.  for  10  minutes,  4d. 
for  one  hour,  6d.  for  two  hours,  8d.  for  three  hours.  Under 
the  head  of  regular  work,  a  messenger  may  be  got  for  one 
hour  daily  at  Is.  9d.  per  week ;  for  four  hours  daily  at 
4s.  3d.  per  week.  Another  feature  of  the  telephone  system 
in  Bristol  is  that  the  exchange  is  connected  with  the 
various  cab  stands  at  different  points  in  the  dty,  so  that  a 
cab  may  be  called  at  any  moment,  and  the  same  applies  to 
the  police  and  the  fire  brigade  stations. 

Telegraph  Clerks  and  their  Grievanoes.— It  is 

stated  that  a  good  deal  of  ill-feeling  has  been  occasioned 
amongst  the  clerks  of  the  Central  Telegraph  Office  in  con- 
sequence of  the  forbidding  of  a  meeting  which  was  to  have 
been  held  November  21,  1890,  for  the  purpose  of  present- 
ing an  address,  a  medal,  and  a  cheque  for  £500  to  Mr.  L. 
H.  Quin.  Acting  in  accordance  with  the  circular  of  May 
last,  which  directed  that  due  notice  should  be  given  to  the 
Department  of  all  meetings  of  Post  Office  officials,  the 
organisers  of  the  meeting  sent  a  notice  to  the  Postmaster- 
General.  Mr.  Baikes,  in  reply,  referred  to  the  fact  that 
Mr.  Quin  was  dismissed  for  misconduct,  and  stated  that  he 
regarded  the  holding,  of  a  general  meeting  of  the  staff  for 
the  purpose  mentioned  as  in  the  highest  degree  improper, 
adding  that  any  officer  of  the  Department  who  should  take 
part  in  such  a  proceeding  would  be  held  strictly  respon- 
sible.   The  presentation  accordingly  took  place  privately. 

The  Telephone  for  Hoapitals.— Patients  in  fever 
hospitals  are  at  present  unable  to  talk  with  friends  and 
relations  until  released,  not  only  from  the  bonds  of  scarlet 
fever,  typhoid^  or  smallpox,  but  also  from  the  sick  wards. 
There  is  nothing,  however,  to  prevent  their  telephoning  to 
such  among  their  acquaintances  as  will  venture  into 
the  precincts  of  the  hospital.  Naturally  we  hear  this  idea 
has  been  put  into  practice  in  America,  though  no  doubt  it 
has  long  been  talked  of  in  England.  A  New  York  doctor 
has  completed  telephonic  circuits  between  the  wards  of  the 
City  Hospital  and  the  reception-rooms,  so  that  patients 
suffering  from  infectious  diseases  may  communicate  with 
their  visitors.  A  board  in  the  )  eception-room  contains  the 
names  of  the  patients,  and  an  attendant  has  only  to  put  the 
jack  into  the  hole  beneath  any  name  when  any  friend 
desires  to  speak  with  the  occupant  of  a  cot  upstairs.  This 
has  been  found  to  work  with  great  success,  and  the  plan  is 
to  be  adopted  by  other  hospitals.  We  commend  the  inno- 
vation to  the  London  Fever  Hospital  among  others. 

Bleetrio   Cars   Can    Mount    Steep    Qrades.— 

Describing  the  excursions  of  the  Iron  and  Steel  Institute 
in  Alabama,  the  Iron  and  Choi  Trodti  Beriew  correspondent 
says  •  <'  The  ascent  to  Mission  Bridge,  which  is  some  MOfi. 


above  the  level  of  Chattanooga,  was  made  in  electric  cars, 
which  contained  about  30  passengers  each,  and  ascended 
one  by  one  long  grades  of  7}  per  cent,  and  passed  occa- 
sionally round  very  sharp  curves.  The  current  is  supplied, 
as  is  the  common  plan  in  the  United  States,  through  an 
unprotected  wire  over  the  centre  of  the  track.  A  trailing 
bowsprit,  with  a  double-flanged  pulley  sheave  at  the  end, 
furnishes  a  conductor,  by  which  the  current  passes  down 
through  the  car  to  the  two  motors  which  drive  the  two 
axles,  and  thence  passes  to  earth  through  the  wheels  and 
rails.  An  eccentric  on  one  of  the  axles  works  an  air  pump, 
which  is  in  connection  with  the  vacuum  brake.  This  last 
is  relied  upon  to  control  the  speed  in  descending  the 
grades.  This  journey  in  electric  cars  was  extremely  valu- 
able to  the  English  visitors,  as  showing  what  steep  grades 
can  be  safely  and  rapidly  ascended  and  descended  by  that 
means.  They  could  not  fail  to  be  convinced  that  American 
practice  in  this  respect  is  far  ahead  of  anything  known  in 
England  ;  also  that  the  practice  of  having  an  electric  wire 
overhead  suspended  from  poets  is  an  exceedingly  convenient 
and  unobjectionable  way  of  accomplishing  the  object,  and 
that  the  popular  prejudice  against  it  is,  to  a  large  extent, 
unwarranted."    English  local  authorities,  please  note ! 

Overhead  IX^res.— The  London  County  Council's 
Bill  provides  for  dealing  with  overhead  wires,  when  it  is 
passed.  The  term  "  wire  "  is  to  apply  to  all  overhead  con- 
ductors within  50ft.  of  a  street,  but  railways  are  specially 
exempt.  The  Council  may  provide  subways,  and  compel 
all  companies  or  others  owning  wires  to  remove  the  same 
from  overhead  and  carry  them  underground,  either  in  their 
own  subways  or  the  subways  of  the  Council,  who  will  have 
authority  to  make  a  rental  charge.  There  will  also  be  fees 
payable  in  respect  of  all  wires  allowed  to  remain  or  to  be 
hereafter  erected  overhead.  All  objections  which  owners 
of  property  may  have  to  wires  being  carried  over  or 
attached  to  their  premises  will  be  considered  and  decided  by 
the  Council,  subject  to  an  appeal  to  an  arbitrator  appointed 
by  the  Board  of  Trade.  The  decision  of  the  arbitrator  is 
to  be  final  and  binding  on  all  parties,  but  not  in  any  way 
to  interfere  with  an  owner's  rights  in  respect  of  his  pro- 
perty, which  he  will  be  at  liberty  to  rebuild  or  alter  as  may 
be  necessary  even  if  the  removal  of  ^e  wires  is  involved. 
The  Council  is  in  all  cases  to  give  notice  to  the  Postmaster- 
General  before  making  any  order  under  the  statute,  and  the 
Postmaster-General  may  veto  the  proposal  if  in  his  opinion 
it  would  be  prejudicial  to  the  postal  telegraph  service. 
Authority  is  asked  for  the  appointment  of  inspectors  of 
wires,  and  for  right  of  entry  upon  private  premises,  and  all 
penalties  recovered  are  to  be  paid  to  the  Council,  the  City 
Commissioners  of  Sewers,  or  the  local  authority  taking  pro- 
ceedings under  the  Act. 

City  and  Sonth  London  Railway. — ^A  number  of 
trains,  each  consisting  of  an  electric  locomotive  and  three 
carriages,  have  been  running  regularly  for  some  days  on 
this  railway  in  order  to  educate  the  staff  in  the  working  of 
the  electrical  plant,  the  hydraulic  lifts,  and  other  matters 
which  are  peculiar  to  the  undertaking.  It  is  expected  that 
the  final  inspection  of  the  Board  of  Trade  will  take  place 
within  a  few  days,  and  the  line  will  then  be  open  to  the 
public.  On  Monday,  the  24th  inst.,  on  the  recommendation 
of  the  Prince  of  Wales,  who  recently  inaugurated 
the  completion  of  the  undertaking,  H.S.H.  Prince  Hermann 
of  Saxe- Weimar  privately  visited  the  railway.  He  was 
accompanied  by  Major  Cardew,  representing  the  Board  of 
Trade,  and  was  met  at  the  City  Station  by  Mr.  0.  J.  Mott, 
the  chairman  of  the  company,  Mr.  Ghreathead,  the  engineer, 
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Mr.  Jenkin,  the  genend  manager,  and  Mr.  Basil  Mott, 
resident  engineer,  and  proceeded  at  once  to  the  special 
train  which  was  awaiting  him  at  the  King  William- 
street  Terminus.  Here  he  was  met  by  Mr.  Wm.  Mather, 
M.P.,and  Dr.  Edward  Hopkinson,  and  Mr.  Grindle,  the 
resident  engineer  of  Messrs.  Mather  and  Piatt  The  train 
rapidly  made  the  journey  to  Stockwell,  stopping  at  each 
of  the  intermediate  stations.  At  Stockwell  the  boiler- 
house^  engine-house,  and  carriage-sheds  were  examined,  and 
the  electrical  working  was  explained  by  Mr.  Mather  and 
Dr.  E.  Hopkinson.  On  the  return  journey  the  Prince 
expressed  a  desire  to  travel  on  the  electrical  locomotive,  so 
as  to  more  clearly  inspect  its  working.  The  Prince  expressed 
himself  as  very  much  pleased  and  gratified  with  all  he  had 


seen. 


Dectrio  Ugbtliiff   and  Gas  In  America.— Two 

weeks  ago  we  commented  on  a  crumb  of  comfort  offered  for 
the  digestion  of  gas  managers  by  a  shareholder  in  the  Im- 
perial Continental  Gfas  Association.  This  week  we  repro- 
duce a  crumb  of  wisdom  offered  to  the  same  class  of 
gentlemen  by  a  member  of  their  own  body,  in  America. 
At  a  recent  meeting  of  the  American  Gas  Light  Association, 
the  president,  Mr.  Emerson  McMuUin,  of  St.  Louis,  said  : 
*' The  twin  industry,  electric  lighting,  has,  during  the  last 
year,  been  making  strides  unparalleled.  Its  progress  since 
the  first  light  was  commercially  used  is  almost  beyond  con- 
ception. Like  water-gas,  this  industry  was  first  received  by 
the  members  of  our  association  as  a  subtle  enemy  of  the 
gas  business.  Now  it  is  said  that  more  than  300  gas  com- 
panies employ  it ;  some  with  the  result  of  increasing  their 
dividends,  while  others  are  apparently  using  it  as  an  agency 
for  disbursing  surplus.  An  authority  asserted  a  year  ago 
that  there  were  then  300,000  arcs  and  3,000,000  incan- 
descent lights  in  the  United  States.  There  must  be  many 
more  now.  When  we  remember  that  20  years  ago  there 
was  not  an  electric  light  commercially  used  in  all  the  world, 
we  may  well  be  amazed  at  the  progress  made.  I  need  not 
tell  you  that  not  all  of  this  wonderiul  success  had  been  due 
to  the  real  merits  of  electric  lighting.  Part  is  due  to  merits 
part  to  the  charm  that  attaches  itself  to  anything  new,  but 
a  greater  part  to  intelligent  promotion,  energetic  and 
scientific  management,  and  to  astonishing  liberality. 
Officers  of  many  gas  companies  might  with  profit  sit  at  the 
feet  of  some  electric  managers  and  gather  crumbs  of 
wisdom.  Possibly  in  the  not  far  distant  future  your 
ooancil  will  recommend  to  the  association  an  amendment 
to  the  constitution.  The  amendment  will  strike  out  the 
word  'gas '  in  the  name  of  the  association,  or  suggest  the 
alternative  proposition  to  add  the  words  '  and  electric' " 

Sleotro-Harmonio  Society. — The  next  concert  will 
tU^e  place  on  Monday,  December  8th  (instead  of  the  usual 
Friday),  at  the  St.  James's  Hall  Bestaurant  (Banquet- 
room),  at  8  p.m.  This  is  a  ladies'  night.  We  give 
the  programme  herewith,  merely  premising  that  the 
orchestra  mentioned  therein. will  be  composed  as  follows  : 
First  violins,  Miss  Doi:^hty  and  Mr.  T.  E.  Gatehouse 
(principal) ;  second  violins,  Messrs.  Raaschon,  Dunn,  and 
Sherwin  Bichardson  (principal) ;  viola,  Mr.  G.  H.  Allen ; 
violonceUofi,  Miss  Dora  Pearce  and  Mr.  Behm  (principal) ; 
contra-basso,  Mr.  Brewer ;  harp,  Mr.  G.  T.  Miles ;  piano, 
Mr.  Alfred  Ixard ;  accompanists,  Mr.  Alexander  Siemens 
^  Mr.  Alfred  Izard ;  musical  directors,  Mr.  T.  £. 
Gatehouse  and  Mi.  Arthur  Thompson.  Programme — Part 
L :  Overture,  ''  Le  Nozze  de  Figaro "  (Mozart),  the 
orchestra ;   song,  "  The  Bedouin's  Love  Song  "  (PinsuU), 


Mr.  Gordon  Heller ;  violin  solo,  **  BaUade  and  Polonaise  " 
(H.  Vieuxtemps),  Mr.  Theodor  Baaschon;  gavotte 
(entr'acte),  "  Mignon  "  (Ambroise  Thomas),  the  orchestra ; 
song,  "Loch  Lomond"  (old  Scotch  ballad),  Mrs.  Alexander 
Siemens;  songs,  (a)  "Death  and  the  Maiden"  and  (i) 
"Hark,  Hark,  the  Lark"  (Schubert),  Mrs.  Alexander 
Siemens ;  harp  solo,  "  The  Bells  of  Aberdovey  "  (Thomas), 
Mr.  G.  T.  Miles ;  musical  sketch,  "  The  Silver  Wedding" 
(Geo.  Grossmith),  Mr.  F.  Charlton  Fry;  violin  duet, 
"  Grossmutterchen  "  ("  Little  Granny  ")  (0.  Langey),  Miss 
Doughty  and  Mr.  Gatehouse,  accompanied  by  orchestra. 
Part  11. :  Overture,  "  La  Sir^ne  "  (Auber),  the  orchestra ; 
violin  solo,  "Adante  and  Finale"  (Mendelssohn),  from 
Concerto  in  £  minor,  Mr.  T.  K  Gatehouse ;  song,  "  Let  the 
Dreadful  Engines"  (Purcell),  Mr.  Gordon  Heller;  selec- 
tion, "  Largo "  (Handel),  the  orchestra  (violin  solo.  Miss 
Doughty);  piano  solo,  "Wedding  March"  (Greig),  Mr. 
Alfred  Izard ;  humorous  song,  "  The  Parents  "  (Harraden), 
Mr.  F.  Charlton  Fry;  finale,  "March"  from  Suite 
(Lachner),  the  orchestra. 

Institution  Dinner. — The  second  annual  dinner  of 
the  Institution  of  Electrical  Engineers  was  held  on  Thurs- 
day evening  last  week,  many  distinguished  gentlemen  being 
present,  besides  members  of  the  Institution.  Among  them 
were  :  The  Bight  Hon.  Cecil  Baikes  (Postmaster<^neral), 
Sir  Bichard  Webster  (Attorney-General),  Mr.  W.  H.  M. 
Christie  (Astronomei^Boyal),  Sir  Arthur  Blackwood  (secre- 
tary. General  Post  Office),  Sir  Geo.  Stokes  (president, 
Boyal  Society),  Mr.  J.  Tomlinson  (president,  Mechanical 
Engineers),  Dr.  Coleman  Sellers  (International  Niagara 
Commission),  Sir  Douglas  Dalton,  Major  Marindin,  Capt. 
Whart-on,  Sir  Jas.  Douglas,  Sir  Jas.  Anderson,  Herr 
Fritsche,  Major-General  Stotherd,  Sir  H.  Trueman  Wood 
(secretary,  Society  of  Arts),  and  many  others.  Mr.  Baikes, 
in  returning  thanks  for  the  toast  of  "Her  Majesty's 
Ministers,"  alluded  to  the  progress  made  in  electrical 
science,  and  pointed  a  happy  speech  by  a  happy  classical 
quotation  embodying  the  threefold  characteristics  of  elec- 
tricity : 

"  Terret,  lustrat,  agit  ProserpiiiA,  Luna,  Diana, 
Ima,  suprema,  feras,  sceptro,  falgore,  flagitt4," 

which  he  ventured  to  paraphrase  in  these  lines  : 

**  Oor  threefold  goddess,  with  her  magic  speUs, 
Bv  turns  alarms,  enlightens,  and  impels, 
while  hangs  the  pale  exchange  upon  her  strings, 
Her  lamp  cheers  cities,  and  her  toaoh  gives  wings." 

Sir  George  Stokes  and  Mr.  W.  H.  Preece  alluded  to  the 
fact  that  the  next  president  of  the  Boyal  Society  would  be 
their  last  year's  President  of  Electrical  Engineers,  Sir  Wm 
Thomson.  The  Attorney-General  announced  his  intention  of 
agreeing  to  join  the  Institution  on  the  invitation  of  Sir  David 
Salomons,  on  the  distinct  understanding  that  they  admitted 
"duffers"  as  well  as  scientific  men,  a  statement  which 
caused  much  amusement.  Dr.  Coleman  Sellers  stated  that 
the  function  of  the  International  Niagara  Commission,  on 
whose  behalf  he  was  in  England,  was  not  a  financial,  but  an 
engineering  one,  the  commission  wishing  to  have  the  use  of 
the  best  brains  they  could  procure.  They  intended  to 
utilise  the  comparatively  small  amount  of  120,000  h.p.  out 
of  the  immense  energy  now  going  to  waste  at  Niagara 
Falls.  Mr.  Baikes  also  proposed  the  "Institution  of 
Electrical  Engineers,"  acknowledging  the  indebtedness  of 
both  Government  and  public  to  the  science,  and  looking 
forward  to  the  vast  field  which,  at  the  expiry  of  the  tele- 
phone patents  in  a  year  or  two,  would  be  opened  to  the 
inventive  genius  of  electrical  engineers.  The  President 
(Dr.  John  Hopkinson)  briefly  replied. 
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COMMOM-SENSB  PIONEERS. 

The  present  decade  ia  one  which  has  given  birth  to  inven- 
tions and  undertakings  i::  electrical  ecience  destined  in  the 
near  future  to  have  as  wideapraad  an  influence  upon  the 
world  aa  the  introduction,  for  instance,  of  the  railway  loco- 
motive hj  Stephenson  has  effected.  It  is  due  to  the  pre- 
sent workers  in  these  fields  to  remember  that  we  have 
amongst  us  men  who  hold  in  their  hands  the  destinies  of 
future  generations  ;  men  whoee  names  are  aa  likely  to  be 
as  renowned  in  later  years  as  that  of  Stephenson  and  Watt 
in  this.  It  is  therefore  always  with  a  thrill  of  interest  that 
men  of  these  days  approach  to  the  inner  feeling  of  the  men 
of  the  earlier  inception  of  great  undertakings,  and  it  ia  with 
a  feeling  of  satiaf action  that  we  note  that  a  grand  common- 
sense,  and  a  lofty  feeling  of  uprightness  in  action,  charac- 
terises those  who  are  destined  to  have  their  energies  yield 
the  frniifulness  of  national  prosperity. 

At  a  recent  meeting  of  a  private  literary  society  which 
took  place  at  the  house  of  Prof.  Silvanns  Thompson,  an 
interesting  |iaper  was  read  by  Mr.  William  Beck,  jun., 
describing  thu  inception  and  initial  stages  of  the  steam 
railway  at  the  time  of  Stephenson.  Not  the  least  interest- 
ing part  of  an  interesting  paper  was  an  original  note  con- 
triliuted  by  his  uncle,  William  Beck  the  elder,  upon  the 
character  and  methods  of  Stephenson  himself,  and  we  think 
it  may  be  found  of  sufficient  personal  and  historical  interest 
to  he  given  to  a  more  extended  public.  It  was  Edward 
Pease — the  Quaker  of  Darlington — who,  working  with 
St«|)heii8on  as  engineer,  furnished  capital  to  carry  through 
the  first  railway  line,  which,  from  the  connection  of 
several  other  members  of  the  Society  of  Friends,  was 
known  as  the  "Quaker's  Railway."  Mr.  Beck  gives  the 
following  information  as  coming  direct  to  him  in  a 
m>  morable  conversation  it  was  once  his  privilege  to  have 
wiUi  Hr.  Pttua : 

"  Ah  to  Stephenson's  education,  or  rather  non-education, 
Edwaid  Pease  said  he  was  unable  to  calculate  by  arithmetic, 
but  could  in  an  astonishing  manner  determine  in  his  mind 
without  putting  down  on  paper  what  amount  of  work  was 
needed,  and  the  reltitive  proportion  between  earth  that  had 
to  be  removed  in  cuttings  and  earth  that  would  be  wanted 
forembjnkbiento. 

"  His  shrewd  common-sense  way  of  obtaining  the  desired 
end  was  more  conspicuous  in  his  character  than  what  might 
be  termed  genius.  Thus,  for  example,  when  desirous  of 
setting  the  distance  apart  of  the  rails,  he  studied  and 
adiipted  as  his  gauge  that  which  traffic  on  common  roads 
hiid  already  decided  for  carriages,  whilst  Brunei  studied 
the  qnefction  abstractly  and  scientifically,  and  achieved  a 
higher  rute  of  speed  in  consequence,  but  common-sense  and 
general  practice  have  favoured  Stephenson's  rather  than 
Brunei's  gauge. 

"  His  stem  honesty  snd  rectitude,  Edward  Pease  said, 
made  an  early  impression  on  himself  and  his  co-directors, 
and  to  the  confidence  thus  established  between  them  great 
results  were  due. 

"  The  rails,  for  example,  were  at  first  mode  of  cast  iron, 
and  Stephenson  had  a  patent  for  some  improvement  he  bad 
effected  in  their  form,  but  when  it  became  a  question  an  to 
what  kind  of  rail  should  be  adopted  for  the  Stockton  and 
Darlington  Eailway,  Stephenson  emphatically  declared 
himself  in  favour  oE  wrought  iron.  Such,  it  must  be 
remembered,  were  much  more  costly  in  those  days  than 
the  catt  ones,  for  the  rolling  machinery  necessary  to  their 
economical  production  had  not  been  invented ;  nevertheless, 
Stephenson B  advice  was  to  the  directors,  'Go  to  this 
expense  and  use  wrought  iron  for  your  metals.' 

" '  Never  to  my  mind,'  said  Edward  Pease,  '  did  a  man 
act  more  honestly  towards  his  employers.  The  other 
course  would  have  brought  him  a  large  and  immodiate 
profit.  We  felt  he  was  speaking  to  us  what  bad  become  to 
him  an  assured  tiuth  when  he  told  us,  "  I  have  tried  both, 
and  I  find  wrought  iron  wears  the  best,  and  though  the 
dearest  at  first  will  prove  the  cheapest  in  the  end  and  the 
safest,  for  they  won  t  break  like  the  cast  metals,"  and  thus 
were  we  led,  contrary  to  our  then  opinions,  to  use  wrou^ht- 
iron  rails  instead  of  cast,  and  we  found  the  colliery  engine- 
man  waa  right  ugain.' 


"As  to  the  now  called  'locomotive,'  its  birth  on  the 
Stockton  and  Darlington  arose  from  Stephenson's  earnest- 
ness in  its  favour,  for  Edward  Pease  and  his  brother  direc- 
tors were  looking,  like  plain,  simple  men,  to  hone  traction 
alone.  'But  come,'  said  George  to  them,  'and  see  my 
fire  horse.  It  will  do  more  than  your  cattle,'  '  and 
so  one  day '  (continued  this  patnarch  of  railways) 
I  went  with  Birkbeck  (who  was  one  of  his  chief 
friends  among  the  directors),  '  to  see  George's  fire- 
steed,  and  he  put  us  upon  it,  and  ran  alongside  poking  at 
the  fire ;  it  did  go,  but  it  wouldn't  for  all  that  go  as  fast  as 
Geoi^e  ran.'  It  was  still  a  mere  chick,  rude  and  slow,  but 
those  two  good  'Friends '  felt  they  had  ridden  on  whst  had 
great  possibilities  before  it,  and  thereupon  started  a  factory 
for  the  making  of  George's  fire  horses.  So  that  memorable 
day  was  in  reality  (little.as  the  actors  in  the  scene  knew  it) 
the  birthday  of  the  English  locomotive,  and  the  origin  of 
the  Newcastle  factory  for  making  them." 


DRAKE  AND  GORHAM'S  SUDIN6  FUSE. 

In  our  description  of  the  installation  at  Madame 
Tussaud's  last  week  we  alludcMl  to  an  improved  type  of 
fuse-box,  introduced  in  its  present  modified  form  under  the 
direction  of  Mr.  Kapp  for  the  occasion,  by  Messrs.  Drake 
and  Gorham,  and  likely,  we  think,  to  have  an  extended 
usefulness.     In  the  earUer  stages  of  electric  lighting  the 


Drake  and  Gorhom's  Fose. 

custom  was  to  distribute  fuses  about  in  all  and  sundry 
places,  in  the  ceiling  roses,  on  the  ceiling,  in  the  corners  of 
moulding,  on  the  wall,  the  wainscoting,  etc.,  almost  tmy- 
where,  in  fact,  often  in  most  unlikely  places,  and  necessi- 
tating a  special  training  on  the  part  of  the  attendants  tu 
remember  the  particular  spots  to  go  to  on  extinction  of  a 
light,  and  causing  considerable  trouble  to  replace.  The 
tendency  has  been  to  draw  all  the  fuses  on  any  one  floor 
together  to  a  special  place  well-known  and  properly  safe- 
guarded, with  glass  cover  for  easy  inspection,  and  from  this 


^p^^^^^f 


place  to  run  all  the  wires  which  the  fuses  protect  Fuse- 
boxes  of  this  type  have  been  in  almost  exclusive  use  with 
many  contracting  firms  for  some  time  and  have  proved 
their  usefulness.  The  illustration  which  we  give  of  the 
latest  arrangement  of  Drake  and  Oorham's  fuse  explains 
it«elf.  The  contacts,  instead  of  being  made  by  screwing 
down  the  fusee,  are  made  by  simply  slipping  in  the  fuae 
plugs.  These  are  made  of  the  form  shown,  a  fusible  wire 
mounted  on  an  insulating  bar,  and  can  each  be  separately 
slipped  in  without  trouble,  without  disturbing  the  other 
contacts,  and  still  retaining  the  short  length  of  wire 
stretched  free  in  air.  The  fuses  are  each  marked  with  the 
current  they  will  carry ;  and  in  fixing  the  boxes  each 
contact  is  also  plainly  marked,  so  that  there  may  be  no 
fear  of  the  insertion  of  the  wrong  fuse.  The  design 
!  allows  easy  manipulation  and  a  perfect  contact  however 
unskilled  may  be  the  attendant.  '~ 
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ELECTUC  CRANES. 


g  tbe  application  of  electric  motor  power  to  practical 
purposM,  that  oi  electiic  craaefi  is  evidently  deatineo  to  find 
an  eztflnded  Geld  of  ueefulnew,  when  it«  simplicity  and 
chaapneu  becomes  mora  known  and  appieciated.  Quite  an 
iiutaUation  of  motors  for  crane  work  has  been  erected  on 
the  wharfs  of  Messrs.  Fellowea,  Morton,  and  Clayton, 
Limited,  at  Wharf-road,  City-road,  where  four  out  oi  the 
six  or  seven  cranes  in  constant  use  have  been  fitted  with 
electrical  gear.  This  work  has  been  carried  out  by  Mr. 
W.  D.  Sanawell,  of  Victor  Works,  Holloway,  who  has  con- 
structed both  the  generating  dynamo,  the  motors  and 
switches,  and  also  the  Decessarv  gearing  for  the  alteration. 
One  of  tiiese  cianes  has  been  oriven  electrically  for  over  a 
year,  and  having  proved  its  usefulness  three  others  in  the 
same  yard  have  been  also  fitted,  and  have  run  with  graat 
satia&ction  for  the  last  three  months.  The  largest  is  a 
12-Uin  derrick  crane ;  the  others  consist  of  one  2-ton  crane, 
and  two  SOcwt,  cranes  of  more  or  less  modem  type.  Theoe 
in  their  times  have  undergone  many  transformations,  from 
tbe  original  hand  gearing  to  steam,  and  from  stsam  back 
to  hand,  and  now  to  electricity,  with  wliich,  it  is  to  be  hoped, 
and  certainly  seems  to  be  expected,  that  the  owners  will 
remain  content. 

The  power  is  obtained  from  a  12-h.p.  nominal  Otto  gas 
engine,  which  is  used  besides  for  driving  chaff-cutting 
machinery  and  friction  hoisting,  the  power  used  for  the 
electrical  cranes  being  about  6  Lp.  The  gas  eneine  is  con- 
nected to  the  dynamo  by  countershaftdng  and  fast  and 
loose  pulley.  The  dynamo,  of  the  two-pole  upright  type, 
with  Oramme  armature,  gives  160  volts  and  40  amperes. 
The  arrangements  ara  iJl  of  the  simplest  and  most  direct 
description,  no  skilled  labour,  or  mechanic,  or  electrician 
being  employed,  all  the  work,  both  in  driving^  hauling,  and 
attending  to  the  dynamos  and  motors,  beingdone  by  ordi- 
nary wharf  labourers  engaged  on  the  place.  The  wires  from 
the  dynamo  aro  taken  t&ough  a  main  switch  to  the  centre 
of  tbe  high  roof,  and  from  here  distributed  in  parallel  to 
the  four  motors.  The  cranes  being  all  of  different  type  and 
make,  each  one  has  bad  to  be  fitted  and  mount«a  with 
motor  and  gearine  according  to  its  shape  and  require- 
ments. In  (me  the  motor  is  bolted  to  the  stand-plate, 
to  another  side  plates  have  been  cast,  planed,  and 
fitted,  and  the  motor  slung  in  between  these  m  the  most 
compact  way  possible.  One  of  the  motors  is  of  2^  h.p.,  the 
other  three  being  2  h.p.,  geared  to  the  requirements  of  the 
lifting  power  of  the  various  cranes.  Each  motor  is  geared 
direct  to  cog-wheel  pinions  and  drives  backwaida  and 
fwwards  for  hoisting  and  lowwiog  by  means  of  a  reversing 
switch.  The  switch  is  arranged  id  the  simplest  possible 
wi^,  with  two  handles — one  for  roversing,  and  the 
other  for  starting  and  stopping — with  three  resist- 
ances in  the  armaturo  circuit.  These  handles  are 
all  that  shows  to  the  workman,  and  are  fixed ; 
but  to  each  switch  there  is  a  plug  which  the  workman 
carries  in  his  pocket  for  insertion  into  a  plughole  before 
starting.  This  acts  as  a  main  switch  plug  and  fits  all  the 
motors.  The  cranes  are  thus  under  complete  control  for 
hoisting  and  lowering,  and  aro  further  furnished  wiih 
powerful  strap  brake.  The  current  used  is  usually 
about  12  or  15  amperes,  never  over  20  amperes,  so  that 
the  dynamo  is  able  (and  will  probably  be  made)  to 
supply  one  or  two  other  cranes.  It  is  seldom  found 
that  three  or  even  two  cranes  are  <vorking  at  the  same 
time  and  for  three  cranes  to  be  hoisting  at  exactly  the  same 
moment  is  almost  beyond  chance  of  possibility — a  fact 
which  allows  a  moderate  sized  dynamo  to  supply  quite  a 
number  of  hoists.  The  brushes  on  the  motors  are  of  solid 
carbon  ban  as  used  in  America.  The  fixed  position  of  the 
brushes  causes  more  sparking  than  is  usually  allowed,  but 
tbe  directness  of  the  method  of  connection  for  backward 
and  forward  working  has  been  considered  better  than 
attempting  to  run  always  one  way.  The  cranes,  on  our 
visit,  wero  at  work  loading  and  unloading  goods,  and  seem 
to  be  in  great  favour  with  the  men  for  quickness  and  ease  of 
manipulation. 

But  besidee  this  the  great  advantage  is  cheapness. 
The  cost  of  working  tbe  cranes  by  steam  is  given  at 


£5  per  week  for  fuel  alone,  working  night  and  day  ss  they 
do ;  while  for  gas  in  the  gas  engine  by  electric  means  the 
cost  for  the  four  cranes  is  only  £2  a  week.  The  cost  of 
the  whole  installation  (without  the  gas  engine)  including 
shafting,  dynamo,  wiring,  motors,  gearing  and  fitting  and 
altering  cranes,  was  a  little  over  £300,  with  a  oootnct  for 
keeping  them  in  order  for  £30  a  year.  Mr.  Sandwell  is 
intending  to  make  a  speciality  of  electric  crane  work,  and 
has  secured  orders  for  over  £2,000  worth  of  this  class  of 
work.  He  is  able  to  construct  and  supply  a  2-ton  electric 
crane,  including  everything,  except  engine — that  ia,  crane, 
dynamo,  motor,  and  gearing — for  something  over  £100, 
ffhich  ia  only  about  half  the  cost  of  a  steam  crane 
planL  Electric  cranes,  theroforo,  would  be  econo- 
mical both  for  first  cost  as  well  as  for  cost  of  running  in 
such  cases  whera  engine  power  was  to  spare,  or  a  gas  or 
steam  engine  was  required  for  other  purpoeee,  such  as  saw 
mill  work,  or,  again,  where  several  cranes  are  rec^uired  for 
use  on  one  factory  or  wharf.  Weshould  thinkthis  example 
of  one  of  the  largest  of  London  wharfage  firms  will  be  pro- 
ductive of  good  results  upon  electric  motor  work  by  tbe 
introduction  of  electric  cranes  on  many  similar  wharves, 
and  at  other  works  where  rapid  transfer  of  goods  u  a 
necessity. 


MAGNETISH  AND  BECALBSCENCE.* 

BT  J.  HOPXIHSON,  D.Bc,  F.E.S. 
In  my  experiments  the  results  of  which  are  published, 
Phil.  TWu.,  1889,  A,  p.  i43, 1  showed  that  recalescence 
and  tlie  disappearance  of  magnetisability  in  iron  and  steel 
occurred  at  about  the  same  temperature.  The  eridence  I 
then  gave  was  sufficiently  satisfactory,  but  did  not  amount 
to   absolute  proof  of  the  idenUty  of  the  tempenturea. 


Fio.  I. 

Omond  has  shown  that  the  temporatore  of  recalescence 
depends  upon  the  temperaturo  to  which  the  iron  has  been 
heated,  also  that  it  differs  when  the  iron  is  heated  and 
when  it  is  coaled.  He  also  showed  that  for  some  aorts  of 
steel  the  heat  is  liberated  at  mora  than  one  tempei^tun, 
notably  that  in  steel  with  029  per  cent  of  carbon  heat  is 
liberated  when  cooling  at  720deg.  C.  and  at  660deg.  0., 
and  that  with  steel  witn  032  per  cent  carbon  there  is  a 
considerable  liberation  of  heat  befora  the  temperatore  ia 
reached  when  this  becomes  a  maximum.  It  appeared  to  be 
desirable  to  obtain  absolute  proof  that  the  change  of  mag- 
netic property  occurred  exactly  whan  heat  was  liberated 
and  absorbed,  and  to  examine,  masnetically,  Oamood's  two 
temperatures  of  heat  liberation,  I  hare  not  be«i  able  to 
obtain  samples  of  steel  of  the  size  1  used,  showing  two  well- 
marked  temperatures  of  heat  liberation  and  absorption,  but 
I  have  a  ring  iu  which  thera  is  liberation  of  heat  extending 
over  a  considerable  range  of  temperaturo. 

The  samples  had  the  form  of  rings  of  the  size  and  shape 
indicated  in  Fig.  1.  A  copper  wire  was  well  insulated  with 
asbestos  and  laid  in  the  groove  running  round  the  ring,  and 
waa  covered  with  several  layera  of  asbestos  paper  laid  in 
the  groove.  This  coil  waa  used  for  measuring  tempentura 
by  its  resistance.  The  whole  ring  was  served  over  with 
asbeatOB  paper  and  with  aheeta  of  mica.  The  secondary 
exploring  coil  was  then  wound  on,  next  a  serving  ot 
asbestos  paper  and  mica,  and  then  the  primary  coil,  and, 
lastly,  a  good  serving  of  asbestos  paper  was  laid  over  all. 
In  this  way  good  insulation  of  the  secondary  coil  was 
secured,  and  a  reasonable  certainty  that  the  temperature 


*  Paper  lead  before  the  RoTal  Sooietjr. 
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The  undersigned  beg  leave,  therefore,  most  respectfully 
to  request  the  Board  of  Trade  to  give  the  decision  therein 
communicated  their  favourable  consideration,  and  to 
suggest  that  this  rule  may  be  modified  in  accordance  with 
the  following : 

Every  high-pressure  aerial  conductor  must  be  continu- 
ously insulated  with  a  durable  and  efficient  material,  to  be 
approved  of  by  the  Board  of  Trade,  and  to  a  thickness  of 
not  less  than  one-seventh  part  of  the  actual  conductor 
diameter,  in  cases  where  the  extreme  difference  of  potential 
does  not  exceed  2,000  volts ;  but  for  all  higher  voltages  this 
thickness  must  be  increased  in  direct  proportion  to  the 
increase  in  difference  of  potential. 

In  no  case  must  the  thickness  of  insulation  be  less  than 
one-sixteenth  of  an  inch,  and  the  cables  must  have  an  insu- 
lation resistance  of  not  less  than  one  megohm  per  mile  per 
volt  of  electromotive  force  when  tested  in  water  at  60deg. 
Fahr.  (after  immersion  of  at  least  60  consecutive  hours). 
This  insulation  must  be  further  efficiently  protected  on  the 
outside  against  injury  or  removal  by  abrasion.  If  this 
insulation  or  protection  be  wholly  or  partly  metallic,  it 
must  be  efficiently  connected  to  earth,  so,  however,  as  not 
to  cause  undue  disturbance  to  other  electric  lines  or  works 
by  electrostatic  induction  or  otherwise. 

The  undersigned  are  wiUing  and  anxious  to  conduct  any 
additional  tests  which  the  Board  of  Trade  may  wish  or 
surest  in  proof  of  the  contentions  herein  stated. 

Tiie  undersigned  make  these  representations  while  fully 
recognising  the  necessity  in  the  interests,  not  only  of  the 
public,  but  also  of  the  electrical  industry  generally,  that  all 
overhead  electric  lines  should  be  carried  out  in  the  safest 
possible  maimer. — ^We  have  the  honour  to  be.  Sir,  your 
most  obedient  servants, 

(Signed)       The  Brubh  ELBcmucAL  Enoinbsjung 

Ck)liPANY,  LXHTTED. 

Mbssrs.    Crompton    and    Company, 

LiMrna). 
The  Indu  Rubber  and  Outta  Psrcha 

Company,  LmrrKD. 
The  Laino,   Wharton,    and    Down 

Construction  Syndicate,  Limited. 


London,  November  6,  1890. 
To  the  Bight  Hon.  Sir  Michael  Edward  Hicks-Beach,  Bart., 
M.P.,  President  of  the  Board  of  Trade. 

Sir, — We,  the  undersigned  companies,  firms,  and  persons 
interested  in  the  supply  of  electricity  in  the  United  King- 
dom, beg  respectfully  to  memorialise  your  Board  with 
reference  to  regulations  Nos.  2  and  12  of  Regulations  for 
the  Protection  of  the  Public  Safety,  etc.,  prescribed  by  the 
Board  of  Trade  under  the  provisions  of  the  Electric  Light- 
insActof  1889. 

With  reference  to  these  regulations,  the  undersigned  beg 
leave  to  bring  before  the  Board  the  fact  that  in  coniunction 
with  overhead  conductors  having  a  small  sectional  area  of 
copper,  the  use  of  suspending  wires  is  not  only  unnecessary, 
but  exceedingly  dangerous  to  public  safety,  on  account  of 
the  large  siurface  presented  to  wind  and  snow,  and  the 
fl;reat  strain  put  upon  the  supports. 

It  is  admitted  that  this  does  not  apply  with  so  much  force 
to  the  use  of  suspending  wires  with  the  conductors  of  rela- 
tively large  sectional  area,  but  the  undersigned  are  strongly 
of  opinion  that  both  in  the  interests  of  the  electrical 
industry,  and  in  those  of  public  safetv,  it  is  advisable  that 
overhead  conductors,  up  to  a  sectional  area  of  hard  drav^n 
copper  equivalent  to  seven  No.  16  S.W.6.,  should  be  ruir 
without  suspending  wires. 

The  undersigned  beg  leave,  therefore,  most  respectfully 
to  request  the  Board  of  Trade  to  give  their  favourable 
reconsideration  to  the  foregoing  regulations,  and  to  suggest 
that  they  may  be  modified  in  accordance  with  the  following  : 

Clause  2.  Every  aerial  conductor  shall  be  attached  to 
supports  at  intervals  not  exceeding  200ft.  where  the  direc- 
tion of  the  conductor  is  straight,  or  150ft.  where  this  direc- 
tion is  curved,  or  where  the  conductor  makes  a  horizontal 
angle  at  the  point  of  support  If  suspending  wires  are  used, 
as  required  in  Clause  12,  the  above  intervals  may  be 
increased  to  250ft.  and  200ft.  respectively. 

Clause  12.  Every  aerial  high-pressure  conductor  shall  be  I 


efficiently  suspended  by  means  of  non-metallic  ligaments  to 
suspending  wires,  so  that  the  weight  of  the  conductor  does 
not  produce  in  it  any  sensible  stress  in  the  direction  of  its 
length,  and  the  insulated  conductors  and  suspending  wires 
where  attached  to  supports  shall  be  in  contact  only  with 
material  of  highly-msulating  quality,  and  shall  be  so 
attached  and  guarded  that  in  case  they  break  away  it  shall 
not  be  possible  for  them  to  fall  away  clear  of  the  supports. 
Provided,  that  where  the  aerial  high-pressure  conductor  is 
equal  to  or  less  than  seven  No.  16  S.W.G.,  the  suspending 
wires  shall  not  be  compulsory  if  the  conductor  be  of  hard- 
drawn  copper,  or  other  material  of  equal  strength. 

The  unaersigned  are  willing  and  anxious  to  conduct  any 
tests  which  the  Board  of  Trade  may  wish  or  surest,  in 
proof  of  the  contentions  herein  stated. 

The  undersigned  make  these  representations  while  fully 
recognising  the  necessity,  in  the  interests,  not  only  of  the 
public,  but  also  of  the  electrical  industry  generally,  that  all 
overhead  electrical  lines  should  be  carried  out  in  the  safest 
possible  manner. — We  have  the  honour  to  be,  Sir,  your 
obedient  servants, 

(Signed)       Thb  Brush  ELEcrnucAL  Ekoinixuno 

COMFANT,  LiMrrED. 

Messrs.  Cbomfton  and  Co.,  Ldoted. 

The   Laing,   Wharton,    and    Down 

Construction  Syndicate,  Limited. 


MINE  LIGHTING. 


Mr.  R.  Oliver  G.  Drummond,  electrical  e^^ineer  to  the  De 
Beers    Consolidated    Mines,    Limited,   of   Kimberley,    South 
Africa,  has  designed  the  following  fittings  with  the  view  of 
overooming  the  difficulties  met  with  in  mine  lighting.     The 
apparatus  is  being  manufactured  by  the  Electrical  Eogineeilng 
Cforporation.    The  switches  and  fuses  are  mounted  on  specially- 
deeigned  bases,  insulated  from  the  bolt  that  secures  them  to  the 
timoer  or  roof,  and  fitted  with  a  cover  to  keep  off  the  dust,  etc., 
and  to  protect  the  workmen  from  shooks.    ^e  wires  are  drawn 
in  from  the  lower  side  of  the  base,  and  consequently  the 
dripping  water  cannot  run  up  the  lead  into  the  switch  or  the 
fuse.       With  these    fittings    there  cannot  be  any    appreci- 
able  leakage,    except    where    there  is   a    laige   amount   of 
moisture  in  the  air  and  consequent  condensation  on  the  sides  of 
the   insulated    bases.       The    lamps    are   suspended    from   a 
holder   fitted   inside   a  porcelain  insulator,  which  is  of  such 
a  shape  that  it  becomes  a  reflector  to  the  lamp,  throwing  the 
light  downwards,  and   the  heat  of  the  lamp  rising  into  thia 
insulator  keeps   it   warm  and  dry,  no  matter   how   full   of 
moisture  the  air  is.     Any  water  drippins  on  to  it  from  the  roof 
runs  off  the  outside  of  it,  so  that  the  &mps  and  holders  are 
thoroughly  insulated,  and  faults  from  bad  insulation  are  im- 
possible.    The  bracket  lamp  is  designed  of  a  shape  suitable  for 
fixing  to  the  sides  of  a  tunnel,  and  is  fitted  in  an  insulator  with 
the  same  results  as  the  hanging  lamp.    The  reflector  in  this  case 
is  of  such  a  shape  that  the  light  is  thrown  upwards,  downwards, 
and  sideways.     When  it  is  necesaaxy  to  hang  lamps  in  very  wet 
places  the  combination  fitting  is  recommended,  as  the  switch 
and  cut-outs  are  arranged  inside  the  reflector  or  porcelain  insu- 
lator, and,  as  will  be  seen,  the  heat  of  the  lamp  is  utilised 
to  keep  the  insulation  of  these  fittings  good.     The  two  hooks 
are  used  to  suspend  the  conductors,  and  as  the  joints  for  the 
branches  to  the  lamps  are  taken  from  here,  the  insulation  of 
these  joints  is  kept  good  by  the  warm  air  rising  from  the  lamp. 
This  fitting  has  many  advantages  in  rock  tunnels,  or  plaoes 
where  it  is  necessary  to  susjpend  the  wires  from  the  roof  by 
insulators,  and  where  there  is  no  timber  to  attach  the  wires, 
lamps,  cut-outs,  or  switches  to,  and  consequently  holes  have  to 
be  bored  in  the  rock,  and  wooden  plugs  driven  in  them.     In 
these  tunnels  it  is  generally  very  expensive  to  bore  holaa  in  the 
roof,  as  the  rock  is  very  hard,  and  tne  required  pesition  of  the 
holes  is  the  most  difficult  for  boring,  so  that  the  less  there  are 
the  better.     For  these  reasons  the  combination  fitting  was 
arranged  to  carry  as  much  as  possible.     It  takes  the  place  of  a 
bracket  for  two  insulators,  a  support  of  one  switch,  two  out- 
outs  and  a  lampholder  ;  thus  one  hole  suffices  for  five.  The  fitting 
is,  moreover,  very  efficient,  as  the  heat  of  the  lamp  is  utilised 
to  keep  all  the  necessary  parts  in  connection  with  the  lamp  dry, 
and  also  the  joints  and  branches  fBom  the  main  wire. 

Switches,  cut-outs,  and  lampholders  of  the  above  pattern 
were  used  for  the  lighting  of  the  De  Beers  Mine,  and  are  also 
being  installed  in  the  Kimberley  Mine.  The  De  Beers  Mine 
circuit,  says  the  Colliery  €fuardia/n^  was  erected  by  Mr.  Drum- 
mond over  twelve  months  ago.  The  mine  is  li^hced  W^  hours 
a  week,  from  Sunday  night  at  five  o'clock  until  the  folIblilDg 
Sunday  morning  at  seven  o'clock,    The  installation  haa  b^ 
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working  without  a  ceaaation  of  light  during  the  hours  that 
ground  was  pulled  since  its  commencement,  except  on  May  20, 
1890,  when  the  engine  was  stopped  for  15  minutes  to  remake 
one  of  the  joints  that  had  blown  out.  It  has  been  stopped 
on  two  or  three  occasions  during  the  dinner  hour  to  tighten 
a  belt  or  repack  a  gland  on  the  valve  spindles,  but  never 
during  working  hours  with  the  exception  of  the  one  case 
mentioned.  On  three  occasions  the  dynamo  was  run  for  484 
hours  without  a  stoppage,  and  on  two  occasions  for  566  hours, 
when  it  was  stopped  for  a  public  holiday,  and  without 
repairs  was  started  again  on  the  same  evening,  and  ran  for 
4^  hours.  The  installation  has  been  run  with  only  one 
dynamo  and  engine,  and  no  accumulators,  for  about  9,600 
hours,  and  there  has  never  been  a  fault  to  hinder  the 
lighting,  either  from  bad  insulation  or  short  circuits,  nor 
has  the  engine  or  dynamo  broken  down.  No  repairs  have 
been  necessary  or  done  during  this  time  to  the  dynamo, 
engine,  or  installation,  with  the  exception  of  cleaning  the 
commutator,  tightening  the  brasses,  packing  the  glands, 
insulating  joints  afresh  that  were  originally  badly  made  by 
the  workmen,  changing  lamps,  and  the  maintenance  of  the 
belts  and  boxing  round  the  wires  in  the  mine.  The  insulation 
is  tested  daily,  bv  placing  a  voltmeter  in  circuit  between  the 
one  main  and  earth — ^first  one  main  and  then  the  other.  If  the 
insulation  gets  bad  in  any  place  the  fault  is  localised  whilst  the 
current  is  on,  and  after  finding  it  is  repaired.  The  fuel  us^ 
for  the  maintenance  of  the  lights  has  chiefly  been  crushed 
timber  and  refuse  from  the  mine,  and  cinders  sifted  from  the 
different  engines  about  the  works.  The  condenser  was  arranged 
to  draw  water  from  a  swimming-bath  and  deliver  it  back  again, 
the  bath  acting  as  a  cooling  pond.  The  installation  is  of  100 
lamps,  but  is  now  being  increased  to  200;  and  an  installation  of 
100  hunpa  is  being  erected  in  the  Kimberley  Mine. 
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PROF.    S.   P.    THOMPSON   ON   ELECTROMAGNETIC 

MECHANISMS. 

On  Friday  evening,  the  2l8t  inst.,  the  first  meeting  of  the 
society  was  held  at  the  Westminster  Palace  Hotel,  when  the 
president.  Prof.  Silvanus  P.  Thompson  delivered  an  address  on 
"  Electromagnetic  Mechanisms." 

Prior  to  tne  giving  of  the  address,  a  hearty  vote  of  thanks  was 
accorded  to  Prof.  Jomi  Perry,  F.R.S.,  the  retiring  president,  who, 
in  acknowledging  the  vote,  took  the  opportunity  of  saying  that 
this  was  one  of  the  healthiest  societies  with  which  he .  was 
acquainted. 

Frof.  SUwaBiia  T1umip«ni  having  taken  the  chair,  said  be 
believed  it  was  their  custom  to  expect  of  their  president  for  the 
year  not  only  that  he  should  give  them  an  address,  but  that  he 
would  write  that  address  out  beforehand,  print  it,  and  have  it 
ready  for  distribution.  Unfortunately,  they  nad  hardly  given  him 
sufficient  time  since  they  did  him  the  honour  of  electing  him  to 
perform  the  whole  duty  of  man.  Therefore,  though  he  had  a  por* 
tion  of  his  address  printed,*  there  was  a  portion  which  was  not 
even  vet  committed  to  manuscript,  and  if  a  few  days  elapsed  before 
thev  Lad  the  address  in  complete  form  he  must  beg  them  to  forbear 
with  him. 

The  topic  of  his  address  was  "Electromagnetic  Mechanisms." 
To  the  mechanical  engineer  the  study  of  the  electromagnet  pre- 
sented many  interesting  problems.  By  this  means  power  trans- 
mitted electrically  along  a  fitting  wire  produced  a  mechanical 
motion.  The  conditions  of  that  motion  constituted  in  one  sense  a 
purely  mechanical  problem,  though  the  electrical  and  mechanical 
conditions  under  wnich  the  power  was  supplied,  and  upon  which 
the  motion  depended,  belonged  to  electrical  science.  Let  them 
oonaider  at  the  outset  in  what  an  electromagnet  consisted.  The 
magnetic  portion  of  it  usually  comprised  two  parts.  A  ^ed  iron 
core,  bent  or  straight,  and  a  movable  portion  of  iron  commonly 
called  the  armature,  which  two  together  constituted  more  or  lees  com- 
pletelyama^neticcircnit.  The  electrical  portion  of  theelectromagnet 
consisted  ota  coil  or  coils  of  insulated  copper  wire  usually  encir- 
cling an  iron  core  with  numerous  convolutions.  (Specimens  of  elec- 
tromagnets lay  on  the  table  and  were  pointed  out  to  the  meeting. ) 
When  an  electric  current  was  switched  in  to  the  copper  wire, 
it  produced  in  the  iron  core  a  magnetic  action.  The  magnetising 
force  of  the  coil  was  strictly  proportional  to  the  current  that  was 
famished  in  the  wire,  and  to  the  number  of  convolutions  that  the 
wire  made  around  the  magnetic  circuit.  But  the  amount  of  ma«- 
netiiation  induced  in  the  core  was  not  simply  proportional  to  the 
magnetising  force  idone.  It  depended  upon  the  perfection  or  com- 
pleteness <n  Uie  magnetic  circuit.  If  the  magnetic  circuit  consti- 
tuted by  Uie  iron  core  and  its  armature  and  the  intervening  air 
0ips  was  of  inordinate  length,  or  if  the  gaps  were  considerable, 
then  its  reluctance  to  magnetisation  might  be  so  great  that  very 
little  would  be  effected  in  it.  The  principle  (3  the  magnetic 
circuit  was  of  Uie  first  importance  as  a  cue  to  the  behaviour  of 
electromagnets.  A  seoona  ^iding  principle  was  to  be  found  in  the 
tendency  which  a  magnetic  circuit  fdways  exhibited  to  periect  itself. 
That  was  to  say,  a  magnetio  circuit,  when  subjected  to  magnetic 


*  This  was  not  forthcoming  at  the  meeting,  and  this  report  is 
tarn  our  own  notes  of  what  FroL  Thompson  said. 


force,  tended,  if  so  arranged  that  any  portion  of  it  could  move, 
so  to  alter  its  configuration  as  to  become  as  oompcust  as  possible. 
If  the  armature,  for  example,  was  movable,  ana  was  plaoed  at 
some  little  distance  away  from  the  influence  of  the  core  or  coils,  it 
would  be  mechanically  ur^^  into  greater  proximity,  so  that  core 
and  armature  misht  constitute  a  (£>sed  circuit  of  iron  as  nearly  as 
possible.  In  so  doing  the  armature  performed  mechanical  work. 
The  action  of  the  common  horseshoe  form  of  electromagnet  in 
drawing  up  its  armature  was  an  elementary  illustration  of  this 
prindpTe. 

A  second  form  of  electromagnet  oonsiBted  of  a  tubular  coil  of 
copper  wire  (specimens  shown)  into  the  hollow  of  which  an  iron 
plunger  was  drawn  when  the  current  was  turned  on  into  the 
coiL      This    coil  and   plunger    species  of    electromagnet    pos- 
sessed manv  characteristics  by  wnich  it  might  be  distinguisned 
from  the    horseshoe   or   straight   core   form,    but   nevertheless 
the  principle  applied  equally  to   both.      In   dealing   with    the 
magnetic  circuits  they  must  carefuUv  cut  themselves  off  from  those 
meai»vfd  notions  of  magnetism  which  haunted  the  text-books, 
according  to   whidi   it   was  considered  as  a  fluid.    The  fluids 
were   pure   fictions.    The   existence  of  a   polar  surface  was   a 
pure  accident,  the  most  hiehly-magnetised  part  of  a  magnet  being 
usually  that  part  which  uiowed  upon  its  surface  not  a  trace  <u 
magnetic  action.     It   was  easy  to  illustrate   what  he   meant. 
There  (taking  it  up)  was  an  electromagnet  with  its  armature,  and 
he  would  take  any  pieoe  of  iron  that  he  happened  to  have  on  the 
table,  and  on  turning  on  the  current,  they  nad  this  attracted  with 
a  moderate  force  to  the  piece  of  iron.    His  point  was  that  this 
polar  surface  which  attracted  the  armature  was  by  no  means  the 
most  highly-magnetised  portion.    The  bend,  or  bole,  or  yoke,  of 
the  magnet  would  not  attract  the  piece  of  iron  at  all  to  any 
extent,  nothing  like  the  extent  that  the  poles  at  the  other  end 
attracted  it.    This  bend  or  bole  was  really  the   most  highly- 
magnetised  portion.    Indeed,  they  might  have  an  electromagnet, 
or,  for  that  matter,  a  permanent  one,  having   absolutely   no 
external  manifestation  of  magnetism  at  all.    There,  for  example, 
was   an   iron   ring   covered   with    copper   wire,    which,    when 
a  current  was   turned    into  it,  though    the   iron   was   highly 
magnetised  internally,  would  not  pick  up  an  iron  filing  or  attract 
a  twtaok.    There  were  no  poles.    The  fact  was  that  magneUsm 
was  an  internal  phenomenon,  the  internal  manifestations  were  the 
real  ones.    It  was  possible  to  magnetise  a  steel  ring  in  that  way, 
and  afterwards  to  unwind  the  copper  wires,  and  for  the  ring  not 
to  show  a  trace  of  magnetism.     (This  was  shown  by  a  diagram.) 
Continuing,  Prof.  Thompson  said  that  the  moment  the  ring  was  cut 
in  two,  so  that  the  magnetic  lines  had  to  come  up  to  the  surface 
and  into  the  air,  at  once  in  these  saps  in  the  magnetic  circuit  the 
magnetic  virtues  were  revealed.    It  was  when  the  magnetic  lines 
got  out  of  the  iron  into  air  that  they  obtained  the  action  commonly 
called  magnetic.   The  pole  or  polar  region  of  a  magnet  was  merely 
another  way  of  stating  that  at  that  part  of  the  surface  the  mag- 
netic lines  emended  mm.-  the  interior  into  the  air.    The  proper 
modem  mode  of  regarding  magnetic  phenomena  was  to  consiaer 
the  various  metals — ^iroUi  steel,  etc. — as  being  in  various  d^rees 
conductors  of  magnetic  lines.     These  being,  as  it  were,  stream- 
lines in  the  magnetic  medium,  which  were  conveniently  taken 
to  represent  bv  their  number  and  direction  the  quantity  and 
direction    of   the    fluxes  of   internal   magnetisation.      He  used 
the  word  flux   there  rather  than  current,    in  order  that  they 
might  not  confuse  the  magnetic   action  running   through   the 
circuit,  with  the  electric  current  circling  outside  it,  which  pro- 
duced the  magnetic  force.     Wherever  there  was  a  gap  in  the 
magnetic  circuit  between  iron  and  iron,  there  was  a  magnetic  stress 
urgingfthe  configuration  so  to  chanee  as  to  close  up  the  gap.  This 
stress  urged  the  armature  of  the  efoctromagnet  towards  the  iron 
core.    They  might  Call  it  an  attraction  if  thev  preferred  that  way 
of  putting  it,  only  let  them  beware,  for  this  attraction  did  not 
vary  as  the  inverse  square  of  the  distance.    It  depended  upon 
other  things,  such  as  the  quality  of  the  iron  behind,  the  length 
and  cross-section  of  the  iron  behind,  and  not  simply  upon  the 
distance  of  the  surfaces  apart.     The  stress  of  the  two  surfaces 
depended  solely  upon  the  strength  of  the  magnetic  flux  in  the 
intervening  medium,  which  In  turn  depended  upon  the  reluctance. 
He  might  pause  here  to  make  a  little  dif^ression.   He  had  said  that 
they  took  the  number  of   the  magnetic  lines  to  represent  the 
decree  of  nuignetisation  internallv.    They  assigned  to  each  decree 
of  internal  magnetisation  a  number.    Having  deflned  what  tney 
called  one  maCTietic  line,  they  were  able  to  specify  degrees  of  mag- 
netisation.    Si  was  practicably  impossible  with  the  very  best 
wrought  iron,  under  ordinary  circumstances,  to  force  more  than 
130,000  magnetic  lines  per  sauare  inch  into  it.    And  the  stress  in 
the  intervening  medium  in  tne  gap  depended,  as  he  had  just  re- 
marked, upon  the  square  of  the  number  of  magnetic  lines.    At  one 
time  there  was  a  notion  that  these  magnetic  lines  might  be  regarded 
as  though  they  were  invisible  elastic  threads.    If  that  were  true, 
they  ought  to  have  the  greater  pull  between  the  two  surfaces  when 
the  gap  was  widened,  whereas  the  contrary  was  the  fact.    They 
ought  also  to  find  Uiat  the  pull  between  the  two  surfaces  was  pro- 
portional to  the  number  of  magnetic  lines  across  the  gap,  but  it 
was  proportional  to  their  square.    The  spaoe  traversed  by  the  mag- 
netic lines  was  called  the  magnetic  fiela;    (Prof.  Thompson  then 
eavea  history  of  the  invention  of  the  electromafpiet,  which  will  be 
found  in  his  Cantor  lectures,  and  need  not  be  given  here.) 

{To  he  eontinwtL) 


WnuB   Down.— Hundreds  of  telegraph  wires  were    brought 
down  in  DnbUn  on  Thursday  morning  oy  snow. 
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Paper  that  we  know  ever  refuees  Subseribers  or  Advertisers.  Nor 
do  we;  in  faot,weinmU  thmn,  bdieving  thattheywiU  get  full 
value/or  thew  money. 

Speeimen  copies  of  the  paper  wiU  be  sent  on  request. 


PROF.  S.  THOMPSON  AT  THE  JUNIOR  ENOIMEEBS. 

It  is  a  great  pleasnre  to  listen  to  Prof.  S.  Thomp« 
son  at  any  time  and  on  any  subject ;  but  the  pleasure 
is  tempered  with  something  else  when  open  windows 
pour  down  cold  air  upon  heated  people  in  a  heated 
room.  The  Junior  Engineering  Society  should  look 
to  this. 

Prof.  Thompson  is  one  of  those  men  who  hold  a 
somewhat  unique  position^  in  that  he  never  risks 
addressing  an  audience  except  upon  a  subject  with 
which  he  is  thoroughly  conversant.  On  Friday  last 
he  delivered  the  presidential  address  to  the  Junior 
Engineers,  the  subject  being  ''Electromagnetic 
Mechanisms."  The  subject  matter  was  very  similar 
to  that  of  his  Cantor  lectures,  now  being  published 
in  the  technical  papers,  and  just  issued  in  a  com- 
plete form  by  the  Society  of  Arts.  Our  admiration 
for  Prof.  Thompson's  matter  and  method  is  tinged 
with  regret  that  upon  certain  points  we  are  bound 
to  differ  with  his  conclusions.  Having  made  up  his 
mind  that  the  old  text-books  are  faulty,  it  is  a  pity 
that  he  cannot  break  away  from  them  to  a  greater 
extent.  In  any  general  condemnation  of  books,  we 
distinctly  reserve  such  condemnation  for  those  books 
written  by  schoolmasters  for  schoolmasters  and  for 
examination  purposes.  With  hardly  an  exception, 
these  books  are  mere  scholastic  twaddle,  most  of 
them  vnthout  a  single  redeeming  feature-unless 
assisting  to  "  cram  for  an  exam."  be  such  a  feature. 
Other  books  usually  not  vnritten  by  schoolmasters, 
and  filled  with  heterodox  views,  ultimately  prove  to 
contain  the  leaven  that  leavens  the  whole  lump  of 
public  opinion. 

To  writers  and  teachers  outside  the  scholastic 
pale,  credit  for  anything  is  seldom  given.  For  them 
as  for  the  unpatriotic,  we  might  parody  Scott  and 
say 

*'Gk>,  mark  them  well, 
For  them  no  minstrel  raptures  swell." 

The  last  10  years  has  opened  the  eyes  and  widened 
the  views  of  those  we  are  accustomed  to  accept 
without  demur  as  our  teachers  par  excellence,  but  in 
matters  electrical,  beside  the  names  of  Thomson 
and  Maxwell,  we  would  place  those  of  Sprague, 
FitzGerald,  and  Webb.  The  two  former  have 
opened  the  eyes  of  the  mathematicians,  the  three 
latter  by  their  writings  and  teaching  have  opened 
the  eyes  of  the  more  practical,  and  laid  a  foundation 
for  the  better  reception  of  the  "  modem  views."  as 
taught  now.  Most  of  the  views  now  looked  upon  as 
**  modern,"  that  is,  accepted  by  professordom  during 
the  past  four  or  five  years,  were  taught  by  these  men 
15,  20,  or  25  years  ago.  Bluntly — Green's  mathe- 
matics were  valueless  for  half  a  century ;  they  were 
outside  the  comprehension  of  the  multitude.  And  it 
is  ever  thus.  The  men  who  revel  in  transcendental- 
ism are  of  less  value  in  the  world's  progress  than 
men  who  can  talk  and  be  understood.    We  are 
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afraid  that  Hie  work  of  the  men  who  endeavour  to  be 
understood  does  not  impress  itself  upon  the  profes- 
sorial mind  like  that  of  men  who  write  and  teach, 
and  are  understood  only  upon  trust.  There  are  a 
few  men  who  can  translate  mathematical  language, 
there  are  many  men  who  can  translate  physical 
language.  Prof.  Thompson  seems  sometimes  unde- 
cided as  to  which  language  to  adopt.  This  indecision 
invites  criticism  upon  one  point  especially.  No 
doubt  we  shall  be  told  that  we  are  altogether  wrong 
in  our  explanation,  but  this  we  are  used  to,  as  we 
are  accustomed  to  see  views  expressed  in  these 
pages  adopted  without  thanks  by  those  who  in  the 
first  instance  ridicule  them.  We  are  living  to  see 
**  conductive,"  '*  inductive,"  and ''  magnetic  "  circuits 
a  common  way  of  speaking,  yet  as  Shakespeare 
says,  "  Oh,  the  pity  of  it  "  that  it  was  not  adopted 
years  ago. 

In  the  address  there  are  two  points  which  may  be 
referred  to  here.  One  of  these  is  that  action,  pull, 
or  whatever  you  like  to  term  it,  as  Prof.  Thompson 
puts  it,  involves  the  "square  of  the  flux.*'  He 
rather  challenged  anyone  to  explain  it  other  than  in 
the  way  he  proposed.  He  well  knows  that  we 
contend  that  this  *'  square  of  the  flux"  view  is  pure 
moonshine.  The  phenomenon  may  be  as  he  would 
describe  it,  but  his  explanation  is  no  more  satis- 
factory than  others  to  our  mmd.  He  pooh-poohed 
the  elastic  band  theory  or  elastic  line  of  force  theory, 
but  that  is  better  than  a  "  square  of  flux"  theory, 
though  both  may  be  so  translated  as  to  come  to  the 
same  thing.  Taking  the  very  useful  convention  of 
"  line  of  force,"  surely  we  may,  without  difficulty, 
assume  that  the  pull  of  any  line  of  force  is  inversely 
proportional  to  its  length — ^that  is,  the  pull  of  a  line 
of  force  from  the  same  source  acting  on  a  point  half 
the  distance  is  double  what  it  would  be  when  acting 
upon  a  point  at  the  whole  distance.  Again,  halving 
the  distance  generaUy  means  halving  the  resistance, 
and  the  impressed  force  generating  one  line  of  force 
at  the  whole  distance  or  the  whole  resistance  wiU 
generate  two  at  half  the  distance  or  half  the  resist- 
ance. Thus  we  get  two  lines,  each  acting  over  the 
half  distance  with  double  force,  the  total  action  or 
pull  being  four  times  the  original  pull.  To  our 
mind  the  physical  conception  of  double  number 
acting  with  double  force  at  half  distance  is  simpler 
than  any  abstract  conception  of  squaring  the  pull. 
Certainly  the  result  is  the  same,  and  it  gives  a  reason 
for  this  result,  which  the  "  square  of  the  flux"  does 
not.  The  difference  between  Prof.  Thompson  and 
ourselves  is  that  he  prefers  a  purely  abstract 
"formula"  of  which  no  physical  conception  is 
possible,  whUe  we  prefer  a  workable  physical  con- 
ception to  which  the  formula  can  be  applied.  A 
distinction  without  a  difference  we  hear  some  people 
say,  which  shows  their  ignorance. 

The  other  poiiit  to  which  we  would  refer  here  is 


the  introduction  of  another  new  term.  Prof. 
Thompson  would  introduce  the  compound  adjective, 
and  dub  electrical  engineers  electromagnetic  engi- 
neers. He  imphes  that  the  study  of  electricity  does 
not  include  the  study  of  magnetism,  and  that  the 
past-master  of  electrical  science  knows  nothing  about 
electromagnetism.  Now,  if  there  is  one  thing 
certaia,  it  is  that  electricity,  so  called,  and 
magnetism  are  not  distinct,  and  that  the  study  of 
the  one  necessarily  involves  the  study  of  the  other. 
You  cannot  by  any  possible  means  generate  elec- 
trical without  at  the  same  time  generating  magnetic 
phenomena.  The  attempt  to  introduce  a  new 
designation  is  uncalled  for,  and  founded  upon  ideas 
that  are  misleading. 


DBPTFORD. 

We  are  happy  to  be  able  to  announce  that  the 
lighting  from  the  Deptford  station,  stopped  by  the 
recent  fire  at  the  Grosvenor,  was  resumed  on 
Wednesday  last  on  all  the  circuits,  except  the  St. 
James's.  The  Piccadilly  and  the  Pall  Mall  circuits 
are  those  supplying  the  most  important  clubs  and 
public  buildings  to  the  extent  of  some  30,000  lamps. 
The  other  circuit  is  expected  to  be  working  to-day 
or  to-morrow,  and  the  whole  lighting  will  thus  be 
taken  on  again.  It  would  have  been  possible  and 
easy  to  resume  the  next  day  had  it  not  been  for  the 
unfortunate  destruction  or  damage  of  the  trans- 
formers. These  have  been  replaced  or  repaired,  the 
men  working  night  and  day,  and  a  fireproof  chamber 
ided,  a  thing  which  would;have  been  done  earlier 
there  been  granted  a  couple  of  days  or  even  one 
whole  day's  complete  cessation  of  lighting.  If  there 
seems  to  be  one  lesson  to  be  taken  to  heart  over  this 
occurrence,  it  is  that,  in  spite  of  the  objurgations  of 
the  consumers,  it  is,  and  must  be  definitely  con- 
sidered, fax  the  best,  even  from  the  point  of  view  of 
the .  consumers  themselves,  to  cease  work  for  a  day 
on  an  occasion  in  the  critical  point  of  the  history  of 
an  important  installation  such  as  this  was,  rather 
than  to  take  the  extreme  risk  of  what  might  prove  a 
week's  enforced  stoppage. 


proi 


THE   BOARD   OF   TRADE. 

Elsewhere  will  be  found  the  text  of  two  letters 
sent  under  the  combined  action  of  several  com- 
panies to  the  President  of  the  Board  of  Trade.  The 
contents  of  these  letters  are  fully  eicplanatory  of  the 
objects  sought  by  the  petitioners.  We  are  quite 
sure  the  advisers  of  the  Board  of  Trade  cannot  at 
the  present  time  draw  up  hard  and  fast  rules,  which, 
like  the  laws  of  the  "  Medes  and  Persians,"  are  un- 
alterable, but  they  will  be  compelled  to  keep  an 
open  mind,  to  hear  objections  from  members  of  the 
industry,  to  witness  experiments,  and  to  relax 
regulfttions  when  objectionable  and  unwarranted  by 
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the  facts  of  the  case.  In  our  opinion  the  Board  of 
Trade  occupies  the  position  of  an  unbiassed  party, 
whose  work  is  to  guard  against  the  general  safety  of 
the  public  being  tampered  with,  and  to  obviate,  as 
far  as  possible,  the  inconveniences  arising  to  the 
public  by  the  introduction  of  a  new  system  of  light- 
ing and  transmission  of  power.  If,  then,  the  regula- 
tions of  the  Board  of  Trade  are  such  as  not  only  to 
ensure  safety,  but  to  ensure  it  at  the  expense  of 
stopping  the  whole  business,  when  it  can  be  proved 
that  such  regulations  go  far  beyond  what  is  required, 
such  regulations  must  be  amended.  There  should 
be  little  or  no  dictation  of  what  is  safe,  expedient, 
or  convenient,  but  the  supervision  exercised  should 
be  such  as  to  permit  condemnation  of  that  which 
cannot  be  shown  or  proved  to  be  safe.  We  com- 
mend these  letters  to  our  readers,  and  trust  they 
will  receive  the  sanction  of  all  engaged  in  the 
industry. 


ELECTRIC  FOG  SIGNALLING. 

The  enormous  advantages  early  conferred  on 
railway  management  by  the  invention  of  the  electric 
telegraph  seem  altogether  to  lose  their  efficiency 
whenever  the  miserable  fog,  which  is  such  a  constant 
visitor  to  London,  makes  its  appearance.  Then  all 
arrangements  are  abrogated,  spare  men  are  sent  for 
in  hot  haste  and  are  posted  like  ghostly  sentries  by 
glowing  fires  along  the  route,  waving  flags,  and, 
almost  at  risk  of  life,  placing  detonators  on  the  rail 
which  explode  with  irritating  frequency  to  the  fright 
of  the  female  passengers,  making  the  scene  far  more 
like  a  skirmish  of  warfare  amidst  smoke  and  deafen- 
ing reports  than  scientific  suburban  traffic  in  the 
nineteenth  century ;  while,  if  to  ordinary  business 
men  the  unwonted  explosions  are  not  so  disquieting, 
yet  the  almost  inevitable  and  constant  stoppages  are 
most  annoying,  often  the  cause  of  missing  of 
important  engagements,  or  even  of  considerable 
monetary  loss.  It  is  evident  that  whichever  suburban 
line  could  assure  its  passengers  that,  fog  or  no  fog, 
trains  could  be  properly  signalled  and  would  not  be 
delayed,  this  line  would  be  at  a  great  advantage  over 
its  competitors.  But  aside  from  this  feeling  of 
rivalry,  the  enormous  expense  to  all  railways  at- 
tendant on  a  really  thick  fog,  the  delay  and  derange- 
ment, to  say  nothing  of  a  more  than  possible 
accident,  all  call  aloud  for  some  other  means  than 
the  present  semi-barbarous  method  of  scouts  and 
explosives.  We  are  not  aware,  although  the  demand 
has  been  before  railway  men  year  after  year,  that  elec- 
tricity has  ever  been  seriously  called  upon  to  tackle 
this  question,  that  of  plain  signalling,  even  in  the 
deepest  fog;  but  if  the  engine  driver  were 
absolutely  sure  of  his  signals,  and  the  signal 
man  were  also  sure  of  the  passing  of  the 
train,  there  is  no  reason  why  trains  should  not 
run  as  fut  and  as  surely  in  the  deepest  fog  as  they 


now  do  at  dead  of  night.  There  is  nothing  im- 
possible about  the  appUoation  of  electricity  to  such 
a  purpose,  and  the  method  invented  and  brought 
forward  by  Mr.  W.  Andrews  and  Mr.  Arthur  Guy, 
which  has  been  fitted  up  on  the  railway  beyond  Eing*s 
Cross,  is  worthy  of  the  very  serious  investigation  of 
the  railway  authorities.  By  means  of  a  metal  rail 
at  a  certain  distance  from  the  signals,  a  sliding 
contact  on  the  engine  completes  an  electric  circuit, 
and  a  miniature  semaphore  is  actuated  to  "  danger" 
or  "  line  clear"  up  or  down,  according  to  the  direc- 
tion of  the  current.  The  safety  of  the  system 
consists  in  the  fact  that  the  current  is  always  on, 
one  way  or  the  other,  the  direction  depending  on 
the  position  of  the  signals.  We  understand  that  the 
Board  of  Trade  have  inspected  the  invention,  and 
consider  it  the  best  that  has  yet  attempted  to  deal 
with  the  fog  difficulty,  and  have  gone  so  far  as 
strongly  to  advise  its  adoption  by  the  railway  com- 
panies. 


CORRESPONDENCE. 


BAEEOW-IN-FURNESS. 
To  THS  Editor  of  The  Elbctrical  Enoinser. 

Sir, — ^Your  issue  of  to-day  has  a  notice  to  the  effect  that 
the  Corporation  of  Barrow  have  invited  customers  for  the 
electric  light.  As  a  recipient  of  one  of  these  invitation 
circulars,  I  desire  to  ask  the  opinion  of  your  readers  about 
the  statements  therein,  it  having  occurred  to  me  that  there 
is  something  rather  misleading  about  the  costs.  Will  Bome- 
one  please  give  their  experience  of  public  lighting,  and  say  if 
these  extra  costs  are  also  incurred  at  other  places,  ana  if 
the  life  of  a  lamp  is  so  short.  Circular  herewith. — ^Yours, 
etc.,  Elbotric  Light. 

November  22,  1890. 

"  Town  Clerk's  Office,  Town  Hall, 

''Barrow-in-Furness,  Oct.  24,  1890. 

"Sir, — ^The  Corporation  have  again  under  their  con- 
sideration the  question  of  the  supply  within  the  borough  of 
the  electric  light  for  public  and  private  purposes. 

**  To  enable  them  to  form  a  conclusion  on  the  subject, 
they  desire  to  know  what  support  is  likely  to  be  received 
from  private  consumers  in  tne  event  of  the  Corporation 
deciding  either  to  supply  the  light  themselves,  or  to  sanction 
its  being  supplied  by  a  company. 

"With  this  object  you  are  requested  to  fill  up  the 
enclosed  form. 

"  It  is  estimated  that  the  price  to  be  charged  for  the 
electric  light  will  be  somewhat  in  excess  of  the  cost  of  gas 
for  the  same  amount  of  light  (one  16-candle  electric  lamp 
being  equal  to  one  ordinary  gas-burner).  The  exact  amount 
of  this  excess  cannot  be  stated  with  any  certainty,  but  it 
is  computed  to  be  from  20  to  100  per  cent,  according  to 
the  system  adopted  and  the  extent  to  which  the  light  is 
taken. 

"  Against  this  increased  cost  must  be  set  the  advanta^^ 
of  the  electric  light,  which  include  absence  of  heat^  punty 
of  atmosphere,  cleanliness,  and  the  avoidance  of  injury  to 
decorations,  furniture,  and  books,  etc. 

"  The  consumer  would  have  to  bear  (as  he  at  present 
does  as  regards  gas)  the  cost  of  the  connection  from  the 
main,  and  for  the  fittings,  which  cost  is  estimated  at  20s. 
to  25s.  per  lamp  according  to  the  number  of  lights  used. 

"  There  would  also  be  a  meter  rent  of  about  20s.  a  year 
for  every  Board  of  Trade  unit,  equal  to  17  lamps  of  16 
candles  each,  and  the  consumer  would  of  course  have  to 
renew  his  lamps  at  his  own  cost — the  average  life  of  a 
lamp  is  about  900  hours,  the  cost  of  lamps  varies  from  ds. 
to  is.  each. — By  order, 

"  0.  F.  Preston,  town  c^etk." 
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NOTES    ON    THE    CHEMISTBT    OF    SECONDART 
CELLS.* 


I. 

Id  onriMpOT  on  "The  Working  Bfflcleno;  of  Seoondar;  Ci 
read  &t  tha  meotinK  of  this  InititatioD  !□  Edinburgh  in  Jul;,  it 
WM  Hated  that,  °'In  «pit«  of  Hccumulaton  with  posted  plat« 
baviog  been  In  nao  now  for  nine  yearg,  the  chemical  action  that 
takes  plftce  dariiv  the  different  stuea  of  the  charge  and  di«charge 
baa  onlj'  been  conjectared, and,  oddaa it  aeema,  no deciaive  experi- 
ment appears  to  bare  been  made  to  settle  this  maoh -debated 
question.  Variona  Mudyees  bsTO  been  made  by  different  chemista 
of  salla  of  lead  acted  on  in  oertaln  waya  with  enlphnric  acid,  but 
apparently  not  of  actual  accnmnlator  plates  in  action.  We  ai 
tberefore  now,  with  the  aaaistance  of  Sfr.  Roberteos,  making  „ 
complete  investigation  of  the  chemical  state  of  the  pings  of  both 
the  positiTe  and  Decbtlve  platoe  at  all  stages  of  the  charges  and 
discharge  of  an  IS^  E.P.8.  type  of  aocuinnlator  in  good  con- 
riH-.inn  "   TK«i  mvaitnt  nami-  iv^ntaina  •!]  account  of  tnc  reaults 


The  o«U  eelected  to  remove  the  pings  from  had  the  aame  sIm  as 
the  eella  employed  in  the  inTeBtintloDa  deaoribed  in  the  previous 
oommnDlcation,  and  was  one  of  the  batch  of  SO  pnrohaaea  tor  the 
Central  Institntion  abont  the  middle  of  188S.  Since  it  first  came 
Into  oar  poaaeaalon  it  had  never  been  overchareed,  never  been  left 
diicba^^ed,  nor  permitted  to  send  more  than  t£a  maximum  current 
aUonea  by  the  makers  for  oella  of  thia  site — viz.,  10  amperes— and 
ooiuaqnently,  at  the  bwlnning  of  the  prcaent  invesUgBtion  in 
Jnne  of  thia  year,  this  om  mm  &  exoellenb  oonditiou. 


-kS  several  timea  ofaarged  with  a  onrreat  of  nine 
larged  with  a  current  of  10,  without  stopinng 
I  t^bring  it  Into  what  we  have  called  its  steady 
~  e  catted  curves.  Figs.  1  and  2,  show  the 


"  atate.     The  dotted  c 


Pa|>ar  road  bofore  the  Inatitntion  of  fileotrioal  Engineoia, 


Jnne  38th.     Daring  tbe 

--    JUS  curve,  Fig.  1,  pings 

were  removed  from  both  the  positive  and  the  negative  platea  at 
the  paints  marked  A,  B,  C,  and  D,  when  the  terminal  P.D.  of  the 
cell  was 2134,  21,  2-234,  and  2i  volts  respectively.  Id  order  to 
remove  the  plugs  from  the  positive  plates,  uieee  pUt«a  were  bodily 
removed  oat  of  the  liquid,  bat,  U>  prevent  oxidation,  the  negative 
plates  were  left  in  tbe  liquid,  and  tlie  plugs  removed  in  a  way  that 
will  be  described  Uter  on.  The  time  occupied  in  ramovioe  the 
plugs  from  the  two  sets  of  plates  occupied  about  16  to  20  muiutee 
on  each  occasion.     Immediately  after  the  removal  of  the  plugs  tha 

riitive  platea  were  put  back  in  position  in  the  cell,  the  resiatanoa 
the  circuit  rapidly  adjusted,  if  necessary,  to  make  the  cbaiving 
current  exactly  nine  amperes,  and  the  time  variation  of  Uie  P.D.  u 
the  terminals  of  the  cell  noted.  The  interval  that  elapeed  while 
the  current  was  broken  ia  not  shown  on  tbe  curve  ;  that  is  to  sayi 
the  P.D.  observed  immediately  aftor  replaclDK  the  positive  plates 
in  the  liquid  aod  closing  the  cirouit  is  plotted  directly  under  tiia 
P.D,  that  was  observed  just  before  tha  circuit  was  broken,  prior 
to  tbe  removal  of  the  positive  plates  from  the  liquid. 

We  were  afraid  that  the  bodily  withdrawal  of  the  positive  platea 
out  of  the  liquid,  combined  with  the  removal  of  the  pings,  on  tjia 
several  occasions,  would  produce  so  great  a  change  in  the  con- 
ditions of  the  cell  as  to  render  tbe  P.D.  curve  quite  aiscontinuous. 
It  was,  therefore,  as  interesting  as  it  was  unexpected  to  find  that 
the  terminal  P.D.,  on  restarting  the  normal  charging  onrrent  of 
nine  amperes,  rapidly  acquired  the  value  it  bad  More  the  with- 
drawal of  the  plates ;  ao  that,  with  the  exception  of  tbe  rapid  rise 
of  the  P.D.  on  restarting  tbe  charging  current,  tha  P.D.  oorvo 
obtained  on  June  29  was  almost  the  same  as  tha  P.D.  ourve 
obtained  on  charging  the  previous  day. 

After  the  cell  had lieen  charged  nntil  the  terminal  P.D.  reached 
2-4  volta,  it  waa  immediately  discharged  with  a  perfectly  oonatant 
current  of  10  amperes,  and,  as  it  was  antioipated  that  the  removal 
of  the  plugs  would  spoil  the  cell,  it  was  allowed  to  discharge  tar 
below  the  normal  limit.  In  previous  discharges  (the  last  one  of 
which  is  shown  by  the  dotted  line.  Fig.  2),  the  discharge  waa 
stopped  when  the  terminal  P.D.  tell  to  IBS  volts.  But  in  Uie 
discharge  on  June  30,  when  the  pings  were  removed  the  discharge 
current  was  kept  at  10  amperea,  by  using  auxiliary  cells,  until  the 
E.M.F.  of  the  test  cell  fell  to  nought,  and  even  raversed.  Pings 
were  removed  from  both  the  positive  and  the  negative  plates  wbeo 
the   terminal   P.D.   was  2,   1^,   1-35,  0-6,  and  nought  volte,  as 


n.— MxTHOD  or  Obuikiko  Samflm  or  thi  Plugs. 
On  the  first  removal  of  plugs  corresponding  with  the  point  A, 
Fig.  1,  a  curved  pointed  glass  rod  was  naed,  a«  shown  in  Fig.  3, 
wiui  the  idea  of  priaing  out  the  plugs,  but  by  thia  method  only 
the  surface  of  the  positive  plugs  oould  be  removed,  as  they  were 
much  too  hard  to  be  loosened  in  this  way.  Indeed,  one  of  the 
most  striking  things  noticed  in  this  investigatioo  waa  tbe  firm 
way  in  which  the  plugs  were  held  in  the  platea  of  an  E.P.S.  cell 
that  had  been  carefully  used  for  two  years.  Before  the  next 
attempt  was  made  to  remove  plugs  corresponding  with  the  point 
B,  Fig.  1,  a  straight  piece  of  glass  rod  was  point^,  and  mounted 
in  a  wooden  handle.  Thia  glass  chisel  was  used  to  pierce  and 
loosen  the  positive  plugs,  which  were  then  driven  bodily  out  of 
the  grid  by  means  ol  a  haid  wooden  punch  cut  square  to  fit  tha 
holes  In  the  grid,  and  whid)  was  tapped  with  a  small  mallet.  The 
plugs  on  being  driven  out  of  tbe  acid  were  caught  in  a  long 
wooden  scoop  {shaped  eo  tiiab  it  could  be  just  slipped  in  between 
the  plates),  and  then  washed  by  Mr.  Robertson  into  wide-mouthed 
bottlea  containing  .WO  or  400  c.c  of  distiUed  water.  As  soon  aa 
the  water  cleared  it  waa  deoanted  off  and  freab  added. 


Fio.  3. 


Via.  4. 


As  several  glass  chisels  were  broken,  and  tbe  wooden  punches 
rom  down  in  the  removal  of  the  plugs,  the  method  had  the  disad- 
vantage of  rolling  with  the  specimens  to  be  analysed  aplinten  of 
■lasa  and  wood,  which  were  found  difficult  to  remove  afterwarda 
>n  tha  other  hand,  the  method  had  the  advantage  of  enabling 
specimena  of  the  positive  plugs  to  be  removed  in  a  comparatively 
short  time  on  each  oocailon  from  the  top,  the  middle,  and  the 
bottom  of  the  plat«8. 

As  the  n^^tive  plat«e  were  never  removed  from  the  acid,  the 
only  way  to  remove  the  plugs  was  bv  working  them  loose  under 
tbe  liquid  by  means  of  long  curved  glaaa  rods  pointad  at  the  end, 
aud  by  catching  the  plugs  in  a  narrow  wooden  scoop  with  a  long 
handle,  as  shown  in  Fig.  4.  It  was  possible  (o  use  this  method 
throughout  for  the  removal  of  the  negative  plugs,  as  they  were 
softer  and  more  eaaily  removable  than  the  positive  ones,  The 
tcoop  held  sufficient  liquid  to  enable  the  negative  plugs  to  ba 
dropped  into  wide-necked  bottlea  containing  water  wiAoat  the 
plugs  being  even  momentarily  exposed  to  the  air.  Tbe  water  in 
theee  bottlea  Mr.  Robertson  hod  washed  free  from  dissolved 
oxygen  by  previously  bubbling  hydrogen  through  it  for  a  con- 
aiderabte  time.  Aftar  the  n«rative  plugs  had  been  put  into  the 
bottles  the  water  waa  grsdoally  decanted  off  from  tune  to  time, 
ai>d  frsah  added  until  the  liquid  in  tbe  battle  was  quite  free  from 

Both  lo  tbe  om«  of  tbe  positives  and  tha  neg^ves  the  top 
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WMBplaB  were  removed  from  Uie  oomer  of  the  plates  neerert  the 
lag,  and  the  bottom  samples  from  the  oomer  diametrically  oppo- 
site, so  as  to  obtain  evidence,  if  possible,  of  any  diflferenoe  of 
oorrent  density  which  might  exist  at  different  parte  of  the  plates 
in  charging  and  discharging. 

The  plugs  from  the  top,  the  middle,  and  the  bottom  of  each  set  of 
plates  were  at  each  of  tne  removals  of  plugs  put  into  six  separate 
Dottles,  and,  to  avoid  the  possibilitv  of  error  in  their  subsequent 
identification,  there  was  noted  on  the  label  of  each  the  ohai«oter 
of  the  plates,  and  the  position  on  them  from  which  the  plugs  were 
removed,  Uie  time,  the  P.D.,  and  the  specific  gravity  of  the  liquid 
in  theocdL 

nL— ^Atfxarangb  of  Platu  at  RncovALS  of  Plugs. 

The  following  notes  were  made  by  Mr.  Robertson  and  ourselves 
at  the  successive  removals  of  the  plugs : 

Chaboino. 

POSITXVB  PLATn.  NlOATZVX  PLATBS. 

PokU  A  on  Owrv€  L    Terminal  P.D.,  2'1S4  voUs,    Specific  QravUy 

of  Liquid,  V178. 


The  plugs  at  the  top  were 
the  softest. 


The  upper  part  of  the  plates 
had  a  greyish-brown  colour,  and 
presented  the  appearance  of 
Doing  coated  with  a  very  thi& 
film  of  white  sulphate.  The 
lower  part  of  the  platesjwas  of  a 
reddisn-brown  colour. 

The  plugs  at  the  top  were 
hard,  while  those  at  the  oottom 
were  quite  soft. 

Point  B  on  Ourve  1.    TermintU P.D.,  M'tvoUs.    Specilk  OrmriiM  of 

Uj^  V198. 
The  plates  had  entirely  UMit       The  plugs  both  at  the  top  and 


their  whitish  appearance,  and 
showed  a  uniform  reddish-brown 
oolour,  darker  than  che  previous 
colour  of  the  bottom  of  the 
platos- 


at  the  boUom  harder  thui  be- 
fore, those  at  the  top  having 
hardened  more  than  those  at  the 
bottom. 


FiOb  5. 


Fio.  6. 

Point  O  on  Curve  1.     Terminal  P.D.,  B'MS4  volU.    Specific  Gravity 

of  Liquid,  IgOl. 


The  previous  charges  increased 
in  amount. 


The    previous    charges 
creased  m  amount. 


m- 


Point  D  on  Curve  1.    Terminal  P,D,,  2*4  voUe,    Specific  Gravity 

of  Liquid,  J '206, 


The  plugs  had  a  brilliant 
metallic  lustre,  and  looked  quite 
silverv  when  first  removed  from 
the  plates.  The  plucrs  at  the 
top  were  now  the  hardest. 


The  plates  had  the  rich  deep 
brown  oolour  of  lead  peroxide, 
except  where  they  were  covered 
with  the  ebonite  separators. 
There  the  colour  was  lighter. 

The  plugs  at  the  top  were 
slightly  the  softest,  while  those 
at  the  bottom  were  much  the 
same  as  at  the  beginning. 

DUOHABOIKO. 

PosinvB  PLAnw.  Kmativx  Platbs. 

PohU  A*  on  Curve  2,     Terminal  P.D.,  1'998  voUe,    Specific  Gravity 

of  Liquid,  1-206. 


The  plugs  at   the  top  were 
hatder  than  those  at  the  bottom. 


Point  C  on  Curve  2. 


The  plugs  had  the  brilliant 
metallic  lustre  observed  at  the 
end  of  the  ohazging. 

P.D.,1  '860  voUe.    Specific  Gravity 
qf  Liquid,  l'J80. 


Tlie  plugs  had  become  muoh 
harder. 


The  plates  had  beoome  de- 
cidedly white,  and  the   plugs 
white  right  through. 


PokU  jy  on  Oierve  2.    Tmnmnal  P.D.,  OS  esft.    Speoific  QrwriHy 

of  Liquid,  V176. 


The 
softer. 


plugs   were    somewhat 


The  plugs  had  beoome  ex- 
tremely hard,  especially  at  the 
bottom. 

Point  Sf  on  Curve  2.     Terminal  P.D,,  0  voU.    Specific  Gravity  of 

Liquid,  V172. 

The   plugs    had   beoome 


so 


hard  that  they  splintered  and 
bits  flew  about  on  trying  to 
remove  them. 

The  bubbling  of  gas  from  the  negative  plates  ceased  when  the 
terminal  P.D.  on  discharging  fell  to  1-85  volts  (point  C  on 
curve  2),  and  it  began  again  when  the  terminal  P.D.  lell  to  some- 
where below  zero. 

The  preceding  figures  (5  and  6)  give  an  idea  of  the  way  in 
which  we  found  the  hardness  of  the  top  and  bottom  plugs  of  the 
positive  and  the  negative  plates  respectively  to  vary  during  a 
normal  charge.  The  figures  are  not  drawn  to  scale,  as  we  nad 
no  standard  of  hardness  bevond  our  sensations,  hence  the  figures 
only  profess  to  be  qualitative  sketches  from  which  mental 
pictures  can  bo  obtained.  Distance  measured  apways  from  O  A 
indicates  roughlv  the  degree  of  hardness  ;  distance  measured 
downwards,  the  degree  of  softness. 

(To  he  continued). 


THE  ELECTROMAGNET.* 

BY    niOF.   SILVANUS  P.   TH0MF80K,   D.SC.,   B.A.,  M.I.B.B. 

Lbotxtrb  n. 

{Continued  from  page  468,) 

The  results  of  Prof.  Ewing's  are  further  represented  by  the 
curves  of  magnetism  drawn  in  Fig.  48.  When  the  faces  of  a  cut 
were  carefully  surfaoed  up  to  true  planes,  the  disadvantageous 


15000 


lOOOO- 


6000 


Fio.  48.  -Ewing's  Curves  for  Effect  of  Joints. 

effect  of  the  cut  was  reduced  considerably,  and  under  the  applica- 
tion of  a  heavy  external  pressure,  almost  vanished. 

I  have  several  times  referred  to  experimental  results  obtained  in 
past  years,  principally  by  Qerman  and  French  workers,  buried  in 
obscurity  in  the  paees  of  foreign  scientific  journals.  Too  often, 
indeed,  the  scattered  papers  of  the  German  physicists  are  rendered 
worthless  or  unintelligible  by  reason  of  the  omission  of  some  of  the 
data  of  the  experiments.  They  give  no  measurements,  perhaps, 
of  their  currents,  or  they  used  an  uucalibrated  f^lvanometer,  or 
they  do  not  ray  how  many  windings  they  were  using  in  their  coils; 
or  perhaps  they  give  their  results  in  some  obsolete  phraseology. 
They  are  extremelv  addicted  to  informing  you  about  the  *'  mag- 
netic moments  "  of  their  magnets.  Now,  the  magnetic  moment  of 
an  electromagnet  is  the  one  thing  that  one  never  wants  to  know. 
Indeed  the  magnetic  moment  of  a  magnet  of  any  kind  is  a  useless 
piece  of  information,  except  in  the  case  of  bar  manetB  of  hard 
steel  that  are  to  be  used  m  the  determination  of  uie  horixontal 
component  of  the  earth's  magnetic  force.  What  one  does  want 
to  know  about  an  electromagnet  is  the  number  of  magnetic  lines 
flowing  through  its  circuit,  and  this  the  older  researches  rarely 
afford  the  means  of  ascertaining.  Nevertheless,  there  are  some 
investigations  worthv  of  studv  to  which  time  will  now  only  permit 
me  very  briefly  to  allude.  Tnese  are  the  researches  of  Dub  on  the 
effect  of  thickness  of  armatures,  and  those  of  Nicklte  and  of  Du 
Monoel  on  the  lengths  of  armatures.  Also  those  of  Nioklte  on  the 
offset  of  width  between  the  two  limbs  of  the  honeshoe  deotro- 
magnetb 

lean  only  now  describe  some  experiments  of  Von  Feilitadi  upon 

*  Cantor  leotans,  dattvtred  beforo  the  Society  of  Arts. 
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1.  Armature 


2.  The  gaps 


3.  Magnet  core 


For  centimetre 
measure. 


For  inch  measure. 


1 


IX-  X  0-3132 

2-^«-  X  0-3132 
A  s 

r, 


^%th 


L  X  0-3132 


To   Caxxsulate  thx    Ampkbe-tubkb  or    Maonktisino    Powbb 

REQUISITE    TO    TOBCJB    THE    DbSIRED    MaONETIG  FlUX  THROUGH 
THE  ReLUCTAKOES  OF  THE  MaOKETIO  GiRCUIT. 

(a)  ^fDinunnona  art  given  in  Centimetres  the  rule  is 

Ampere-turns s the  magnetic  flux,  multiplied  by  the  magnetic 
reluctance  of  the  circuit,  divided  by  <^  of  r  ( =  1  "2566), 

Or,  in  detail,  the  three   separate  amounts   of   ampere-turns 
reauired  for  three  principal  magnetic  reluctances  are  explained  as 
follows : 
Ampere-tums  required  to  drive  N  lines  \  _i^  j^      h     j^  ^  *" 

through  iron  of  armature   /  Ai/ai  ~  10* 

Ampere- turns  required  to  drive  N  lines 't  -_Mx?_i-^t_? 
through  the  two  gaps  /  a,  '   10* 

Ampere-turns  required  to  drive  v  N  linesl  _    bj  ^^  ^_  _^4  r 

through  the  iron  of  magnet  core  /  ^fH  ^  10  * 

And,  adding  up 

Total  ampere-turns  required    ...=  i?.N|-A-.».?-i.|- J^j. 

4  T     I  AiMi       A,      A,  Ai,' 

(i)  ff  DimensUma  cure  given  in  hUhea^  the  rule  is :  Ampere- 
turns  s  magnetic  flux  multiplied  by  the  magnetic  reluctance  of  the 
circuit.    Or,  in  detail : 

Ampere-turns  required  to  drive  N  lines  \  ^f^^    ^i    x0'3132 
through  iron  of  armature /  A^/ii  * 

Ampere-turns  required  to  drive  N  lines\_m^  2l'\  ^0.3139^ 
through  two  gaps    /  a"s  ' 

Ampere-turns  required  to  drive  v  N  lines  1  _«  w  ^      ^"t     ^  0*3132 
through  iron  core  of  magnet /  ^"tH 

And,  adding  up : 

Total  ampere-turns  required =0-3132  N  -p-  -f  ^^  +  ^J^  \ . 

AiMi      A  ,      A  ,/«,-' 

It  will  be  noted  that  here  v,  the  coefficient  of  allowance  for 
leakage,  has  been  introduced.  This  has  to  be  calculated  as  shown 
later.  In  the  meantime,  it  may  be  pointed  out  that,  in  designing 
electromagnets  for  any  case  where  v  is  approximately  known 
befor^ana,  the  calculation  may  be  simplified  by  taking  the  sec- 
tional area  of  the  magnet  core  greater  than  that  of  the  armature 
in  the  same  proportion.  For  example,  if  it  were  known  that  the 
waste  lines  tnat  leak  were  ^oine  to  be  equal  in  number  to  those 
that  are  usefully  employed  m  the  armature  (here  v=2),  the  iron 
of  the  cross  might  be  made  of  double  the  section  of  that  of  the 
armature.    In  this  case  /u,  will  approximately  equal  mi- 

To  Calculate  the  CoEmcisKT  of  Allowance  for  Leakage,  v, 

V*  total  magnetic  flux  generated  in  magnet  core -r  useful  mag- 
netic flux  through  armature.  The  respective  useful  and  waste 
magnetic  fluxes  are  proportional  to  the  permeances  along  their 
respective  paths.  Permeance,  or  magnetic  conductance,  is  the 
reciprocal  of  the  reluctance,  or  magnetic  resistance.  Call  useful 
permeance  through  armature  and  gaps  «,  and  the  waste  permeance 
m  the  stray  field  10 ;  then 

v= , 

u 

to  may  be  estimated  bv  the  Table  VIII.  given  above,  or  other 
leakage  rules,  but  should  be  divided  by  two,  as  the  average  differ- 
ence of  magnetic  potential  over  the  leakage  surface  is  only  about 
half  that  at  the  ends  of  the  poles. 

Rules  for  Estxmatino  Maonbtio  Leakage. 
(I.  to  m.  Adapted  from  Prof.  Forbes's  rules.) 
Prop.  L       Permeance   between  tioo   paraUel  areas  facing  one 
another, — Let  areas  be  A|''  and  A,''  square  inches,  and  distance 
apart  d"  inches,  then  : 

Permeance  ==3'193xi  (A"ix  A',) -i-d". 

Prop,  IL  Permeance  between  two  equal  adjacent  rectangular  areae 
lying  %n  one  jT^ans.— Assumine  lines  of  flow  to  be  semicircles,  and 
that  distances  cT'i  and  d''|  oetween  their  nearest  and  furthest 
edges  respectively  are  given,  abo  a  their  width  along  the  parallel 

edge : 

d," 
Permeance =2*274  x  a"  x  logiojir* 

Prop,  III.  Permea/nce  between  two  equal  parallel  rectangular  cureae 
lying  tn  one  plane  at  some  distance  apart. — Assume  lines  of  leakage 
to  be  quadrants  joined  by  straight  lines. 

Permeance=2-274  x  a"  x  logio  J  1  -f  ![^j^j£})  I . 

Prop.  IV.  Permeance  between  two  equal  areas  at  right  angles  to 
one  another, — Permeance  (if  air  angle  is  90deg.)= double  the 
respective  value  calculated  by  U.  or  Ul. 

Fermeanoe  (if  angle  is  270aeg.)=l|  times  the  respective  value 
oalonlated  by  U. 


If  measures  are  given  in  centimetres  these  rules  beeome  the 
following : 

L  i{Ai-^A^)^d; 

IL    «l0g,^; 


m.£,o,.  (i.^i%:*>). 


Prop.  V,  Permeance  between  two  parallel  cylinders  of  n 
length. — ^The  formula  for  the  reluctance  is  given  above  ;  the 
permeance  is  the  reciprocal  of  it.  Calculations  are  simplified  by 
t  eference  to  Table  VUI. 


LECTURE  IIL— SPEGL4L  Dbsioks. 

In  continuation  of  my  lecture  of  last  week,  I  have  to  make  a  few 
remarks  before  entering  upon  the  consideratim  of  special  forms  of 
magnets,  which  was  to  form  the  entire  topic  of  to-night's  lecture. 
I  have  not  quite  finished  the  experimentiBd  results  which  related 
to  the  performance  of  magnets  under  various  conditions.  I  had 
already  pointed  out  that  where  you  require  a  magnet  simphr  for 
holding  on  to  its  armature,  common-sense  (in  the  form  of  our 
simplest  formula)  dictated  that  the  circuit  of  iron  should  be  as 
short  as  was  compatible  with  getting  the  required  amount  of 
winding  upon  it.  That  at  once  orings  us  to  the  question  of  the 
difference  in  the  performance  of  long  magnets  and  short  ones. 
Last  week  we  treated  that  topic  as  far  as  this,  that  if  you  require 
your  magnet  to  attract  over  any  range  across  an  air  space,  yon 
required  a  sufficient  amount  of  exciting  power  in  the  circulation  of 
electric  current  to  force  the  magnetic  lines  across  that  resistance, 
and  therefore  you  required  length  of  core  in  order  to  get  the 
required  coil  wound  upon  the  magnetic  circuit.  But  there  is  one 
other  way  in  which  the  difference  of  behaviour  between  long  and 
short  magnets— I  am  speaking  of  horseshoe  shapes— comes  into 
play.  So  far  back  as  1840,  Ritchie  found  that  it  was  more  difficult 
to  magnetise  steel  magnets  (using  for  that  purpose  eleotromagneis 
to  stroke  them  with)  if  those  efectromagnets  were  short  than  if 
they  were  long.  He  was,  of  course,  comparing  magnets  which 
had  the  same  tractive  power,  that  is  to  say,  presumably  had  the 
same  section  of  iron  magnetised  up  to  the  same  degree  of  magnet- 
isation. This  difference  between  long  and  short  cores  is  obvionaly 
to  be  explained  on  the  same  principle  as  the  greater  projecting 
power  01  the  long-legged  magnets.  In  order  to  force  magnetism 
not  only  through  an  iron  arch  but  through  whatever  is  beyond, 
which  has  a  lesser  permeability  for  magnetism,  whether  it  be  an 
air  gap  or  an  arch  of  hard  steel  destined  to  retain  some  of  its 
magnetism,  you  require  magneto-motive  force  enough  to  drive  the 
magnetism  through  that  resisting  medium ;  and,  therefore,  you 
must  have  turns  of  wire ;  that  implies  that  you  must  have  leng^ 
of  leg  on  which  to  wind  those  turns.  Ritchie  also  found  that  the 
amount  of  magnetism  remaining  behind  in  the  soft  iron  arch,  after 
turning  off  the  current,  at  the  first  removal  of  the  armature,  was  a 
little  greater  with  long  than  with  short  magnets  ;  and,  indeed,  it 
is  what  we  should  expect  now,  knowing  tbe  properties  of  iron, 
that  long  pieces,  however  soft,  retains  a  little  more— have  a  little 
more  memory,  as  it  were,  of  having  been  magnetised — than  short 
pieces.  Later  on  I  shall  have  specially  to  draw  your  attention  to 
the  behaviour  of  short  pieces  of  iron  which  have  no  magnetic 
memory. 

WiNDINO  OF  THE  COPPEB. 

I  now  take  up  the  question  of  winding  the  copper  wire  upon 
the  electromagnet.  How  are  we  to  determine  beforehand  the 
amount  of  wire  required,  and  the  proper  fr&uge  of  wire  to  employ? 

The  first  stage  of  such  a  determination  is  siready  aocompliuied  ; 
we  are  already  in  possession  of  the  formulsB  for  reckoning  out  the 
number  of  ampere-turns  of  excitation  required  in  any  given  case. 
It  remains  to  show  how  from  this  to  calculate  the  amount  of 
bobbin  space,  and  the  quantity  of  wire  to  fill  it.  Bear  in  mind 
that  a  current  of  10  amperes  (t.e.,  ss  strong  as  that  used  for  a  big 
arc  light)  flowing  once  around  the  iron,  produces  exactly  the  same 
effect  magnetically  as  a  current  of  one  ampere  flowing  around  10 
times,  or  as  a  current  of  only  one-hundredth  part  of  an  ampere 
flowing  around  a  thousand  times.  In  telegraphic  work  the 
currents  ordinarily  used  in  the  lines  are  quite  small,  usually  from 
five  to  twenty  thousandths  of  an  ampere  ;  hence  in  such  oases  the 
wire  that  is  wound  on  need  only  be  a  thin  one,  but  it  must  have  a 
great  many  turns.  Because  it  is  thin  and  has  a  great  many  turns, 
and  is  consec^uently  a  long  wire,  it  will  offer  a  considerable  resist- 
ance. That  IS  no  advantage,  but  does  not  necessarily  imply  any 
greater  waste  of  energy  than  if  a  thicker  coil  of  fewer  turns  were 
used  with  a  correspondingly  larger  current.  Consider  a  very 
simple  case.  Suppose  a  bobbin  is  already  filled  with  a  certain 
number  of  turbs  of  wire,  say  100,  of  a  size  lai^  enough  to  carry 
one  ampere,  without  over-heating.  It  will  offer  a  certain  resist- 
ance, it  will  waste  a  certain  amount  of  the  energy  of  the  current, 
and  it  will  have  a  certain  magnetising  power.  Now  suppose  this 
bobbin  to  be  rewound  with  a  wire  of  half  the  diameter ;  what  will 
the  result  be  ?  If  the  wire  is  half  the  diameter  it  will  have  one 
quarter  the  sectional  area,  and  the  bobbin  will  hold  four  times  as 
many  turns  (assuming  insulating  materials  to  occupy  the  ssuue 
percentage  of  the  available  volume).  The  current  which  such  a 
wire  wilT  carry  will  be  one-fourth  as  great.  The  coil  will  oflRw 
sixteen  times  as  much  resistance,  being  four  times  as  long  and  ol 
one-fourth  the  cross-section  as  the  oUier  wire.  But  the  waste  of 
energy  will  be  the  same,  being  proportional  to  the  reeistssoe 
and  to  the  square  of  the  current ;  for  16  x  ^  «=  1.  Conee- 
quently  the  heating  effect  will  be  the  same.  Also  the  msgnet- 
ising  power  will  be  the  same,  for  though  the  current  is  only 
one-quarter   of  an   ampere,   it   flows   around   400   t^ms ;  tb^ 
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ampere-toTDB  are  100,  the  same  as  before.  The  same  argument 
would  hold  good  with  any  other  numerical  instance  that  might 
be  given.  It  therefore  does  not  matter  in  the  least  to  the  masrnetic 
bel^viour  of  the  electromagnet  whether  it  is  wound  with  thick 
wire  or  thin  wire,  provided  the  thickness  of  the  wire  corresponds 
to  the  current  it  has  to  carry,  so  that  the  same  number  of  watts  of 
power  are  spent  in  heating  it.  For  a  coil  wound  on  a  bobbin  of 
given  volume  the  magnetising  power  is  the  same  for  the  same  heat 
waste.  But  the  heat  waste  increases  in  a  greater  ratio  than  the 
magnetisiog  power,  if  the  current  in  a  siven  coil  is  increased,  for 
the  heat  is  proportional  to  the  square  of  the  current,  and  the  mag- 
netising power  is  simply  proportional  to  the  current.  Hence,  it  is 
the  beating  effect  which  in  reality  determines  the  winding  of  the 
wire.  We  must — assuming  that  the  current  will  have  a  cert<ain 
strength— nallow  enough  volume  to  admit  of  our  getting  the  requi- 
site number  of  ampere-turns  without  overheating.  A  good  way 
is  to  assume  a  current  of  one  ampere  while  one  calculates  the  coil. 
Having  done  this,  the  same  volume  holds  good  for  any  other  gauge 
of  wire  appropriate  to  any  other  current.  The  terms  *'  long-coil" 
magnet  and  '*  short-coil "  magnet  are  appropriate  for  those  electro- 
magnets which  have  respectively  many  turns  of  thin  wire  and  few 
turns  of  thick  wire.  These  terms  are  preferable  to  "  high -resist- 
ance "  and  '*  low-resistance,"  sometimes  used  to  designate  the  two 
classes  of  windings,  because,  as  I  have  just  shown,  tne  resistance 
of  a  coil  bas  in  itself  nothing  to  do  with  its  magnetising  power. 
Given  the  volume  occupied  by  the  copper,  then  for  any  current 
density  (say,  for  example,  a  current  density  of  2,000  amperes  per 
square  inch  of  cross-section  of  the  copper),  the  ma4^etising  power 
of  the  coil  will  be  the  same  for  all  different  gauges  of  wire. 
The  specific  conductivity  of  the  copper  itself  is  of  importanbe,  for 
the  better  the  conductivity  the  less  the  heat  waste  per  cubic  inch 
of  winding.  High-conductivity  copper  is,  therefore,  to  be  preferred 
in  every  case. 

Now,  the  heat  which  is  thus  generated  by  the  current  of  electri- 
city raises  the  temperature  of  the  coil  (and  of*  the  core),  and  it 
b^ins  to  emit  heat  from  its  surface.  It  may  be  taken  as  a  suffi- 
cient approximation  that  a  single  square  inch  of  surface,  warmed 
Ideg.  F.  above  the  surrounding  air,  will  steadily  emit  heat  at  the 
rate  of  ^^  of  a  watt ;  or,  if  there  is  provided  only  enough  surface 
to  allow  ot  a  steady  emission  of  heat  at  the  rate  of  one  watt  *  per 
square  inch  of  surface,  i^he  temperature  of  that  surface  will  rise  to 
about  225deg.  F.  above  the  temperature  of  the  surrounding  air. 
This  number  is  determined  by  the  average  emissivity  of  such  sub- 
stances as  cotton,  silk,  varnish,  and  other  materials  of  which  the 
surfaces  of  coils  are  usually  composed. 

In  the  specifications  for  dynamo  machines  it  is  usual  to  lay  down 
a  condition  that  the  coils  shall  not  heat  more  than  a  certain  number 
of  degrees  warmer  than  the  air.  With  electromagnets  it  is  a  safe 
rule  to  say  that  no  electromagnet  ought  ever  to  heat  up  to  a  tem- 
perature more  than  lOOdeg.  F.  above  the  surrounding  air.  In 
many  cases  it  is  quite  safe  to  exceed  this  limit. 

The  resistance  of  the  insulated  copper  wire  on  a  bobbin  may  be 
approximately  calculated  by  the  following  rule.  If  (i  is  the  diameter 
of  the  naked  wire  (in  mils),  and  D  is  the  diameter  (in  mils)  of  the 
wire  when  covered,  then  the  resistance  per  cubic  inch  of  the  coil 
will  be— 

Ohms  per  cubic  inch  ■«  ^r '  ^V. 

We  are,  therefore,  able  to  construct  a  wire-gauge  and  amperage 
table  which  will  enable  us  to  calculate  readily  the  d^ree  to  which 
a  given  coil  will  warm  when  traversed  by  a  given  current,  or,  con- 
versely, what  volume  of  coil  will  be  needed  to  provide  the  requisite 
circulation  of  current  without  warming  beyond  any  prescribed 
excess. 

Accordingly,  I  here  give  a  Wire-Oauge  and  Amperage  Table, 
which  we  have  been  using  for  some  time  at  the  Finsbury  Technical 
College.  It  was  calculated  out  under  my  instructions  by  one  of 
the  demonstrators  of  the  college,  Mr.  Eustace  Thomas,  to  whom  I 
am  indebted  for  the  gpreat  care  bestowed  upon  the  calculations. 

For  manv  purposes — such  as  for  use  in  tolegraphs  and  electric 
bells— smaller  wires  than  any  of  those  mentioned  in  the  table  are 
required.  The  table  is,  in  fact,  intended  for  use  in  calculating 
nu^ete  in  larger  engineefing  work. 

A  rough  and  ready  rule  sometimes  given  for  the  size  of  wire  is 
to  allow  iVvv  square  inch  per  ampere.  This  is  an  absurd  rule, 
however,  as  the  figures  in  the  table  show.  Under  the  heading 
1,000  amperes  to  square  inch,  it  appears  that  if  a  No.  18  S.  W.G. 
wire  is  uwd,  it  will  at  that  rato  carry  1*81  amperes ;  that  if  there 
is  only  one  layer  of  wire  it  will  only  warm  up  to  4*64deg.  F.,  con- 
sequently one  might  wind  layer  aftor  layer  to  a  depth  of  3 'Sin. 
without  getting  up  to  the  limit  of  allowing  one  square  inch  per 
watt  for  the  emisston  of  heat.  In  very  few  cases  does  one  want  to 
wind  a  coil  so  thick  as  3'3in.  For  very  few  electromagnets  is  it 
needful  that  the  layer  of  coil  should  exceed  ^in.  in  thickness ;  and 
if  the  layer  is  going  to  be  only  ^in.  thick,  or  about  one-seventh  of 

the  3*3,  one  may  use  a  current  density  v?  times  as  great  as  1,000 
amperes   per  square  inch  without  exceeding  the  limit  of  safe 

*  The  wait  is  the  unit  of  rato  of  expenditure  of  energy,  and  is 
equal  to  10,000,000  ergs  per  second,  or  to  ri^th  of  a  horse-power. 
A  current  of  one  ampere,  flowing  through  a  resistance  of  one  ohm, 
spends  energy  in  heating  at  the  rato  of  one  watt.  One  watt  is 
equivalent  to  4*2  calories  per  second  of  heat— that  is  to  say,  the 
heat  developed  in  one  second,  by  expenditure  of  energy  at  the  rato 
of  one  watt,  would  suffice  to  warm  one  gramme  of  wator  through 
4'2de^.  C.  As  252  calories  are  equal  to  one  British  (lb.  F.)  unit  of 
beat.  It  follows  that  heat  emitted  at  the  rato  of  one  watt  would 
suffice  to  warm  H^lb.  of  wator  Ideg.  F.  in  one  minuto;  or,  one 
British  unit  of  heat  equals  1,058  watt-aeoonds. 


working.  Indeed,  with  coils  only  ^in.  thick,  one  mav  safely 
employ  a  current  density  of  3,000  amperes  per  square  inch,  owing 
to  the  assistance  which  the  core  gives  for  the  dissipation  and  emis- 
sion of  heat. 

Suppose,  then,  we  have  designed  a  horseshoe  magnet  with  a  core 
lin.  in  diametor,  and  that  aftor  considering  the  work  it  has  to  do, 
it  is  found  that  a  magnetisine  power  of  2,400  turns  is  rec^uired ; 
suppose,  also,  that  it  is  laid  down  as  a  condition  that  the  coil  must 
not  warm  up  more  than  50deg.  F.  above  the  surrounding  air — 
what  volume  of  coil  will  be  required.  Assume  first  that  the  current 
will  be  one  ampere  ;  then  there  will  have  to  be  2,400  turns  of  a 
wire  which  will  carry  one  ampere.  If  we  took  a  No.  20  S.W.G. 
wire  and  wound  it  to  a  depth  of  ^in.,  that  would  ^ve  220  turns 
per  inch  length  of  coil;  so  that  a  coil  11  in.  long  ana  a  little  over 
iin.  deep  (or  10  layers  deep)  would  give  2,400  turns.  Now  Table  X« 
shows  that  if  this  wire  were  to  carry  1*018  ampere,  it  would  heat 
up  225deg.  F.  if  wound  to  a  depth  of  3*9in.  If  wound  to  Jin.,  it 
would  therefore  heat  up  about  30deg.  F.,  and  with  only  one 
ampere  would,  of  course,  heat  less.  This  is  too  good ;  try  the 
next  thinner  wire.  No.  22  S.W.G.  wire  at  2,000  amperes  to  square 
inch  will  carry  1  '23  amperes,  and  heats  225deg.  if  wound  up  to 
l'13in.  If  it  is  only  to  heat  50deg.  it  must  not  be  wound  more 
than  ^in.  deep ;  but  if  it  only  carries  current  of  one  ampere  it  may 
be  wound  a  little  deeper,  say,  to  14  layers.  There  will  then  be 
wanted  a  coil  about  7in.  long  to  hold  the  2,4(X)  turns.  The  wire 
will  occupy  about  3*85  square  inches  of  total  cross-section  ;  and 
the  volume  of  the  space  occupied  by  the  winding  will  be  26*95 
cubic  inches.  Two  bobbins,  each  3iin.  long  and  '65  deep,  to  allow 
for  14  layers,  will  be  suitable  to  receive  the  coils. 

By  the  light  of  the  knowledge  one  possesses  as  to  the  relation 
between  emissivity  of  surface,  rato  of  heating  by  current,  and 
limiting  temperatures,  it  is  seen  how  little  justincation  there  is  for 
such  empirical  rules  as  that  which  is  of  ton  given — namely,  to  make 
the  depth  of  coil  eaual  to  the  diametor  of  tne  iron  core.  Consider 
this  in  relation  to  Uie  following  fact :  that  in  all  those  cases  where 
leakage  is  negligible,  the  nuniber  of  ampere-turns  that  will  mag- 
netise up  a  thin  core  to  any  prescribed  degree  of  magnetisation 
will  magnetise  up  a  core  of  any  section  whatever,  and  of  the  same 
length,  to  the  same  degree  of  magnetisation.  A  rule  that  would 
increase  the  depth  of  copper  proportionately  to  the  diametor  of  the 
iron  core  is  absurd. 

Where  less  accurate  approximations  are  all  that  is  needed,  more 
simple  rules  can  be  given.     Here  are  two  cases : 

Ca^e  1.  Leakage  assumed  to  he  negligible, — Assume  B  =  16,000, 
then  H=:50(s6e  Table  III).  Hence  the  ampere- turns  per  centi- 
metre of  iron  will  have  to  be  40,  or  per  inch  of  iron,  120 ;  for  H  is 
equal  to  1*2566  times  the  ampere- turns  per  centimetre.  Now  if 
the  winding  is  not  going  to  exceed  ^in.  in  depth,  we  may  allow 
4,000  amperes  per  square  inch  without  serious  overheating.  And 
the  4,000  ampere-turns  wiU  require  2in.  length  of  coil,  or  each 
inch  of  coil  carries  2,000  ampere- turns  without  overheating.  Hence 
each  inch  of  coil  ^in.  deep  will  suffice  to  magnetise  up  20in.  length  of 
iron  to  the  prescribed  degree. 

Case  2.  Leakage  assumed  to  be  50  per  ceyU, — Assume  B  in  air  gap 
=  H  =8,000,  then  to  force  this  across  requires  ampere-turns  6,400 
per  centimetre  of  air,  or  16,250  per  inch  of  air.  Now  if  winding  is 
not  going  to  exceed  ^in  depth,  each  inch  length  of  ooil  will  carry 
2,000  ampere-turns.  Hence  8in.  length  of  coil  ^in.  deep  will  be 
required  for  lin.  length  of  air,  magnetised  up  to  the  prescribed 
degree. 

Windings  fob  Constant  Prkssube  and  foe  Constant  Cubrbnt. 

In  winding  coils  for  magnets  that  are  to  be  used  on  any  electric 
light  system,  it  should  be  carefully  borne  in  mind  that  there  are 
separate  rules  to  be  considered  according  to  the  nature  of  the 
supply.  If  the  electric  supply  is  at  constant  pressure,  as  usual 
for  glow  lamps,  the  winding  of  coils  of  electromagnete  follows  the 
same  rule  as  the  coils  of  voltmeters.  If  the  supply  is  with  constant 
current,  as  usual  for  arc  lightins:  in  series,  then  the  coils  must  be 
wound  with  due  regard  to  the  current  which  the  wire  will  carry, 
when  lying  in  layers  of  suitable  thickness,  the  number  of  turns 
being  in  this  case  the  same  whether  thin  or  thick  wire  is  used. 

If  we  assume  that  a  safe  limit  of  temperature  is  90deg.  F. 
higher  than  the  surrounding  air,  then  the  largest  current  which 
may  be  used  with  a  given  electromagnet  is  expressed  by  the 
formula : 


Highest  permissible  amperes 


0-63    /_±_ 


where  a  is  the  number  of  square  inches  of  surfaoe  of  the  coils,  and 
r  their  resistance  in  ohms. 
Similarly  for  coils  to  be  used  as  shunts  we  have : 

Highest  permissible  volts  =  0*63  ^"Jr 

The  magnetising  power  of  a  coil,  supplied  at  a  given  number  of 
volts  of  pressure,  is  independent  of  its  length,  and  depends  only 
on  its  gauge,  but  the  longer  the  wire  the  less  will  be  the  heat 
waste.  On  the  contrary,  when  the  condition  of  supply  is  with  a 
constant  number  of  amperes  of  current,  the  magnetising  power  of 
a  coil  is  independent  of  the  gauge  of  the  wire,  and  depends  only 
on  its  length,  but  the  larger  the  gauge  the  less  will  be  the  beat 
waste. 

MiSGKLLANSOUS  RULES  ABOUT  WINDING. 

To  reach  the  same  limiting  temperature  with  bobbins  of  equal 
size  wound  with  wires  of  different  gauge,  the  cross-section  of  the . 
wire  must  vary  with  the  current  it  is  to  carry  ;  or,  in  other  words, 
the  current  densitv  (amperes  per  square  inch)  must  be  the  same  in 
each.  Ta^le  X.  snows  the  amperages  of  the  various  sizes  of  wires 
at  four  different  values  of  current  density. 
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TABLE  X 

!.— WiBX  Gauoi 

S  AND  AMFEKAOS  TaBLS. 

DimenaionB. 

Penmssible  Amperage 

9,  Probable  Heating,  and  Permissible  Depth, 

Section 

(eq.  inch 

bare). 

Turns  to 

Turns 

At  1,000  amps,  to 

At  2,000  amps,  to 

At  3,000  amps. 

to 

At  4,000  amps,  to 

8,W.G. 

Diam. 
(inch). 

1  linear 

inch 

(covered). 

persq. 

inch 

(covered). 

sq.  inch. 

aq 

[.  inch. 

sq.  inch. 

-50 

sq.  inch. 

A 

F 

D 

A 

F 

D 

A 

F 

A 

F 

D 

22 

-028 

•00062 

23-81 

624* 

•616 

2-28 

4-5 

1^23 

912 

113 

1-85 

20-52 

2-46 

36  5 

•28 

20 

•036 

•0010 

2000 

440^ 

1018 

318 

3-9 

2036 

12-72 

•97 

3-05 

28*62 

•43 

407 

50-9 

•24 

19 

•040 

•0012 

18-52 

377- 

126 

3  56 

3^6 

2-52 

14-24 

-92 

3-78 

32-04 

41 

5^04 

67-0 

-23 

18 

•048 

•0018 

1613 

286- 

1-81 

4-64 

3-3 

3  62 

18-56 

•83 

5-43 

41-76 

•37 

7-24 

74-2 

•21 

17 

•056 

•0024 

14^28 

224- 

2-4 

547 

3-2 

4^8 

21^9 

•79 

7-2 

49-2 

-35 

9  6 

87-5 

•19 

16 

.064 

•0032 

12-83 

181  • 

3-2 

6-57 

30 

6-4 

26-3 

•74 

9-6 

59-1 

•33 

12  8 

105  1 

•18 

15 

•072 

•0040 

1163 

149^ 

4-0 

7-40 

2-9 

8-0 

29-6 

•72 

12-0 

66  6 

•32 

16-0 

118-4 

•17 

14 

•080 

•0060 

1064 

124- 

5-0 

8-46 

2-8 

100 

.33  8 

•70 

15-0 

76-3 

31 

200 

135-4 

•17 

13 

•092 

•0060 

944 

98-2 

6-6 

9-97 

2-7 

13-2 

39-9 

•67 

19-8 

89-7 

-30 

26  4 

159-5 

•16 

12 

•104 

•0085 

8^48 

791 

8-5 

11-53 

2-6 

17-0 

461 

•65 

25'6 

103-8 

-29 

34-0 

184-4 

16 

11 

•116 

•0105 

7-69 

65^0 

10-6 

12-8 

2-5 

21-0 

51-2 

•63 

315 

115-2 

28 

420 

204-8 

•16 

10 

•128 

•0128 

7^04 

545 

12-8 

14-3 

2-4 

25  6 

67-2 

•61 

38-4 

128-7 

•27 

51-2 

2288 

•15 

9 

•144 

•0163 

6-33 

441 

16-3 

16  4 

2-4 

32-6 

65-6 

•60 

48-9 

147-6 

•27 

65^ 

262-4 

•15 

8 

•160 

•0201 

5-74 

363 

201 

18-4 

2-3 

40-2 

73-6 

•59 

60-3 

165-6 

•26 

804    ,  294-4 

•16 

7 

•176 

•0243 

526 

304 

24-3 

20-4 

2-3 

48-6 

81-6 

•58 

72-9 

183*6 

■28 

97  2    I  326  4 

•15 

Strand'd 

i 

! 

1 

7/22 

0^84 

•0043 

9-62 

101^8 

4-3 

6-73 

4-0 

8  6 

26^9 

•99 

12-9 

24  6 

•44' 

17^2 

107-7 

25 

7/S» 

•108 

•0072 

7-81 

671 

713 

8-94 

37 

143 

357 

•92 

21-4 

80-5 

-48 

285 

143-0 

•23 

7/18 

•144 

•0128 

6-09 

408 

12-7 

12-4 

3-4 

26-4 

49-6 

•83 

381 

111-6 

39 

50-8 

198-4 

•21 

7/16 

•192 

•0229 

610 

28-6 

22-9 

17-2 

3-2 

45-8 

68-7 

•79 

68-7 

1645 

-35 

91*6 

274-7 

•20 

7/15 

■216 

•0289 

4-27 

20-1 

28-9 

19-5 

31 

57-8 

78-0 

•78 

86-7 

176  4 

•34 

115-6 

3118 

•20 

7/14 

•240 

•0356 

3-87 

16-5 

356 

21-8 

31 

71-2 

87^1 

•76 

106-8 

195-9 

•34 

142-4 

3483 

•19 

7/13 

•276 

•0462 

3-38 

12-6 

46-2 

24-7 

3-0 

,  92-4 

98-8 

•74 

138-6 

222-3 

•33 

184-8 

395-2 

•19 

7/12 

•312 

•0595 

301 

9-97 

59-6 

28-5 

2-9 

1790 

114-0 

•72 

178  5 

256'5 

•32 

238-0 

456 

•18 
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Figures  in  columns  marked  A  signify  number  of  amperes  the  wire  carries. 

Figures  in  coluoms  marked  F  signify  number  of  degrees  (Fahrenheit)  that  the  coil  will  warm  up  if  there  is  only  one  layer  of  wire, 
and  on  the  assumption  that  the  heat  is  radiated  only  from  the  outer  surface  of  the  coil ;  they  are  calculated  by  the  following  modifica- 
tion of  Forbes's  rule  : 

Rise  in  temperature  (Fahrenheit  d^rees)  =  225  x  No.  of  watts  lost  per  square  inch. 

=  159  X  sectional  area  x  number  of  turns  to  lin.  (at  1,000  amperes  per  square  inch). 

Figures  in  columns  marked  D  are  the  depths  in  inches  to  which  wire  may  be  wound  if  one  watt  be  lost  by  each  square  inch  of  radiat- 
ing sunace,  the  outside  radiating  surface  of  Uie  bobbin  being  only  considered. 

Rule  for  calculatine  a  7-strand  cable  :  Diameter  of  cable  =  1^134  x  diameter  of  equivalent  round  wire. 

Figures  under  heaaing  "Turns  to  1  linear  inch,"  are  calculated  for  cotton-coverra  wires  of  average  thicknesses  of  coverings  used 
for  the  different  gauges — viz.,  14  mils  additional  diameter  on  round  wires  (from  No.  22),  and  20  mils  on  stranded  or  square  wire. 

Figures  under  heading  "  Turns  per  square  inch,''  are  calculated  from  preceding,  allo^ving  10  per  cent,  for  bedding  of  layers. 

Resistance  (ohms)  of  coil  of  copper  wire,  occupvine  v  cubic  inches  of  coil  space,  and  of  which  the  gauge  is  d  mib  uncovered,  and 
D  mils  covered,  may  be  approximately  calculated  oy  toe  rule : 


Ohms  =  960,700 


i; 


D^cP' 


The  data  respecting  sizes  of  wires  of  various  gauges  are  kindly  furnished  by  the  London  Electric  Wire  Company. 


To  raise  to  the  same  temperature  two  similarly  shaped  coils, 
differing  in  size  only,  and  having  the  gauges  of  the  wires  in  the 
same  ratio  (so  that  there  are  the  same  number  of  turns  on  the  large 
coil  as  on  the  small  one),  the  currents  must  be  proportional  to  the 
square  roots  of  the  cubes  of  the  linear  dimensions. 

Sir  William  Thomson  has  given  a  useful  rule  for  calculating 
windings  of  electromagnets  of  the  same  types  but  of  different  sizes. 
Similar  iron  cores,  similarly  wound  with  lengths  of  wire  propor- 
tional to  the  squares  of  their  linear  dimensions,  will,  when  excited 
with  equal  currents,  produce  equal  intensities  of  magnetic  field  at 
points  similarly  situated  with  respect  to  them. 

Similar  electromagnets  of  different  sizes  must  have  ampere-turns 
proportional  to  their  linear  dimensions  if  they  are  to  be  magnetised 
up  to  an  e^ual  degree  of  saturation.' 

It  is  curious  what  erroneous  notions  crop  up  from  time  to  time 
about  winding  electromagnets.  In  1869  a  certain  Mr.  Lyttle  took 
out  a  patent  tor  winding  the  coils  in  the  following  way  :  Wind 
the  first  layer  as  usual,  then  bring  the  wire  back  to  the  end  where 
the  winding  began  and  wind  a  second  laver,  and  so  on.  In  this 
way  idl  the  windings  will  be  right-handed,  or  else  all  left-handed, 
not  alternately  ri^bt  and  left  as  in  the  ordinary  winding.  Lyttle 
declared  that  this  method  of  winding  a  coil  gave  more  powerful 
effects ;  BO  did  M.  Brisson,  who  reinvented  the  same  mode  of 
winding  in  1873,  and  solemnly  described  it.  Its  alleged  superiority 
was  at  once  dispreved  by  Mr.  W.  H.  Preece,  who  found  the  only 
difference  to  be  that  there  was  more  difficulty  in  carrying  out  this 
mode  of  winding. 

Another  popular  error  is  that  electromagnets  in  which  the  wires 
are  badly  insulated  are  more  powerful  than  those  in  which  they 
are  well  insulated.  This  arose  from  the  i^orant  use  of  electro- 
magnets having  long  thin  coils  (of  high  resistance)  with  batteries 
consisting  of  a  few  cells  (of  low  E.M.F.).  In  such  cases,  if  some 
of  the  coils  are  short-circuited,  more  current  flows,  and  the  mag- 
netising power  may  be  greater.  But  the.  scientific  cure  is  either 
to  rewind  the  magnet  with  an  appropriate  coil  of  thick  wire,  or 
else  to  apply  anoMier  battery  having  an  E.M.F.  that  is  greater. 

{To  he  continued,) 


LEGAL   INTELLIGENCE. 


Pliyaleal  Soolety.— In  the  report  of  the  meeting  of  this  society 
given  in  our  last  issue,  on  page  463,  in  ooL  2,  line  58,  after  egvare 
msert  roots. 


DICKINS  AND  JONES  v.  HETROPOUTAN   ELECTRIC 

SUPPLY  COMPANY. 

This  action  came  before  Mr.  Justice  Stephen  in  the  Queen 'a 
Bench  Division  of  the  High  Oourt  of  Justice  on  Wednesday. 

Messrs.  Dickins  and  Jones,  of  Regent-street,  sued  the  company 
to  recover  damages  for  an  alleged  breach  of  a  contract  to  supply 
the  electric  light  bo  their  place  of  business.  The  defendants  denied 
that  there  was  any  written  agreement  with  the  plaii)ti£b  as 
alleged,  such  an  agreement  was  an  agreement  at  will  only,  and 
made  subject  to  a  proviso  that  the  aefendante  were  not  to  be 
liable  to  any  damage  by  accidental  interruptions,  and  that  the 
said  supply  was  interrupted,  if  at  all,  accidentally,  by  reaeon  of 
the  overnead  wires  being  in  an  unsafe  condition  in  November, 
1889,  and  the  defendants  could  not,  by  reason  of  the  Electric 
Lighting  Orders  Confirmation  Act  of  1889,  enter  upon  the  area  or 
district  m  which  the  plaintiffis*  premises  were  for  the  purposes  of 
replacing  the  said  wires.  For  the  same  same  reason  on  November 
16,  1889,  the  date  of  the  matters  oomplained  of,  the  defendants 
contended  they  were  prohibited  from  supplying  the  pUintifis  any 
longer  under  their  contract,  and  only  continued  to  supply  them 
upon  sufferance,  and  so  long  as  they  were  permitted  to  do  ao  by 
the  Board  of  Trade,  and  then  when,  under  the  new  r^^lations  of 
that  authority,  consequent  upon  the  new  Electric  Lighting  Act, 
the  defendants'  supply  cable  became  insufficient  as  not  conforming 
to  the  new  requirements,  they  had  been  compelled  to  cut  off  the 
supplv  of  the  electric  current.  The  defendant  company  further 
stated  that  when  this  had  been  done  they  had,  on  November  25, 
written  the  plaintiffs  offering  to  provide  and  fix  suitable  plant  at 
the  plaintifib'  cost,  and  to  continue  the  supply,  but  that  the  plain- 
tiffs refused  their  offer.  In  reply  to  the  delendants'  statutory 
defence,  the  plaintiffs  pleaded  that  on  May  20, 1889,  the  defendants 
were  supplying  the  electrical  energy  to  their  premises,  and  that, 
therefore,  under  section  6  of  the  Act  they  were  pennittiBd  to  con- 
tinue such  supply  until  September  29,  1890. 

Mr.  Jelf,  Q.C.,  and  Mr.  M'Call  appeared  for  the  plaintiffii ;  and 
Mr.  Lumley  Smith,  Q.C.,  and  Mr.  R.  S.  Wright  were  for  the 
defendant  companv. 

Evidence  was  given  that  prior  to  1888  the  plaintiffs'  premises 
had  been  supplied  with  the  electric  light  by  the  Groevenor 
Company,  and  subsequently  by  Mesara.  Pritchett  and  Go.,  of 
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Owing  to  their  being  in  unity  with  the  Edison-Swan  Company, 
they  were  able  to  play  into  one  another's  hands,  and  it  happened 
that  a  demand  set  in  for  a  particular  kind  of  lamp  in  Germany, 
which  the  Edison  Company  could  not  supply  and  tney  could,  and 
the  £9,115.  168.  8d.  represented  the  lamps  made  and  material  used. 

The  next  items  were  office  expenses,  Directors'  fees,  rent, 
salaries,  income  tax,  etc.,  £3,513 ;  wages  and  expenses  at  factory, 
£5,046— that  was,  wages  and  expenses  as  distinct  from  material  or 
lamps ;  depreciation,  the  item  already  referred  to,  £490 ;  sales, 
ledger  reserTe,  £150.  This  was  in  case  they  made  bad  debts.  They 
hadno  anticipation  of  doing  so,  only  they  liked  to  be  on  the  right 
side.  On  the  other  side  of  the  account  there  was  the  item  "By 
sales,  less  commission  and  allowances,  £12,347  ;  transfer  fees  and 
interest,  £1,768.'*  Now,  these  two  items  were  realised  from  what 
might  be  called  the  open  asset  of  the  Swan  Company — the  power 
to  make  lamps  in  Germany,  or  to  license  it  to  somebody  else  ;  and 
the  interest  on  investments — £5,120  in  Prussian  Consols,  and 
£29,000,  in  round  numbers,  in  English  Consols.  Then  they  came 
to  the  income  depending  upon  the  fixed  investments — namely,  the 
dividend  on  shares  in  La  Compagnie  G^nerale  £1,771,  and  divi- 
dends on  shares  in  the  Eklison  and  Swan  United  Electric  Light 
Company  £30,665,  which  was  a  big  figure.  In  fact,  this  sum  came 
to  8  per  cent,  upon  the  whole  capital.  That  was  a  very  important 
thing,  and  those  gentlemen  who  nad  taken  sufficient  interest  in  the 
affiurs  of  the  Edison  and  Swan  Company  to  attend  their  meetings 
or  read  their  reports  would  know,  humanly  speaking,  that  the 
future  of  that  company  was  likely  to  be  fairly  prosperous.  They 
had  protection  for  a  certain  number  of  vears,  but  their  policy  had 
not  been  founded  upon  protection  at  all,  but  upon  their  having  at 
the  end  of  the  protected  time  such  a  character,  clienUle,  and  capa- 
city for  production  that  nobody  else  could  compete  against  them. 
They  must  work  to  that  standard.  As  long  as  the  protecting  period 
lasted  there  was  no  doubt  that  the  dividend  of  the  Edison-Swan 
Company  might  be  looked  for  as  being  a  very  tolerable  one.  The 
French  Company,  which  had  only  started  very  recently,  had  a  fine 
factonr,  but  nad  not  yet  done  as  much  as  they  had  in  the  produc- 
tion of  lamps.  They  did  not  make  nearly  as  many.  But  it  took 
a  certain  time  to  develop  an  efficient  lamp,  combined  with  an 
economical  one.  The  processes  were  so  multifarious  and  technical 
that  it  wanted  considerable  practice  to  get  into  the  best  groove. 
There  was  the  advantage  of  having  the  Edison-Swan  interested  in 
it  as  partners.  They  were  able  to  eive  them  the  aid  their 
experience  as  gained  at  Ponders  End,  where  they  had  the  advan- 
tage of  having  the  technical  knowledge  of  Mr.  Swan,  and  had  suc- 
oeided  in  producing  efficient  lamps  at  a  moderate  price.  The 
French  Company  had  had  the  benent  of  their  knowledge,  and  they 
hoped  they  would  pay  6  per  cent,  on  the  investment.  Their  (the 
French  Company's)  year  ended  later,  and  they  ought  to  have  some 
dividend  from  them,  but  they  had  thought  it  prudent  to  wait  for 
it.  Litigation  was  still  going  on  in  France  about  patents,  because 
although  they  had  wisely  put  their  horses  together,  there  were  in 
France,  as  in  other  places,  a  great  number  of  people  who  liked  to 
avail  themselves  of  the  fruit  of  other  people's  brains  without  pay- 
ment. So  there  were  a  number  of  infringers,  and  the  same  pro- 
cess  was  going  on  there  as  had  been  here,  and  the  French 
Company  were  standing  on  their  patents.  They  blamed  the 
lawyers  in  England,  but  their  experience  in  Germany  was  only 
capped  by  their  experience  of  France  in  getting  legal  matters 
settled,  and  until  they  were  settled  they  did  not  know  the  value  of 
their  business.  As  regarded  the  German  pitent  suit  the 
Court  of  Appeal  gave  it  in  their  favour,  though  they  had 
lost  it  in  the  first  Court,  the  judge  giving  judgment  against 
them  in  spite  of  a  report  in  their  favour  from  the  Patent 
Department.  Of  course,  if  they  were  held  to  have  infringed  the 
Eidison  patent,  it  would  be  a  serious  matter,  and  they  would 
have  to  shut  up  shop.  They  were  making  lamps  in  Germany, 
and  making  them  at  a  small  profit.  Until  the  decision  of  the 
Supreme  Court  of  Leipeic  had  been  heard,  they  would  not  know 
which  way  it  would  ^o.  The  Compagnie  General  were  contesting 
(upholding)  the  validity  of  the  French  patents,  and  hoped  to  get  a 
decision  next  spring,  meanwhile  they  were  going  on  making  lamps 
and  selling  them.  Pending  the  determination  of  these  judicial 
proceedings  everybody  made  lamps  and  sold  them,  and  that  afiected 
the  price,  which  had  to  be  even  with  that  of  the  infringer.  Of 
course,  what  might  happen  there  was  what  happened  in  this 
country,  when  they  got  hold  of  two  or  three  infringers,  these  had 
to  reimburse  them  in  good  solid  sums.  That  might  take  place  both 
in  Germany  and'  France.  He  would  invite  questions,  and  con- 
clude by  moving  the  adoption  of  the  report  and  accounts  subject 
thereto. 

Kr.  F.  B.  LeylMid  (deputy  chairman)  seconded  the  motion. 

Kr.  mils  asked,  as  to  the  sum  of  money  in  consols  (£29,004), 
what  was  |the  object  of  keeping  such  a  large  sum  there  ;  also  as 
to  the  £2()8,478,  which  paid  them  15  per  cent.,  whether  this  15 per 
cent,  was  fairly  earned  this  year,  or  whether  it  was  in  payment  of 
arrears  previously  owing  ;  as  to  the  increase  in  the  stock  by  about 
£8,000,  he  should  have  thought  it  would  have  been  decreased 
rather  than  increased  ;  as  to  the  office  expenses,  which  seemed  to 
him  large  where  the  sales  were  only  £12,000,  and  the  duties  of  the 
Directors  consisted,  as  far  as  he  could  judge,  in  receiving  the 
dividends  from  the  Edison  and  French  Company  ? 

In  reply,  the  Chalmuui  explained  as  to  the  Edison  dividend 
that  there  were  certain  deferred  shareholders  in  the  Edison  Com- 
pany (the  Swan  Company  being  the  largest  among  them)  who  were 
entitled  out  of  the  profits  of  each  year  to  an  accumulated 
dividend  of  7  per  cent.  As  to  the  stock  of  lamps,  they  had  already 
sold  about  half  for  nearly  as  much  money  as  the  whole  stock  was 
valued  at  in  the  balance-sheet.  They  thought  it  prudent  to  put 
ihA  stock  in  tiie  aooonnts  at  cost  prioe,  and  they  were  justified  by 
hadjiut  said  in  so  doing.    Ab  to  office  expenses,  the 


Directors  got  £1,500  for  their  year's  services,  and  that  wsji  cheap. 
They  were  not  mere  machines  for  taking  over  and  distributing  the 
money  earned  in  other  concerns.  They  were  conducting  the  most 
serious  litigation  affecting  the  Company's  interest  in  other 
countries.  The  fortune  of  the  two  Companies  had  been  made  by 
the  energy,  and  zeal,  and  infinite  pugnacity  which  had  resulted  in 
success,  and  they  must  pay  for  it.  What  was  £1,500 a  year  ?  Why, 
their  lawyers  took  it  out  in  half  a  term.  Germany  was  a  long  way 
off,  and  to  conduct  a  small  business  in  Germany  was  much  more 
difficult  than  to  do  so  in  London.  He  hoped  they  should  hear  no 
more  about  this.  As  to  the  investment  in  consols,  they  had  more 
money  than  they  wanted.  It  was  easy  to  talk  of  paying  it  back 
to  the  shareholaers,  but  that  meant  reducing  the  capital  and  going 
to  the  Court  of  Chancery.  Besides,  if  tne  litigation  be  had 
mentioned  went  in  their  favour,  their  business  would  increaae, 
and  they  would  want  a  great  deal  of  money  to  extond^  it  in 
Germany,  where  they  were  working  with  a  very  small  capital  at 
present.  They  did  not  want  to  put  money  into  workshops  there 
yet;  in  fact,  they  only  rented  a  factory  and  made  temporary 
arrangements,  keeping  their  money  in  their  pockets  pending  the 
result  of  the  litigation. 

A  Bliareliolder  asked  when  the  patoct  expired,  and  the  Chair- 
man said  at  the  end  of  between  three  ana  four  years,  with  no 
chance  of  prolonging  it.  If,  however,  they  had  not  got  a  character 
at  the  end  of  that  time  they  would  not  deserve  to  have  it.  There 
was  evidence  of  an  enormous  increase  in  electric  lighting.  They 
g^ve  up  installing,  and  left  the  risk  of  that  business  to  other  people 
with  more  money  and  enthusiasm,  and  these  were  installing  now 
in  all  directions,  Liondon  being,  if  anything,  more  behind  in  this 
respect  than  other  places.  Wno  knew  how  many  lamps  would  be 
required  in  four  years'  time  Y  If  they  only  got  a  tithe  of  the  bosiaea 
then  they  ought  to  make  a  handsome  profit. 

The  Chainiuui  moved  :  **  That  in  addition  to  the  interim  divi- 
dend at  the  rato  of  6  per  cent,  per  annum  for  the  six  months 
ended  March  31,  1890,  already  distributed,  a  dividend  at  the  rate 
of  6  per  cent,  per  annum  be,  and  is  hereby,  declared  on  the  shares 
of  the  Company  for  the  half-year  ended  September  30,  1890 
(making  6  per  cent,  for  the  year),  and  of  4  per  cent,  for  the  12 
months  ended  September  30,  1890,  free  of  income  tax,  to  be  dis- 
tributed in  acconlance  with  the  provisions  of  clause  79  of  tho 
articles  of  association."  He  observed  that  the  dividend  worfcLs 
out  to  the  following  amount  per  share :  On  the  78,949  ordi- 
nary shares,  4i.  10|d.  per  share ;  on  the  19,750  fully-peid  shares, 
5b.  7|d.  per  share. 

This  was  seconded  by  BIr.  Leylaad  and  carried. 

Resolutions  re-electing  Messrs.  F.  R.  Leyland  and  W.  G. 
Quilter,  M.P.,  as  directors,  and  Messrs.  Welton,  Jones,  and  Co^, 
auditors. 

The  meeting  closed  with  the  usual  vote  of  thanks  to  the 
Chairman,  which  was  seconded  by  Mr.  Mllla,  who  disclaimed  any 
intention  of  questioning  the  remuneration  of  the  Directors. 

The  dwlnnan,  in  the  course  of  his  reply,  remarked  that  when  tbe 
litigation  was  brought  to  a  close  in  Germany  the  necessity  for 
keeping  the  Edison-Swan  and  the  Swan  United  Company's  as  two 
separate  undertakings  would  cease,  and  he  supposed  it  would  be  a 
prudent  thing  and  wise  upon  some  terms  or  other  to  pat  both 
those  hate  under  one  umbrella,  and  that  would  materially  reduce 
the  considerable  charge  of  £3,500  a  year  for  working  a  separate 
concern.  That  could  not  be  done,  however,  until  they  knew  what 
their  legal  position  in  Germany  was. 


MONTEVIDEAN  AND  BRAZILIAN  TELEGRAPH  COMPANY. 

On  Tuesday  morning,  at  an  extraordinary  general  meeting  of 
the  Monteviaean  and  Brazilian  Telegraph  Company,  held  at  the 
offices,  Langthorn  House,  Copthall-avenue,  Dr.  Cameron,  M.P.,  in 
the  chair,  a  series  of  formal  resolutions  were  submitted  by  which 
it  is  proposed  to  voluntarily  wind  up  the  Company,  to  appoint  Mr. 
George  Fraser  as  the  liquiaator,  and  to  enter  into  an  agreement 
for  the  sale  and  transfer  to  the  Western  and  Brazilian  Telegraph 
Company,  Limited,  of  the  whole  of  the  Montevidean  and  Brazilian 
Telegraph  Company's  undertaking. 

The  resolutions  having  been  adopted,  the  proceedings  closed 


COMPANIES'  REPORTS. 


ELECTRIC  CONSTRUCTION  CORPORATION,  LIMITED. 

Directors:  Sir  Henry  C.  Mance,  CLE.,  chairman,  J.  Spencer 
Balfour,  Esq.,  M.P.  (vice-chairman).  Sir  Daniel  Cooper,  Bart., 
G.C.M.G.,  Sir  R.  N.  Fowler,  Bart.,  M.P.,  John  Irving  Courtenay, 
Esq.,  George  Dibley,  Esq.,  Henry  P.  Holt,  Esq.,  Joseph  Moseley, 
Esc^.,  James  Pender,  Esq.,  J.  B.  Verity,  Esq.,  H.  Granville 
Wright,  Esq.,  Joseph  EbbSmith,  Esq.  (managing  director}, 
Thomas  P&rker,  Esq.  (works  director).  Secretary :  F.  Walto  , 
Esq. 

Report  of  the  Directors  to  be  submitted  to  the  shareholders  at 
the  ordinaiy  general  meeting  to  be  held  at  Worcester  Houae, 
Walbrook,  London,  E.C  ,  on  Monday,  8th  December,  1890,  at  12 
o'clock  noon. 

The  Directors  beg  to  submit  the  accounts  of  the  Corporation  up 
to  September  90th,  1890,  showing  a  profit  of  £62,639.  Ss.  2d.  This 
may  be  considered  as  eminently  satisfactory,  havine  regard  to  the 
facts  that  (1)  the  Corporation  did  not  enter  into  full  possession  of 
all  the  properties  arauired  until  October  31st,  1889 ;  and  (2)  the 
Corporation  has  not  daring  the  past  year  had  the  benefit  of  tho 
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increABed  power  aad  economy  of  prodaotion  to  be  deriTed  from  the 
new  BQtfhbnry  Works,  to  which  special  reference  ia  hereafter 
made.  From  the  profit  of  £62,639.  Ss.  2d.,  the  Board  have  written 
off  the  whole  of  the  preliminary  expenses  of  the  formation  of  the 
Corporation,  amoontin^i^  to  £4,348.  78;  6d.,  and  they  have  also 
carried  to  capital  account  a  considerable  sum  resulting  from 
licenses  and  re-sales  of  patents.  No  patents  have  been  sold  or 
licenses  granted  which  can,  in  the  opinion  of  the  Directors, 
prejudice  the  profit-eamine  power  of  the  Corporation,  and 
possiblv  a  certain  portion  of  the  amount  so  appbed  to  capital 
might  nave  been  regarded  as  divisible  profits ;  but,  having  regard 
to  the  large  amount  of  the  capital  of  the  Corporation  at  present 
represented  by  the  patent  rights,  the  Directors  are  satisfied  that 
the  shareholders  wiU  support  the  more  prudent  policy  which  has 
been  adopted.  From  toe  profit  balance  of  £48,290.  15s.  8d.  the 
Directors  recommend  (1)  that  the  sum  of  £15,000  be  placed  to 
reserve  account  against  depreciation  ;  (2)  that  a  dividena  of  6  per 
cent,  be  declared  and  paid  upon  the  capital  which  has  been  from 
time  to  time  called  up,  and  paid  in  respect  of  the  ordinary  shares 
of  the  Corporation,  from  the  date  of  tOlotment  on  the  7  th  day  of 
June,  1889,  to  the  30th  day  of  September,  1890,  inclusive,  carrying 
forward  the  balance  to  the  current  year's  aocount.  At  an  early 
date  after  acquisition  of  the  ElweU-Parker  business,  the 
Directors  satisfied  themselves  that  the  existing  Wolverhampton 
(Commercial-road)  works  were  inadequate  to  cope  with  the  large 
and  increasing  orders  for  electrical  goods,  and  particularly  lor 
those  of  the  heavier  class  now  in  demand  for  central  stations.  A 
very  advantageous  site  was  secured  at  Bushbury,  near  Wolver- 
hampton, immediately  i^oining  and  in  direct  coinmunication  with 
the  London  and  North- Western  Railway  Company.  Works  have 
been  there  erected  which,  it  is  believed,  will  enable  the  Corpora- 
tion to  supply  electrical  work  of  any  class ;  but,  having  regard  to 
the  manner  in  which  the  business  of  the  Corporation  has  developed, 
provision  has  been  made  for  still  further  extensions  should  the 
necessity  arise.  The  cost  of  the  construction  of  these  works,  with 
the  necessary  land,  sidings,  and  machinery,  has,  of  necessity,  been 
great ;  but  the  Directors  are  satisfied  that  the  capital  of  the  Cor- 
poration has  been  well  expended.  In  the  prospectus  of  the 
Corporation  it  was  stated  that  "  As  the  business  and  profits  of  the 
Corporation  increase  the  Directors  will  from  time  to  time  propose 
the  issue  of  additional  capital,  but  care  will  be  taken  that  the 
holders  of  the  original  capital  shall  be  entitled  to  a  preference  or 
priority  of  idlotment  in  subsequent  issues."  To  secure  the  full 
advantage  and  profits  of  increasing  business,  it  is  desirable  that 
a  consioerable  addition  should  be  made  to  the  resources  of  the 
Corporation.  In  the  opinion  of  the  Directors  a  debenture  issue 
would  be  more  economical  and  advantageous  to  the  present  share- 
holders than  an  increase  of  capital  either  by  ordinary  or  preference 
shares.  Subject  to  any  expression  of  opinion  on  the  {Mirt  of  the 
shareholders  at  the  general  meeting,  the  Directors  therefore 
propose  to  make  a  sufficient  debenture  issue.  Care  will  be  taken 
that  shareholders  desiring  to  subscribe  to  these  debentures  shall 
have  the  opportunity  of  doing  so.  In  accordance  with  the  articles 
of  association,  four  of  the  Directors — viz.,  Sir  Daniel  Cooper,  with 
Messrs.  Balfour,  Courtenay,  and  Dibley — retire  from  the  Board,  all 
of  whom  are  eligible,  and  offer  themselves  for  re-election.  The 
Directors  regret  that  the  pressure  of  his  professional  engagements 
has  compelled  Sir  Douglas  Fox  to  resign  his  seat  at  we  Board. 
Sir  Henry  C.  Mance,  C.LE.,  has  consented  to  give  the  Corporation 
the  benefit  of  his  great  experience  and  scientific  knowledge,  as 
chairman  of  the  Board.  Messrs.  Broads,  Paterson,  and  Co.,  the 
present  auditors  of  the  Corporation,  retire  and  offer  themselves 
lor  re  election. 

Pbofit  and  Loss  Aoooukt,  from  7th  Junk,  1889,  to  30th 

Septembeb,  1890. 
Db.  £       s.  d. 

To  expenses  and  cost  of  production  during  the 
year  ended  30th  September,  1890,  at  Wolver- 
hampton and  Millwall,  including   engineering 

department  and  provision  for  bad  deb  to    173,266    0    9 

To  head  office  expenses,  including  rents,  patent 
expenses.  Directors*  fees.   Managing  Director's 

salary,  accountancy,  etc 14,468  10    4 

To  Auditors' fees  106    0    0 

To  interest  upon  teraporiuy  loans,  etc 4,837  18    7 

To  other  expenses,  including  the  estimated  cost  of 
goods,  etc.,  sent  to  Edinburgh  Exhibition,  and 

advertising 3,948    7    6 

To  balance  carried  to  baUnce-sheet 62,639    3    2 


£249,266    0    4 

Cr.  £        8.  d. 

By  apportionment  of  profit  between  the  vendor 
and  the  Corporation:  Proportion  accruing  to 
the  Corporation  from  7th  June  to  30th  Sep- 
tember, 1889  4,061  11    7 

By  sales  and  work  executed  during  the  year  ended 
30th  September,  1890 222,734  13    1 

By  cash  and  shares  for  licenses 
granted,  patents  resold,  and 
profits  upon  formation  of  sub- 
skiiary  companies    £121,963  12    5 

Lt$9  estimated  amount  applicable 

to  capital  account    100,000    0    0 

21,063  12    5 

By  transfer  fees,  rents  received,  and  miscellaneous 
receipts    ,...»••, 606    3    3 

^^9,266    0    4 


Balanck-shsbt,  Sbftbmber  30ni,  1800. 

Db.  £       s.    d.        £       s.  d. 

To  capital — 
49,900   ordinary  shares  of   £10 

each £499.000    0    0 

100  founders'  shares  of  £10  each        1,000    0    0 


600.000    0    0 
/;«tM  calls  in  arrear  16,074    0    0 


To  liabilities — 
Trade  accounts,  Wolverhampton 

and  MUlwaU 33,068    8  11 

Capital  accounts 17,655  17  10 

Loan  secured  by  debentures 40,000    0    0 

Directors    792    3    9 


483,926    0     0 


By  contingent  liabilities— 
On  pending  con- 
tracts and  in 
shares  partly 
paid  up,  and 
bills  receivable 
discounted    ...£113,364    0    0 


91,416  10    6 


By  profit  and  loss  account — 
Balance  as  per  statement  from 

June  7th,  1889,  to  September 

30th,  1890  62,639    3    2 

Deduct     preliminary     expenses 

written  off 4,348    7    6 


48.290  16    8 


£623.633    6    2 

Cr.  £  s.  d 
By  purchase  of  the  works,  businesses,  and  patents 
of  El  well-Parker,  Limited,  of  Wolverhampton, 
and  of  the  Electrical  Power  Storage  Company, 
Limited,  of  London,  patent  rights,  etc..  accord- 
ing to  prospectus £397,300    0    0 

Lts8  stock,  book 

debto,  etc.  £85,303    2    4 

Licenses  granted 

and       patents 

sold,  see  profit 

and    loss     ac- 
count      100,000    0    0 

186,303    2    4 

211,996  17    8 

By  expenditure  since— 
Liabilities  of  the  Wolverhampton  business  at  the 

date  of  purchase,  etc 40,189    1     3 

Land  and  buildings  at  Bushbury,  new  works, 

Wolverhampton 46,396  11    8 

Plant  and  machinery,  etc.   12,763  17  11 

Furniture,  fixtures,  etc 1,471    7  11 


312,816  16    6 


By  shares  in  subsidiary  companies  at  par,  shares 
included  in  the  original  purchase  at  nominal 
value,  and  debts  due  by  subsidiary  companies...     128,117    0    0 
By  book  debts — 
Wolverhampton    and    Millwall 

accounts £71.806    6    1 

Head  office  accounts   20,986    4    9 

The  vendor,  for  liabilities  of  the 
businesses  purchased,  paid  by 

the  Corporation   12,091  14    7 

104,882    6    6 

By  stocks  at  Wolverhampton  and  Millwall   34,640    7    4 

By  cash  at  bankers  36,984    9    3 

By  bills  in  hand 6,192    7    9 

£623,633    6    2 


PROVISIONAL  PATENTS,  1890. 


18491. 

18637. 
18664. 

18666. 
18666. 
18557. 
18668. 


NOYSMBKR  17. 

Improvements  la  dynamo'eleetrle  maelilnee,  Rankin 
Kennedy,  10,  India-street,  Kilmarnock.  (Complete  specifi- 
cation.) 

Improved  meOwd  of  stgiialllng  on  railways,  aad  ap- 
pUaaoes   ooaaeolod   for   eloetrioaily    oporattac    same. 

Edward  Samuel  Cook,  166,  Fleet-street,  London. 

Improvemoats  relating  to  the  flsdng  la  Insnlatlng  Immos 
of  Mooks  for  oonaeetlas  eleotrloal  eoadnotors.  Henry 
James  Pierce,  18,  Buckingham-street,  Strand,  London. 

ImproTomenta  la  eleotrloal  swltoheo.  Henry  James 
Pierce,  18,  Buckingham-street,  Strand,  London. 

Improvomeats  la  eleotrloal  switohes.  Henry  James 
Pierce,  18,  Buckingham-street,  Strand,  London. 

ImproTomeats  la  eleotrloal  swltobos.  Henry  James 
Pierce,  18,  Buckingham-street,  Strand,  London. 

ImproTomoato  relating  to  eleotrloal  poadaats  aad  other 
portahlo  or  movahlo  eleotrloal  dorloes.  Henry  James 
Pierce,  18,  Buckingham-street,  Strand,  London^ 
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NOVSISBES  18. 

18576.  ImproFwneiiU  In  mpparatns  Ibr  oontrolllns  ^hbottio 
eurrttnta.  Ralph  Henry  Christopher  Nerile,  2,  Great 
George-Btreet,  Westminiiter.    (Complete  specification.) 

18587.  Imprwnd  Ibrm  of  Oleetrto  loeomotlTe.  John  Piatt,  High 
Orchard-road,  Glouoeeter.  (Francis  W.  Dean,  United 
States.) 

18589.  ImproveBieiits  In  elaetrlo  railway  gUpinlff.  William 
Henry  Waddell,  46,  Idncoln's-inn-fields,  London.  (Com- 
plete specification.) 

18626.  Improvementa  In  and  relattng  to  apparatna  for  noe  In 
olootrlo  woldlns,  forglnff,  a&d  other  motal-worklac 
oporatloiui.  Henry  Harris  Lake,  45,  Southampton-build- 
ings, London.  (Hermann  Lemp,  United  States.)  (Com- 
plete specification.) 

18631.  ZmproTomontfl  relattng  to  tbo  welding  of  »w*>ta^i«  by 
elaetrioity.  Henrv  Harris  Lake,  45,  Southampton-build- 
ings, London.  (Elihu  Thomson,  United  States.)  (Com- 
plete specification.) 

18638.  Improvomonto  In  olootrlolty  motors.  Eugen  Hartmann 
and  Wunibald  Braun,  47,  Lincoln's-inn-fields,  London. 
(Complete  specification. ) 

18660.  An  Improved  tonnlnal  for  Olootrlo  lamplioiden.  Andrew 
Jackson  McGeoch,  Temple- chambers,  London. 

18661.  ZmproTomonto  In  tlio  oonotmetlon  of  platoa  for 
■ooondary  battorioo.  Job  Thomas  Niblett,  6,  Bream's- 
buildings,  London. 

18663.  An  Improved  Instnimont  for  romovlng  the  ooTorlng 
from  InsQlatod  wlroo.  Oscar  May,  45,  Southampton- 
buildings,  London. 

NOVSMBBR  19. 
18695.  Zmprovomonto     In    armatoros     fbr     dynamo-oloetrlo 
machlnoo.  John  Henry  Holmes,  Portland-road,  Newcastle- 
on-Tyne. 

18699.  ImproTomontslnoleotrloelreiiltolooorsorpnalilmttoaflw 

William  S.  Thomson  and  Hjalmar  von  Kohler,  55,  Chan- 
cery-lane, London.    (Complete  specification). 

NOVEICBKB  2(X 

8776.  Bleotrlo  teiograplile  oommnnloatlon  between  termini, 
intomediato  statlona,  oto.,  and  railway  trams  or 
Faiiioloo  in  motton.  Arthur  Thomas  James  Cutmore  and 
Francis  Hermin  Bointon,  41,  Fumival-street,  Holbom  Bars, 
London. 

18791.  ImproTomonto  in  llxingB  for  ospoood  telegraph  wires 
to  inonlatom.  Oliver  Imray,  28,  Southampton-buildings, 
London.     (Joao  Nepomucono  Baptista,  Bram.) 

18796.  An  improved  locking  aaoli  AwtMier  and  olootrloal 
alarm  and  indioator  fbr  windowa,  doors,  and  like 
purposes.    John  Benford,  97,  Newgate-street,  London. 

NOVEMBKB  21. 

18836.  Improvements    in   meters  for   messnring   eleetrieity. 

William  Friese-Greene,  92,  Piccadilly,  London. 
18890.  Zmprovomonts    in    aatomatio   teiopliono    oonnootors. 
James  Yate  Johnson,  47,  Lincoln's-inn-fields,  London.  (The 
Automatic  Electric  Exchange  Company,  United  States.) 
(Complete  specification.) 

18896.  Improvements  in  tbe  prooess  and  apparatus  for  mann- 
Iketnring  oopper  tubes,  SheeU.  striptf.  and  wires  by 
elootrolysis.  Alexander  Stanley  Elmore,  28,  South- 
ampton-buildlngs,  London.    (Complete  specification. ) 

18904.  Improvements  in  magnoto-eleotrio  toieplionie  apparatus. 
Harry  Thomas  Ogilvie  Fraser,  47,  linooln's-inn-fields, 
liondon. 

18910.  Improved  apparatos  for  stopping  maehiaory  by  eleo* 
trioity.  (Desar  Felix  Joez,  4,  South-street,  Finsbury, 
London. 

18913.  An  improved  elootribal  switch.  Edward  Lionel  Joseph, 
115,  Cannon-street,  London. 

18916.  Improvements  in  or  appertaining  to  apparatus  for 
moasnring  olootrio  ourronts.  Hermann  Aron,  6,  Lord- 
street,  LiverpooL 

18926.  Improvements  in  elootrlo  are  lamps.  Franfois  Suisse, 
54,  Fleet-street,  London. 

KOVBMBEB  22. 

18969.  An  improved  apparatus  fbr  measuring  tbo  reslstanoe 
and  insulation  of  olootrio  oonduotors.  William  Arthur 
Price  and  William  Ernest  Gray,  6,  Bream's-buildings, 
London. 

18993.  Improvsmonts    in    and   relating  to    oioetHe   olooks. 

Nicolaui  Prokhoroff  and  Nicolaus    Fahlberg,   45,   South- 
ampton-buildings, London.    (Complete  specification.) 


SPECIFICATIONS  PUBLISHED. 

1889. 
17424.  Blootrio  oonduotors.    Andrews.     6d. 

20311.  Lightning  arresters.     Thompson  (Westinghouse  Electric 
Company).    8d. 

20393.  Lighting  trains  by  oleotrioity.    Jenkin.    8d. 

20764.  Blootrio   generators.      Thompson    (The     Westinghouse 
Electric  Company).    8d. 

20685.  SloetriOp  oto^  lamps.    Price.    6d. 


1890. 

12080.  Sloetrieal  switehes.    Baker.    8d. 

8393.  Xlootrioal  switches.     Drake  and  others.    8d. 

11440.  Blootrio  raUways.     Mansfield.     Is.  3d. 

14817.  i>istrtbution  of  olootrloal  energy.     Kennedy.     8d. 

15456.  Welding  metaU  eleotrieally.     Thompson  (Coffin).    6d. 

15482.  Bloetrlo  battoHes.    Lake  (Crosby  Electric  Company).  6d. 


NEW  COMPANIES  REGISTERED. 

Blackpool  Bouth  Shore  Pier  and  Pavilion  Oompaay,  Umitod. 

Registered  by  Field,  Roscoe,  and  Co.,  36,  Lincoln's-inn-fields, 
with  a  capital  of  £60,000  in  £1  shares.  Obiect :  to  erect  at  South 
Shore,   Blackpool,   a  promenade  pier  ana  landing  stage,  with 

gavilion,  concert-room,  swimming  and  other  baths,  etc.  The 
rst  directors  are  G.  Hardy,  Pickering  Lodge,  Timperley ;  H. 
Buckley,  Blackpool ;  James  Cardwell,  Martin,  near  Blackpool ; 
James  Crabtree,  South  Shore ;  U.  Estconrt,  Old  Trafford ;  and 
Robert  Lee,  Manchester. 


Chagford  and  Devon  Blootrio  Light  Company, 

Registered  bv  James  Fleming,  27,  Martin's  lane,  <>knnon-street, 
with  a  capital  of  £2,000  in  £1  shares.  Obiect :  to  carry  on  the 
business  of  electrical  engineers.     Registered  without  articles. 

''Blootrieity  and  Bleotrioal  Bnginoering"  Newspaper  Com 
pany.  Limited. — Registered  by  Bowman  and  Crawley  Boevey, 
21,   Bedford-row,   W.C.,  with  a  capital  of  £500  in  £10  shares. 
Object :    to  establish  a  newspaper  in  the  interest  of  electrical 
science.     Registered  without  articles  of  association. 

Bleotrolytio  Byndioate,  Limited. — Registered  by  the  Metro- 
politan and  Provincial  Syndicate,  Limited,  Lonsdale-chambers, 
27,  Chancery-lane,  with  a  capital  of  £100,000  in  £1  shares.  Object : 
to  carry  into  effect  the  following  agreements :  (1)  an  agreement 
made  October  25  between  William  hamore  and  Alfred  Wells  ;  (2) 
an  agreement  made  October  24  between  Arthur  Cooper  and  Alfred 
Welb  ;  (3)  an  agreement  made  October  25  between  John  Fraser 
and  Alfred  Wells  ;  (4)  an  agreement  made  October  23  between 
Woodhouse  and  Rawson  United,  Limited,  of  the  first  part,  WUUam 
Elmore,  Frank  Elmore,  and  A.  S.  Elmore  of  the  second  part,  and 
Alfred  Wells  of  the  third  part ;  to  carrv  on  as  principals  or  agents 
business  as  miners,  metallurgists,  and  smelters.  Tlie  first  sub- 
scribers are :  Shares. 

J.  J.  Atkinson,  Cosgrove  Priory,  Northants 

W.  Elmore,  47,  Clapham-road,  S.W 

J.  T.  Cooper,  Cregg,  Nightingale-lane,  S.W 

F.  Saffora,  2,  Garaen-court,  Temple  

S.  Evans,  Lonsdale-chambers,  Chancery-lane  

W.  J.  Tipputt,  11,  Maiden-lane,  E.C 

W.  J.  Peck,  Redcar  House,  Redcar    

Registered  without  articles  of  association. 

Bmoot  Soott  and  Mountain,  Limited.— Registered  by  Slaughter 
and  May,  21,  Great  Winchester-street,  E.C.,  with  a  capital  of 
£70,000  in  £10  shares.  Object :  to  carry  into  effect  (1)  an  agree- 
ment, made  October  11,  between  Ernest  Scott,  trading  as  Ernest 
Scott  and  Co.,  and  E.  H.  Turner;  (2)  an  agreement  of  the  same 
date,  made  between  E.  H.  Turner  and  Ernest  Scott ;  (3)  an  Af?ree- 
ment  of  the  same  date,  made  between  E.  H.  Turner  and  WiUiam 
C.  Mountain ;  to  carry  on  the  business  of  electrical  and  general 
engineers,  machine,  and  engineering  tool  makers,  etc.  The  first 
subscribers  are :  Shares. 

P.  W.  Bullock,  19,  Portsea-plaoe,  Connaught-square... 

J.  Aspinall,  34,  Bowman's-buildings,  Edgware-road  ... 

J.  McMab,  Draper's-gardens,  E.C 

W.  A.  Slaughter,  21,  Great  Winchester-street,  E.C.  ... 

D.  Scott,  12,  York-street,  Manchester   

A.  Barttell,  21,  Great  Winchester-street  

S.  E.  Preston,  21,  Great  Winchester-street  

There  shall  not  be  less  than  three  nor  more  than  five  Directors. 
The  first  to  be  appointed  by  the  subscribers  to  the  memorandum 
of  association.    Qualification,  £1,000.      Remuneration,  £200  each. 


CITT   NOTES. 


Braiilian  Bntomarino  Telegraph  Gomiiany.— The  reoeipta  of 
this  Company  for  the  past  week  amounted  to  £5,fi37. 

Wootem  and  Braiilian  Telegraph  Company.— The  receipts 
for  the  past  week,  after  deducting  the  ''fifth"  payable  to  tbo 
London  Platino-Brasilian  Company,  were  £4,421. 


COMPANIES'  STOCK  AMD  SHARE  LIST. 


Anglo-American  Brush 

—  Pref.    

India  Rubber,  Gutta  Pem^  k  Telegraph  (}o 

House-to-House      ^..... 

Metropolitan  Electric  Supply   

London  Electric  Supply 

Swan  United    

Crompton  k  Co.,  Pref, 

National  Telephone    

Slaotrio  Oooatraotion ,      


Frtoe 

Paid. 
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NOTES. 


The  Khojak  Tnimel  Works  are  lighted  by  incandes- 
cents  of  8  c.p. 

Carlsbad  is  to  have  an  electric  railway  miming  between 
the  raUway  station  and  the  town. 

Wrozham.— It  is  stated  that  the  electric  light  is  to  be 
introduced  at  the  post  office  and  St  James's  HalL 

F<dkostone« — ^The  Lighting  Committee  have  been 
instructed  to  present  a  report  as  to  the  electric  lighting 
contract. 

City  Llsrhtlnff,— The  work  by  the  Brush  Electric  Com- 
pany upon  the  City  lighting  is  to  be  commenced  within  the 
next  month. 

Gibraltar  aad  Malta.— Mr.  W.  H.  Preece  has  been 
commissioned  to  report  as  to  the  adoption  of  electric 
lighting  here. 

The  Bnrslem  Town  Council  have  resolved  to  oppose 
the  Electric  Installation  and  Maintenance  Company's  appli- 
cation for  an  order. 

BDnli^  Plant  for  Sweden.— An  electric  mining 
plant  has  been  dispatched  this  week  by  the  (General  Electric 
Traction  Company  to  Sweden. 

Xleetrlo  Traetlon.— The  Halle  (Saxony)  Tramway 
Company  has  adopted  electric  traction  on  the  system  worked 
by  the  Allgemeine  Elektricitats  Oesellschaftb 

CSty  and  Onllds  Institute.— The  Court  of  Common 
Council  has  granted  £500  to  the  institute  for  the  present 
year,  but  not  without  considerable  discussion. 

HaHftiK  (Nova  Sootia).— The  War  Department  are 
considering  the  question  of  fitting  up  electric  lights  in  the 
York  Bedoubt,  at  the  entrance  to  the  harbour. 

Sleotro-Harmonlo  Soelety. — We  would  remind  our 
readers  that  next  Monday  is  the  ladies'  night  at  St.  James's 
Hall  Bestaurant^and  that  a  capital  programme  awaits  them. 

Beotrleal  Power  Transmission. — ^We  notice  that 
Mr.  Gisbert  Kapp,  C.K,  is  to  give  three  lectures  at  the 
Society  of  Arts  on  this  subject  on  February  16  and  23,  and 
March  2. 

Globe  Theatre.  —  Messrs.  Dickinson  and  Co.,  elec- 
tricians, of  Hanway-street,  have  secured  from  Mr.  Norman 
Forbes  a  contract  to  install  the  electric  light  throughout 
the  Globe  Theatre. 

Paris  (1889)  Exhibition. — Dr.  Aron's  meter  has  been 
awarded  a  gold  medal.  The  agents  for  this  meter  in 
England  are  the  General  Electric  Company,  of  71,  Queen 
Victoria-street,  E.C. 

Falmonth. — A  London  syndicate  are  about  to  erect  a 
large  hotel  at  Trefusis,  Falmouth  Harbour,  at  an  estimated 
cost  of  about  jB20,000.  It  is  said  that  the  building  is  to 
be  lighted  electrically. 

Finohley. — ^The  Local  Board  are  considering  the  ques- 
tion of  introducing  electric  fire  alarms.  A  committee  has 
been  appointed  to  report  as  to  lighting  the  parish  by  elec- 
tricity or  other  means. 

Weymersoh  Battery. — The  Weymersch  Electric 
Battery  Syndicate  has  been  just  formed  into  a  limited 
liability  company  with  a  capital  of  £20,000.  The  money 
has  been  privately  subscribed. 

Germany. — ^It  is  stated  that  trials  of  electric  storage 
cars  on  the  short  railway  between  Hildburghausen,  Hald- 
berg,  and  Friedrichshall  have  resulted  satisfactorily  in  spite 
of  the  fact  that  the  inclines  are  heavy. 


Stuttgrart,  like  many  another  town,  is  so  overrun  with 
wires  for  telephonic  and  lighting  work  that  the  administra- 
tion cannot  find  room  for  more  unless  they  go  underground. 
Work  has  been  begun  with  this  object. 

Certlfieates  for  Engine  Drivers. — ^Mr.  Seton- 
Karr's  Bill  to  provide  for  certificates  to  persons  in  charge 
of  steam  engines  and  boilers  on  land  has  been  introduced  in 
the  House  of  Conunons  and  read  a  first  time. 

Bromley  (Kent). — ^Messrs.  Laing,  Wharton,  and  Down 
have  written  to  the  Local  Board  stating  that  as  the  Board 
are  about  to  apply  for  a  provisional  order,  they  themselves 
will  not  proceed  with  the  notice  they  have  given. 

Smoklnff  Oonoert.— The  fifth  smoking  concert  of 
Messrs.  B.  Verity  and  Sons  will  take  place  to-night. 
Andeiton's  Hotel  is  the  meeting  place  this  time,  and  some 
interesting  and  amusing  developments  are  promised. 

BlaokpooL— The  Standard  Contract  Corporation  of 
London,  and  the  local  Aquarium  Company  are  proposing 
to  erect  an  Eiffel  tower  at  Blackpool.  It  will  be  500ft. 
high,  and  will  have  a  turret  fitted  with  a  powerful  arc  lamp. 

Amerloan  Jonmallsm.— The  ElecMc  BaHway  Ad/oer- 
tiser^  pubUshed  at  Boston,  is  one  of  the  latest  productions 
of  the  American  press,  so  far  as  the  applications  of  elec- 
tricity are  concerned.  Its  name  seems  to  have  been  well 
chosen. 

WhIteohapeL— The  District  Board  of  Works  decided 
at  a  recent  meeting  to  apply  for  an  order.  They  expect  to 
be  able  to  utilise  the  heat  of  their  destructor  for  generating 
steam  up  to  100  h.p.,  with  which  they  would  begin  their 
lighting. 

Bonmemonth. — ^At  the  meeting  of  the  Town  Council 
on  Tuesday  it  was  reported  that  the  Brush  Company 
intended  to  place  their  wires  underground.  The  surveyor 
having  reported  on  the  matter,  its  furthei  consideration 
was  deferred. 

Edison  Continental  Company. — ^M.  Meyer,  civil 
engineer,  who  was  concerned  in  the  erection  of  the  Halles 
installation  at  Paris,  has  been  appointed  manager  of  the 
Edison  Continental  Company.  He  will  enter  on  his  duties 
as  from  the  1st  January. 

Australian  Cable  Guarantee. — ^A  Beuter  telegram, 
dated  Dec.  3,  says  that  the  Government  of  South  Australia 
requires  that  the  existing  cable  tariff  shall  be  maintained 
for  Queensland  and  New  Zealand,  or  that  a  guarantee  shall 
be  given  against  possible  loss. 

City  and  Sonth  London  Railway. — The  Austrian 
Minister  of  Commerce  is  going  to  send  two  engineers  to 
London  to  study  the  method  of  constructing  and  working 
this  line  with  a  view  to  utilising  the  experience  so  gained 
in  the  projected  Vienna  Metropolitan  Bailway. 

Eleotrlo  BUnlnff. — ^At  the  Standard  Tin  Mine's 
meeting  the  other  day,  we  notice  that  the  chairman 
reported  great  progress  in  their  work,  and  attributed  the 
success  achieved  in  great  part  to  the  Immisch  electric  plant 
of  25  h.p.,  which  was  installed  in  their  mines  last  year. 

BInlllnfirar. — In  another  column  will  be  found  the 
tenders  sent  in  for  lighting  MuUingar  District  Lunatic 
Asylum  by  means  of  electricity.  It  will  be  noticed  that 
there  is  a  wide  difference  between  the  amount  of  the  highest 
and  the  lowest  tenders.  The  accepted  tender  has  not  yet 
been  made  known. 

Salisbury. — Some  correspondence  has  been  appearing 
in  the  local  press  in  which  suggestions  have  been  made 


492        THE  ELECTRICAL  ENGINEER,  DECEMBER  6,  1890. 


that  the  town  should  be  lighted  electrically.  Seeing  that 
Salisbury  is  favourably  situated  with  regard  to  the  utilisa- 
tion of  water  power,  the  Corporation  have  a  chance  of 
getting  their  motive  power  cheap. 

The  Telephone  in  Torquay. — The  Western  Counties 
Telephone  Company  are  going  ahead  in  this  district,  and 
subscribers  are  increasing.  In  case  of  fire  in  the  neighbour- 
hood, on  any  day  except  Sunday,  all  that  is  necessary  is  to 
call  up  the  exchange  and  shout  "  fire.''  The  operator  at 
once  summonses  the  brigade,  and  a  great  deal  of  valuable 
time  is  saved. 

A  Lunirlons  Yaeht.— The  ''Electra,"  the  boat 
belonging  to  Commodore  Oerry,  of  the  New  York  Yacht 
Club,  is  a  model  in  her  way.  She  has  an  electric  engine, 
150  incandescent  lights,  electric  headlight  of  15,000  c.p., 
electric  apparatus  for  firing  the  guns  in  starting  regattas, 
ce  machine  capable  of  making  501b.  daily,  and,  in  fact, 
every  modern  convenience. 

Seville* — ^A  central  station  has  been  put  up  here.  Belle- 
ville boilers  are  used  to  generate  steam  for  four  Offmann 
compound  vertical  engines  supplied  by  the  Oerlikon  Com- 
pany, which  drive  four  compound  Brown  dynamos  giving 
480  amperes  and  110  volts.  Underground  cables  are  used, 
and  the  switches  and  other  regulating  apparatus  is  by 
Woodhouse  and  Bawson. 

Olasffow  Bleotric  Care. — It  appears  that  the 
Glasgow  Tramway  Company  are  going  to  introduce  accu- 
mulator cars  on  their  lines.  The  recent  action  of  the 
Glasgow  Corporation  has  forced  their  hands,  for  it  would 
seem  to  be  settled  by  the  authority  that  if  the  tramway 
company  do  not  introduce  electricity  the  Corporation  will. 
Six  cars  will  be  tried  at  first 

Royal  Institution. — The  arrangements  before  Easter 
include  six  lectures  on  "  The  Forces  of  Cohesion,"  by  Lord 
Bayleigh.  The  Friday  evening  meetings  will  begin  on 
January  23,  when  Lord  Bayleigh  will  discourse  on  "  Some 
Applications  of  Photography."  Succeeding  lectures  will 
probably  be  given  by  Prof.  A.  Schuster,  Dr.  J.  A.  Fleming, 
Prof.  W.  E.  Ayrton,  and  others. 

Cheltenham. — At  a  recent  lecture  given  at  the  School 
of  Science  by  Mr.  H.  Matthews,  the  Western  Counties 
Telephone  Company  connected  the  lecture-room  with 
Swansea,  Bristol,  Llanelly,  etc.,  and  also  with  the  offices  of 
the  Cheltenham  Chronicle^  a  reporter  taking  notes  of  the 
meeting  by  this  means.  The  usual  music  playing  and  con- 
versation went  on  between  Cheltenham  and  the  towns  above 
mentioned. 

Haatpetead. — The  Hampetead  Vestry  has  resolved  to 
oppose  all  applications  from  companies  or  firms  for  orders. 
At  the  same .  time  the  Vestry  has  empowered  its  Electric 
Lighting  Committee,  of  wluch  Mr.  F.  E.  Baines,  C.B.,  is 
chairman,  to  expend  not  more  than  a  hundred  guineas  in 
obtaining  a  plan  and  estimate  from  a  specialist  with  a  view 
of  guiding  the  Vestry  as  to  the  advisability  of  undertaking 
the  work  itself. 

Bamsley. — ^At  the  last  meeting  of  the  Town  Council 
the  town  clerk  submitted  the  draft  of  the  proposed  con- 
tracts with  the  Westinghouse  Electric  Company,  which  it 
was  stated  provided  that,  with  the  exception  of  engines  and 
dynamos,  the  materials  required  should  be  made  in  England. 
The  erection  of  the  plant,  we  learn,  has  not  yet  been 
actually  begun,  but  the  preparations  are  being  actively 
pushed  forwards 


Nottingham. — The  Corporation  having  obtained  an 
order  propose,  subject  to  the  sanction  of  the  Board  of 
Trade,  to  transfer  their  powers  to  anyone  willing  to  under- 
take them.  Persons  or  companies  who  would  wish  to  do 
so  are  asked  to  send  in  their  names  and  addresses  to  the 
Town  Clerk,  Guildhall,  Nottingham,  on  or  before  the  15th 
inst  An  advertisement  referring  to  the  matter  will  be 
found  elsewhere. 

Liverpool  Eleotrio  Care.— It  will  be  remembered 
that  a  very  complete  test  was  made  over  all  the  Liverpool 
tram  lines  with  an  accumulator  car  some  months  ago.  The 
result  of  this  testing  seems  to  have  been  satisfactory,  and  a 
new  steel  underframe  car  is  now  in  course  of  construction 
at  the  Metropolitan  Carriage  and  Wagon  Works  for  actual 
use  on  the  Liverpool  roads.  The  car  will  be  fitted  with 
two  motors,  one  on  each  axle. 

Ferranti  Mains. — ^A  very  good  view  of  the  exterior 
of  the  famous  Ferranti  mains  is  kept  constantly  before  the 
eyes  of  the  engineers  at  the  Brush  Company's  works  and 
visitors  thereto.  Here  the  four  mains  rise  from  the 
ground  and  scale  the  wall  of  the  Charing  Cross  railway 
bridge.  Those  interested  who  have  an  occasion  to  go  to 
Lambeth,  and  have  not  yet  seen  these  mains,  may  thus 
have  an  early  opportunity  of  satisfying  their  curiosity. 

Royal  Sooiety  of  Sdinbnrgh. — ^The  opening  meet- 
ing of  the  hundred  and  eighth  session  was  held  on 
Monday  evening.  Prof.  Sir  Douglas  Maclagan,  the  new 
president,  in  the  chair.  Sir  Douglas  paid  a  hearty  tribute 
to  the  retiring  president,  Sir  William  Thomson,  now  P.KS. 
While  second  to  none  in  the  ranks  of  pure  science,  Sir 
William  Thomson  was  without  a  rival  in  the  technical 
application  of  some  of  its  most  recondite  principles,  said  Sir 
Douglas. 

Old  Stndente'  Aeeoeiation  Smoking  Ckinoert. — 

A  most  enjoyable  concert  was  held  at  the  Mason's  Hall 
Tavern,  Basinghall-street,  on  Friday  evening,  November  28. 
The  programme  included  violin  solos  by  Mr.  Gatehouse ; 
"  My  Queen,"  by  Mr.  Howden  Tingey ;  "  Off  to  Phila- 
delphia," by  Mr.  John  Barton ;  "  The  Bedouin's  Love 
Song,"  by  Mr.  Gordon  Heller;  musical  sketch  by  Mr. 
Charlton  Fry,  etc.  We  understand  that  after  Christmas 
there  will  be  a  series  of  a  similar  nature,  and  we  hope  they 
will  be  as  successful  as  the  last 

Inetitntion  of  Eleetrioal  Bnglneere. — The  annual 
general  meeting  will  be  held  at  the  Institution  of  Civil 
Engineers  on  Thursday  next,  at  8  p.m.,  for  the  reception  of 
the  annual  report  of  the  council,  and  for  the  election  of 
council  and  officers  for  the  year  1891.  The  papers  on 
'*The  Efficiency  of  Secondary  Celk,"  and  <<  On  the 
Chemistry  of  Secondary  Cells,"  by  Prof.  W.  E.  Ayrton, 
F.RS.,  vice-president,  C.  G.  Lamb,  B.Sc.,  and  K  W.  Smith, 
associates,  will  be  further  discussed. 

S8.  '^iUlTertown/' — This  telegraph  steamer,  owned 
by  the  India  Rubber,  Gutta  Percha,  and  Telegraph  Works 
Company,  is  reported  to  have  arrived  at  Coronel  (Chili)  on 
November  25.  It  will  be  remembered  that  she  carries  the 
submarine  cable  for  extending  the  Central  and  South 
American  Telegraph  Company's  lines  from  Lima,  where 
they  at  present  terminate,  to  Yquique  and  Yalparaiao. 
Later  news,  dated  December  1,  from  New  York  says  that 
the  "  Silvertown  "  had  arrived  at  Yalparaiso. 

Nimes  and  Troyee  (Franoe).— The  Compagnie 
Nationale  d'Electricit^,  which  has  the  concession  for  light 
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iog  Nimes,  is  about  to  begin  work,  and  it  is  hoped  that  the 
lights,  2,000  in  number,  will  be  running  in  four  or  five 
months.  The  total  station  capacity  is  between  5,000  and 
6,000  lamps.  The  company's  station  at  Troyes,  which  was 
opened  in  August  last,  supplied  current  during  October  to 
1,100  lamps  on  an  average,  in  November  about  2,000  lamps 
were  in  circuit ;  6,000  is  the  total  capacity.  The  Ferranti 
system  is  employed. 

Sir  Wm.  ThomsMMi,  P.R.S.— All  the  world  knows 
that  the  new  president  of  the  Royal  Society  is  Sir  William 
Thomson,  who  succeds  Sir  O.  G.  Stokes.  This  election 
will  give  universal  satisfaction  to  all  electricians  who  speak 
the  English  language,  for  a  man  more  renowned  both  for 
practical  work  and  scientific  research  cannot  be  named  in 
this  or  any  other  tongue.  The  presidentship  of  the  Boyal 
Society  is  the  very  highest  honour  that  can  be  bestowed 
upon  English  scientific  men  by  English  scientific  bodies, 
and  Sir  William  Thomson  is  a  worthy  recipient  of  it 

Guttaperoha  has  been  rapidly  getting  dearer  as  the 
demand  grew,  and  the  supply  showed  signs  of  diminution. 
The  tree  does  not  mature  quickly,  and  as  it  has  to  be  cut 
down  before  the  juice  is  extracted,  the  stock  is  getting  low 
in  spite  of  planting.  We  give  the  quantity  imported  and 
its  value  during  the  last  four  years : 

1887  24,145  cwt   £156,563 

1888  22,483    „      181,660 

1889  48,042    „      576,896 

1890  (10  months)  60,494    „      686,013 

Oas  XngineB. — Recent  progress  has  been  made  in  large 
gas  engine  plants  by  Messrs.  Dick,  Kerr,  and  Co.,  who  are 
now  building  twin  double-acting  gas  engines  of  120 
brake  h.p.,  to  be  driven  by  Dowson's  governor,  a  combina- 
tion which,  as  is  well  known,  became  a  very  serious  rival 
to  the  steam  engine  both  in  point  of  cost  and  convenience 
of  running.  An  electric  light  pknt  has  been  lately  erected, 
with  one  of  these  engines  of  85  brake  h.p.,  in  which  the 
governing  is  so  regular  and  close  that  any  number  from  two 
to  600  16-c.p.  lamps  have  been  run  direct  without  appreci- 
able variation  in  light. 

The  Square  DrllUiiff  Machine.— The  statutory 
meeting  of  the  shareholders  in  the  Square  Drilling  Machine 
Company  was  held  a  day  or  two  since.  The  chairman, 
among  other  things,  mentioned  that  they  had  appointed 
Mr.  Claridge  *u  their  manager,  and  that  he  had  visited  the 
chief  engineering  centres  in  the  provinces  and  had  obtained 
orders  to  an  extent  which  showed  they  were  earning  rather 
more  than  would  pay  for  working  expenses.  They  had 
already  obtained  15  orders,  two  of  which  were  for  the 
French  Government  We  described  and  illustrated  this 
machine  in  our  issue  for  July  18  (No.  3,  Vol  YI.). 

The  Xdinhnrgh  Bzhibitlen. — A  committee  of  the 
Dundee  Town  Council  is  considering  to  whom  it  shall  pay 
its  £200  guarantee.  The  British  Linen  Bank  and  the 
exhibition  liquidator  both  want  it,  but  Dundee  is  not  going 
to  pay  twice,  and  the  committee  won't  hand  over  until 
they  are  secured  from  such  an  undesirable  result.  Messrs. 
A.  Drysdale  (one  of  the  building  contractors),  Mr.  A.  B. 
Brown  (of  King,  Brown,  and  Co.)  and  Mr.  N.  Grieve,  of 
Edinburgh,  have  been  appointed  a  committee  of  creditors, 
with  whom  the  liquidator,^  Mr.  J.  A.  Robertson,  can  consult. 
The  exhibition  buildings  are  to  be  taken  down  in  sections 
and  sold  by  auction  from  time  to  time. 

The  Eztensien  of  the  Telephone.— The  following 
paragraph  from  a  Scotch  papier  may  be  taken  as  the  first 
signs  of  the  coming  fight :  "  During  the  last  three  weeks 


Mr.  A.  Erskine  Muirhead,  Cart  Forge,  Crossmyleef,  has 
been  erecting  long  stretches  of  wire  in  Yorkshire,  Lanca- 
shire,  London,  Belfast^  and  Glasgow  and  neighbourhood,  to 
which  he  will  attach  the  new  French  telephones  at  the 
beginning  of  next  month.  Mr.  Muirhead  is  also  making 
arrangements  to  connect,  by  direct  private  wires,  a  large 
number  of  coal  pits  in  the  Motherwell,  Hamilton,  and 
Wishaw  district  with  the  offices  in  Glasgow.  Inter-com- 
munication is  being  edtablished  in  many  large  places  of 
business.  The  insulators  and  battery  are  of  French  manu- 
facture." 

Phosphorus  Works. — The  new  works  at  Wednes- 
field  for  the  manufacture  of  phosphorus  by  the  Electrical 
Construction  Corporation's  process  are  now  practically 
completed.  A  trial  run  of  the  machinery  last  week  gave 
satisfactory  results.  The  works  consist  of  boiler-house, 
engine  and  dynamo-house,  retort-room,  and  battery-house. 
There  are  three  Babcock,  Wilcox,  and  Co.'s  tubular  boilers, 
into  which  the  water,  supplied  from  a  large  private  tank, 
is  pumped  by  two  Worthington  pumps  after  passing  through 
an  economises  The  engine,  one  of  Yarrow's,  is  of  700  h.p., 
marine  type,  and  similar  to  those  in  use  on  torpedo  boats. 
The  machinery  consists  of  a  400-unit  alternating  dynamo, 
which  is  excited  by  an  18-unit  dynamo.  This  also  charges 
the  accumulators,  by  means  of  which  the  works  are  lighted. 

Edinburgh. — The  following  is  the  compulsory  area 
under  the  Corporation's  order,  as  given  in  their  "  notice  of 
intention  " — viz. :  Abercromby-place,  Ainslie-place  (south- 
eastern portion),  Atholl-place,  Chambers-street,  Charlotte- 
square  (north  and  east  sides),  Charlotte-street  (south), 
Coates-crescent,  Coates-place,  Darnaway-street,  Drums- 
heugh-gardens  (from  Rothesay-place  to  Drumsheugh-place), 
Drumsheugh-place,  Erskine-place,  Forrest-road,  George- 
street,  Glenfinlas-street,  Great  Stuart-street,  Greyfriars- 
place,  Heriot-row,  Lindsay-place,  Maitland-street,  Melville- 
place,  Moray-place  (from  Great  Stuart-street  to  Darnaway- 
street),  North  Bridge,  Palmerston-place  (from  Coates-place 
to  Rothesay-place),  Princes-street,  Queensferry-street,  Ran- 
dolph-crescent (southern  portion),  Rothesay-place,  St. 
Andrew's  square,  Shand wick-place,  South  Bridge  (from 
High-street  to  Chambers-street). 

Leeds. — The  Corporate  Property  Committee  has  resolved 
*'  that  stock  be  taken  of  all  plant,  loose  articles,  engine, 
dynamos,  globes,  and  leads,  both  in  stock  and  in  the 
Town  Hall  and  Municipal  Buildings,  at  its  present  value  as 
a  going  concern ;  that  the  balance  of  the  money  granted  to 
the  Electric  Lighting  Committee  be  placed  to  the  credit  of 
this  committee  ;  that  the  Fine  Art  Gallery,  the  rate  offices, 
and  the  several  offices  in  the  Municipal  Buildings  have  a 
correct  account  taken  of  the  number  of  lamps  in  each 
department ;  that  a  correct  account  be  kept  of  all  wages  and 
expenses  of  everything  connected  with  electric  lighting, 
and  that,  so  far  as  possible,  an  account  shall  be  taken  of  the 
number  of  hours  the  lights  in  each  room  are  burning  and 
the  number  of  burners  in  each  room ;  and  that  a  debit  and 
credit  account  be  formed,  so  as  to  arrive  as  near  as  can  be 
at  the  cost  of  electricity  per  lamp  per  hour." 

Ship  Ltffhtinflr.— The  '<  Gera,"  built  for  the  Norddeut- 
scher-Lloyd  Company  of  Bremen,  5,400  tons,  is  lighted 
throughout  by  means  of  electricity;  so  is  the  "  Tosari,"  built 
for  the  Deutsch  DampfschifiPs  Rhederei  of  Hamburg;  and  the 
**  Naiad,"  second-class  cruiser  for  the  Government,  launched 
from  the  yard  of  the  Naval  Construction  and  Armament 

I  Company,  of  Barrow,  the  third  from  the  same  works,  on 
Saturday  last.    The  Red  Star  liner  *' Indiana"  has   ust 
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been  overhauled  by  Messrs.  D.  and  W.  Henderson,  Par- 
tick.  A  complete  installation  of  electric  light  has  also  been 
fitted  up  by  Messrs.  J.  H.  Holmes  and  Oo.,  Newcastle-on- 
Tyne  and  Glasgow.  The  installation  consists  of  122 
16-c.p.  incandescent  lamps,  supplied  from  one  of  Messrs. 
Holmes's  slow  speed  dynamos,  coupled  direct  to  a  vertical 
engine  running  at  a  speed  of  300  revolutions  per  minute. 
All  the  wire  used  is  covered  with  lead  sheathing. 

Street  Uffhtliiff.— The  Journal  of  Oas  Lighting  says  : 
"The  true  standard  of  sufficiency  in  street  lighting,  beyond 
which  extravagance  commences,  varies  in  different  places 
mainly  according  to  the  amount  of  traffic;  but  while 
difficult  to  define,  it  is  easy  to  realise.  Lighting  which 
enables  foot  passengers  to  make  their  way  quickly  and 
safely  along  side  walks,  and  especially  to  cross  roadways 
with  fair  assurance  of  security,  is  good  enough  for  its  pur- 
pose." The  first  sentence  is  general  enough  to  pass.  But 
we  don't  find  that  the  definition  contained  in  the  second 
sentence  has  yet  been  learned  by  gas  engineers.  The  light- 
ing of  our  suburban  streets  is  of  that  negative  kind  which 
is  said  to  make  darkness  visible.  Foot  passengers  certainly 
cannot  be  said  to  be  able  to  cross  roadways  in  suburban 
London  with  even  a  "  fair  assurance  of  security  "  (we  pause 
to  point  out  the  qualifying  adjective),  so  unutterably 
deficient  is  the  light  Uiere  provided. 

Llffhtliiff  and  Traotien  in  Italy. — ^A  peculiar 
installation  for  lighting  and  traction  was  opened  a  few 
weeks  ago  between  Pazzala  and  Lugano,  in  Italy.  A 
waterfall  supplies  the  water  conducted  through  iron  pipes 
to  the  generating  station,  where  two  Girard  turbines  of 
300  h.p.  each  drive  two  dynamos,  one  for  continuous  and 
the  other  for  alternating  current^  the  former  working  the 
tramway  motor,  the  latter  supplying  1,500  glow  lamps  of 
16  c.p.  each  at  the  hotel,  the  tramway  line,  and  at  private 
buildings.  The  double  track  is  one  mile  in  length,  and  is 
worked  by  a  cable  I'din.  diameter,  supported  by  wooden 
rollers,  one  branch  of  the  cable  attached  to  the  ascending, 
the  other  to  the  descending  car,  each  of  them  weighing  4^ 
tons.  The  generating  dynamo  gives  60  h.p.  at  1,800  volts, 
and  22  amperes  for  700  revolutions  per  minute.  The  electric 
motor  for  the  cable  produces  40  h.p.  at  700  revolutions,  so 
that  the  efficiency  of  the  transmission  will  be  66  per  cent, 
the  conductor  being  an  overhead  wire  0'2in.  diameter, 
carried  on  oil  insulators.  A  spare  steam  plant  of  50  h.p. 
is  provided  in  case  of  failure  of  water  supply. 

Paddlnirton. — ^At  a  recent  meeting  of  the  Vestry, 
Colonel  Barchard,  C.6.,  presented  a  report  of  the  Electric 
Lighting  Committee,  and,  in  answer  to  a  question,  explained 
that  if  the  Metropolitan  Electric  Supply  Company  did  not 
comply  with  the  provisional  orders  they  were  liable  to  a 
forfeiture  of  a  certain  amount  of  money.  They  had  de- 
posited £20,000,  and  had  taken  a  site  at  St  Peter's-park, 
Amberley-road,  at  a  cost  of  £6,500,  and  the  machinery 
would  come  to  another  £7,000.  They  wanted  this  £13,000 
deducted  from  the  £20,000  as  a  set-off,  but  the  committee 
thought  that  in  the  interests  of  the  parish  this  should  not 
be,  as  there  would  be  no  guarantee  should  the  site  be  used 
for  any  other  purpose  than  for  lighting  Paddington,  but 
whatever  the  Vestry  did,  the  Board  of  Trade  had  the 
power  to  withdraw  the  concession  to  the  company  if  they 
did  not  carry  out  the  provisions.  He  was  pleased  to  inform 
the  Vest»9^J;hat  the  £20,000  had  been  lodged.  The  solicitor 
had  also  drawn  up  the  agreement,  and  he  would  ask  the 
Vestry  to  afiix  the  seal  to  the  same.  The  report  and  agree- 
ment were  apcepted  and  entered  on  the  minutes. 


Theatre  Lighting. — On  Monday  night,  December  1, 
a  new  theatre  of  varieties,  the  Empire,  was  opened  in  New- 
castle-upon-Tyne. The  electric  installation  is  by  Messrs. 
B.  J.  Charlton  and  Co.,  of  that  town.  In  the  centre  dome 
of  the  auditorium  is  a  handsome  gilt  electrolier  of  21 
32-c.p.  lamps,  and  in  the  form  of  spandrels  round  the  dome 
are  four  other  electroliers  to  match  the  centre,  each  having 
three  50-c.p.  lamps.  Over  the  promenade,  balcony,  and  in 
the  private  boxes  are  suspended  wrought-brass  sus- 
pensions with  amber  shades,  which  give  a  rich 
and  soft  light  Bound  the  back  of  the  pit  and 
balcony  are  placed  24  two-light  brackets,  and  in  the 
front  of  the  balcony  are  three-light  brackets,  the  whole 
being  gilded  to  match  the  other  fittings.  The  various 
refreshment-rooms,  staircases,  and  offices  have  similar 
fittings.  The  footlights  consist  of  18  25-cp.  lamps  in 
enamelled  iron  parabolic  shades.  Instead  of  limelights 
there  are  two  automatic  mirror  arc  lamps.  The  whole  of 
the  lights  in  the  house  are  controlled  from  a  switchboard 
on  the  stage.  The  lessees  of  the  theatre  express  themselves 
as  highly  pleased  with  the  installation,  which  is  said  to 
have  been  very  satisfactorily  carried  out  by  the  contractors. 

Heekmendwike  (Tork8.)»— A  special  meeting  of  the 
Heckmondwike  Local  Boaid  was  held  on  Monday  nighty  to 
consider  whether  the  Board  should  apply  for  an  order. 
The  report  of  the  committee  appointed  to  enquire  into  the 
matter  was  read,  showing  the  total  outlay  tor  plant,  etc., 
would  be  about  £3,600,  whilst  the  cost  of  maintenance 
would  be  slightly  under  the  cost  of  gas  at  double  the 
present  standard  of  illuminating  power.  No  recommenda- 
tion was  made,  but  a  lot  of  statistical  information  was 
given,  showing  the  successful  working  of  the  light  in  other 
towns.  A  resolution  was  moved  and  seconded  that  the 
necessary  powers  be  applied  for.  The  contention  of  the 
supporters  of  the  resolution  was  that  the  Board  should 
possess  the  power,  and  then  they  would  be  in  a  position  to 
allow  any  private  company  to  undertake  the  carrying  out 
of  a  scheme,  or  carry  one  out  themselves,  if  necessary. 
There  appeared  to  be  no  disposition  to  enforce  the  adoption 
of  a  scheme,  the  only  desire  being  to  get  an  order  enabling 
the  Board  to  deal  with  the  matter.  After  some  discussion, 
during  which  an  amendment  was  moved  and  seconded,  but 
not  carried,  the  motion  was  withdrawn  in  favour  of  one 
adjouining  the  matter  until  next  Monday,  when  it  will  be 
again  considered. 

Overhead  Wires  and  Sabwaans. — ^In  a  petition 
presented  to  the  Local  Government  Board  by  the  Strand 
Board  of  Works,  the  petitioners  contend  that  the  public 
interests  require  that  the  control  over  the  streets  and 
pavements  shall  be  so  vested  in  the  various  local  authorities 
in  the  metropolis  as  to  enable  them  to  make  proper 
regulations  as  to  the  breaking  up  or  disturbing  of  the 
streets  and  pavements  in  their  several  districts.  With 
regard  to  subways,  it  is  urged  that  further  powers  should 
be  conferred  for  making  and  maintaining  oUier  subways  in 
streets,  and  that  provisions  should  be  made  requiring  that 
such  subways  should  be  used  for  the  reception  of  pipes, 
wires,  and  the  like,  instead  of  such  streets  being  from  time 
to  time  thus  broken  up  and  interfered  with.  The 
petitioners  also  complain  of  the  danger  and  inconvenience 
arising  from  overhead  wires  and  cables  owing  to  their 
being  no  efficient  system  of  control  or  regulation,  and  ask 
for  additional  powers  to  enable  them  to  deal  with  the 
same.  They  ask  that  aU  the  above  suggestions  may  be 
embodied  in  any  Bill  that  may  be  introduced  into  Parlia- 
ment for  the  creation  of  district  councils,  and  that  such 
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diBtaict  councils  Bhould  be  the  local   authority  for  the 
purposes  aforesaid. 

ComiireBaed  Hide  Gtoaiinff, — By  a  further  develop- 
ment of  the  compressed  hide  process  for  making  gear 
wheels,  Mr.  T.  Taylor,  of  Manchester,  can  now  produce 
wheels  up  to  any  size  within  practical  limits.  For  the 
larger  gears  the  body  of  the  wheel  is  constructed  of  iron  or 
steeL  On  the  face  of  the  wheels  dovetails  are  cut  at  the 
required  intervals  to  receive  teeth  manufactured  of  raw 
hide,  these  being  forced  into  dovetails  by  hydraulic  pres- 
sure, the  teeth  passing  from  edge  to  edge  of  the  face.  After 
the  teeth  have  been  forced  into  position  they  are  cut  to  the 
exact  pitch  required,  and  then  on  each  side  of  the  wheel  a 
steel  rim  shrouding  the  teeth  is  secured  by  steel  pins 
to  each  tooth,  this  rim  being  otherwise  loose  on  the  wheel. 
The  advantage  of  this  arrangement  is  that  the  pressure  on 
any  particular  tooth  is  distributed  by  means  of  the  rim 
over  the  whole  of  the  teeth,  which,  from  the  nature  of  the 
material  out  of  which  they  are  manufactured,  possess  a 
slightly  elastic  charactex.  The  first  wheel  of  this  kind  that 
has  been  produced  has  just  been  turned  out  for  the 
Electric  Traction  Company,  to  be  used  as  the  main  driving 
wheel  on  one  of  their  tramcars.  This  wheel  is  lin.  pitch, 
with  a  2|in.  face,  and  is  2ft.  in  diameter.  The  firm  have 
enquiries  for  similar  wheels  up  to  very  much  larger  sizes 
than  this. 

Birmiaigliaiii. — ^The  Public  Works  Committee  are  con- 
sidering, amongst  other  matters,  notices  of  intention  to 
apply  for  orders  by  the  Birmingham  Electric  Supply  and 
the  House-to-House  Company.  The  former  wish  to 
enlarge  their  area  by  including  Moor-street,  Bull  Ring, 
and  Stephenson-street  The  latter  have  amended  their 
order  so  as  to  exclude  that  part  of  the  town  already 
supplied  by  the  other  company.  It  is  stated  that  a  large 
portion  of  the  Council  feel  that  the  Supply  Company  should 
not  be  interfered  with  in  their  venture,  and  that  if  the 
results  of  the  lighting  in  their  portion  of  the  city  should 
prove  satisfactory,  any  further  extension  of  electric  lighting 
should  be  carried  out  by  the  Corporation,  and  not  by 
private  companies.  At  a  recent  meeting  of  the  Town 
Council,  the  Mayor  remarked  that  they  had  made  a  conces- 
sion to  a  bond  fide  local  company,  which  was  getting  on 
very  successfully.  A  plant  was  being  put  down  for  5,000 
lights,  1,700  had  been  already  let,  and  negotiations  were 
in  progress  for  the  letting  of  others.  The  electric  light 
would  be  an  accomplished  fact  in  Birmingham  before  the 
end  of  January.  We  may  echo  the  hope  of  a  member  of 
the  Council — ^namely,  that  motors  won't  be  far  behind  the 
light  There  ought  to  be  a  wide  field  for  their  employment 
in  Birmingham.  The  central  electric  light  station  at 
Birmingham  is  now  progressing  rapidly.  The  roof  is  now 
on  and  three  of  the  engines  are  being  fixed.  The  mains 
have  been  under  process  of  laying  for  some  time,  and  it  is 
hoped  that  lighting  may  be  commenced  soon  after 
Christmas. 

New  Cables, — A  fourth  cable  has  been  laid  by  the 
Eastern  Telegraph  Company  from  Suez  to  Aden,  a  distance 
of  1,400  miles,  and  by  May  next  a  third  cable  will  be  laid 
from  Aden  to  Bombay,  a  distance  of  close  on  2,000  miles. 
The  Eastern  Extension  has  duplicated  its  cable  from  Madras 
to  Penang,  which  are  1,500  miles  apart.  There  are  now 
three  cables  between  London  and  Australia,  two  extending 
from  Java  to  Port  Darwin,  and  the  third,  which  was  laid 
last  year,  from  Java  to  Boebuck  Bay.  Besides  these  exten- 
sions, negotiations,  says  the  Pail  MM  Gaxette,  are  in  pro- 


gress for  the  laying  of  a  cable  to  connect  Madagascar  and 
the  Mauritius  with  the  Eastern  and  South  African  Com- 
pany's cable  at  Zanzibar.  (This  was  mooted  several  years 
ago.)  On  the  coast  of  South  America  the  Western  and 
Brazilian  Company  are  doubling  the  line  fromRiode  Janeiro 
to  Buenos  Ayres,  and  nearer  home  we  have  just  had  600  miles 
of  new  cable  laid  by  the  Great  Northern  Company  between 
the  North  of  England  and  Sweden.  Business  is  being 
done  more  and  more  by  telegraph,  and  as  it  must  be  com- 
pressed into  a  few  hours  each  day  this  multiplication  of 
cables  becomes  a  necessity.  All  the  American  messages, 
for  instance,  are  confined  practically  to  six  hours  out  of 
the  24,  and  for  the  other  18  the  cables  may  be  said  to 
lie  idle.  While  they  are  at  it  it  is  a  rush.  Messages 
and  replies  cross  and  recross  the  Atlantic  in  a  few 
minutes  at  that  busy  time  of  the  afternoon,  when  the 
Stock  Exchanges  of  London  and  New  York  are  feeling  each 
other's  pulses,  and  the  arbitrage  dealers  are  striving  to 
grasp  the  turn  of  the  market.  From  the  Far  East  and 
Sydney  it  is  possible  to  get  a  message  through  in  a  quarter 
of  an  hour,  but  in  practice  the  time  is  about  three  hours. 
The  aim  is  to  have  all  the  business  through  by  four  or  five 
o'clock,  so  that  the  senders  may  have  replies  before  them 
in  the  morning. 

The  Royal  Soeiety. — ^The  anniversary  meeting  of 
this  society  was  held  on  Monday  at  Burlington  House, 
when  the  president  and  the  council  for  the  ensuing  session 
(the  list  will  be  found  in  our  Notes  of  November  14)  were 
elected.  The  retiring  president  referred  to  the  Joule 
Memorial,  and  said  that  the  treasurer  of  the  committee  had 
handed  over  to  the  Royal  Society  about  XI, 400.  He 
expressed  his  strong  regret  at  the  closing  of  his  official  con- 
nection with  the  society,  which  had  lasted  36  years,  during 
five  of  which  he  had  been  its  president.  He  then  presented 
medals  to  the  following  among  others:  Dr.  Hertz,  the 
Bumford  medal,  for  researches  in  electromagnetic  radia- 
tion ;  and  Dr.  John  Hopkinson,  a  Royal  medal  for  re- 
searches in  magnetism  and  electricity.  In  the  evening  the 
usual  dinner  was  held  at  the  Hotel  Metrop61e,  the  new 
president,  Sir  William  Thomson,  in  the  chair.  In  re- 
sponding to  the  toast  of  "  The  Royal  Society,"  Sir  William 
said  it  was  indeed  the  crown  of  his  life  to  be  called  on  to 
reply  on  behalf  of  the  society,  which  had  now  been  before 
the  world  for  250  years  as  the  great  promoter  of 
science  in  the  United  Kingdom.  He  would  not  forget^ 
however,  in  the  presence  of  the  Italian  Ambassador, 
that  it  had  been  preceded  by  scientific  institutions  in 
Italy,  the  Academia  of  Florence,  and  the  various 
societies  which  followed  the  teaching  of  Galileo.  Having 
referred  to  the  earlier  history  of  the  society  and  Newton's 
connection  with  it,  Sir  William  concluded  by  expressing 
his  appreciation  ot  the  high  honour  conferred  upon  him  in 
making  him  the  successor  of  Sir  Gkibriel  Stokes.  He  then 
proposed  the  **  Medallists."  Dr.  Hopkinson  was  the  first  to 
reply  to  this,  and  said  that,  referring  to  our  conMres  on 
the  Continent,  if  he  had  been  obliged  to  obtain  the 
sanction  of  a  Gk)vernment  Department  to  make  experiments, 
or  to  make  them  in  a  licensed  place,  it  was  very  little  ex- 
perimental work  he  could  have  done,  and  he  should  not 
have  been  in  the  proud  position  of  one  of  the  medallists 
that  evening.  He  owed  to  Sir  William  Thomson,  who  had 
been  the  kindest  of  friends,  the  first  impulse  to  experi- 
mental work  in  electricity  and  magnetism.  Dr.  Hertz  also 
responded  to  the  toast,  and  paid  a  tribute  to  Prof. 
Lodge,  of  Liverpool,  and  other  investigators  in  the  same 
line  of  research. 
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NOTES  ON  ECONOKT  IN  CONDUCTORS  IN 
SYSTEMS  OF  DISTRIBUTION  OF  ELECTRICAL 
ENERGY* 


In  coDsidering  what  economies  it  is  possible  to  introduce 
into  a  system  of  conductors  laid  down  for  the  distribution 
of  electrical  energy,  one  has  at  the  outset  to  consider  the 
relative  merits  of  the  different  systems  which  have  been 
proposed  before  investigating  the  best  proportions  to  be 
given  to  different  parts  of  the  system  fixed  upon,  and  the 
proper  current  densities  to  be  employed  in  them. 

With  regard  to  this  first  question,  I  do  not  propose  to 
say  more  tiban  a  verv  few  woids,  or  to  deal  with  it  in  any 
but  the  most  general  way. 

It  is  important  to  observe,  in  the  first  place,  that  the 
pressure  to  be  used  in  houses  for  lighting  by  incandescence 
lamps  has  been  practically  limited  to  a  maximum  of  100  to 
120  volts  by  the  makers  of  the  lamps,  and  that  the  pressure 
in  buildings  may  not  in  any  case  exceed  the  300  volts  fixed 
by  the  Board  of  Trade.  This  consideration,  while  greatly 
hampering  the  system  of  simple  parallel  distribution,  does 
not  affect  to  any  great  extent  the  rival  systems  emplojring 
accumulators  or  secondary  generators. 

In  his  Cantor  lectures  before  the  Society  of  Arts  iu  1885, 
Prof.  Qeorge  Forbes  gave  a  very  interesting  jiccount  of 
various  systems  and  their  sub-diicisions ;  and  he  showed  that, 
except  for  a  very  limited  area  of  compact  form  requiring 
a  large  amount  of  light  per  unit  of  area,  this  system  of 
simple  parallel  distribution  is  impracticable  on  account  of 
the  enormous  exiMnse  of  mains  to  carry  the  large  currents 
necessitated  by  tne  use  of  so  low  a  voltage.  For  a  very 
small  and  compact  area  such  a  block  of  buildings,  it  may 
be  worth  while  to  consider  the  applicability  of  this  system, 
however,  on  account  of  its  simplicity  and  the  cheapness  of 
the  class  of  cable  that  may  be  employed. 

No  practical  use  of  the  series  system  for  general  station 
work  has  been  made  that  I  am  aware  of,  though,  of  course, 
it  is  largely  in  use  for  outdoor  lighting  and  transmission  of 
power.  It  has  the  obvious  advantage  of  requiring  com< 
paratively  small  conductors,  but  against  that  must  he  put 
the  expenditure  necessary  for  providing  a  complete  system 
of  automatic  cut-outsfor  every  lamp,  motor,  orotherapparatus 
employed,  and  the  difficulty  of  regulating  with  anv  reasonable 
degree  of  economy  for  the  varying  numbers  of  lamps  alight 
on  different  circuits.  The  compai'atively  low  efficiency  of 
glow  lamps  for  series  lighting  is  also  an  important  reason 
against  the  adoption  of  such  a  system. 

The  next  system  to  which  attention  may  be  drawn  is 
the  series-parallel  system,  of  which  the  modifications  known 
as  the  three-wire,  four-wire,  and  similar  systems  are  the 
most  important  These  are  in  general  use  both  in  England 
and  abroad,  and  give  for  certain  distributions  of  lamps  a 
very  good  result  indeed. 

The  degree  of  economy  to  be  obtained  with  a  three,  four, 
or  n  wire  system  over  the  simple  parallel  system  depends 
on  the  certainty  or  otherwise  with  which  you  can  rely  on  a 
continued  balance  of  load  between  the  different  sections. 
This  you  would  secure  as  far  as  possible  by  putting  as  many 
of  each  class  of  consumers  in  each  section,  and  also,  if 
practicable,  by  insisting  upon  the  wiring  of  all  buildings 
suppUed  being  upon  the  same  system  as  that  of  the  mains, 
ana  the  total  load  in  every  case  distributed  between  the 
sections. 

If  you  are  sure  that  the  load  in  any  one  section  will 
never  exceed  that  of  any  of  the  others  by  more  than  m  per 
cent,  of  the  full  load  of  a  section,  and  the  system  is  one  of 
n  wires ;  then,  if  £  stands  for  the  percentage  reduction  in 
amount  of  copper  used  from  that  necessary  in  an  equivalent 
simple  parallel  system, 

E=ioo|i-200±^!>z:2)\ 

I  200  (n-1)    / 

For  example,  let  m «»  25  and  n  »  3 
then  E  »  43*8. 

If ,  as  in  a  case  in  which  all  the  wiring  is  done  upon  the 

*  Paper  read  before  the  Old  Studente*  Association,  by  Hamilton 
Kilgour,  member. 


same  system  as  that  of  the  mains,  we  may  take  m  » 10;  and 
supposing  n  —  4,  then 

E  «  63-3. 

If  in  the  same  case  we  take  n  =  5, 

E  =  71-3. 

In  considering  these  systems  it  is  necessary,  in  any  prac- 
tical case,  to  take  into  account  the  increased  cost  of  labour 
in  putting  them  down,  and  of  the  conduits  or  pip^  in 
which  they  are  enclosed.  In  connection  with  this,  it  is 
worthy  of  remark  that  with  underground  systems  of  mains 
— such  as  are  likely  to  be  in  vogue  in  future — ^the  cost  of 
the  actual  cables  may  amount  to  less  than  50  per  cent,  of 
the  total  cost  of  the  cables  laid. 

With  regard  to  systems  employing  accumulators  or 
secondary  generators,  there  is  at  once  a  great  gain  in  the 
allowance  of  very  much  high  pressures  in  the  mains.  The 
cable  is,  however,  very  much  more  expensive,  and  the  cost 
of  the  accumulators  and  their  constant  inefficiencv  must 
be  taken  into  account  in  the  one  case,  and  in  the  other  the 
cost  of  the  converters  and  their  inefficiency  on  light  loads. 
In  the  case  of  accumulators  it  is  necessary  to  distribute  the 
energy  from  sub-stations  upon  some  one  of  the  low-tension 
systems,  so  that  there  is  only  a  partial  gain  in  respect  to 
copper;  and  with  converters,  and  especially  those  for 
alternating  currents,  it  is  well  known  that  their  cost  per 
kilowatt  output  diminishes  to  a  considerable  extent  as 
their  size  increases,  so  that  with  these  also  it  may  be  and  is 
advisable  sometimes  to  employ  sub-stations,  so  that  the 
same  remark  will  apply  here. 

I  have  now  very  briefly  alluded  to  some  of  the  conditions 
affecting  the  relative  economies  of  the  chief  systems  of  dis- 
tribution of  electrical  energy ;  and  I  have  purposely 
refrained  from  examination  of  them  in  detail  for  the  reason 
that  every  particular  case  will  differ  to  some  extent  from 
any  other,  and  in  making  a  choice  of  the  system  to  be 
employed  to  best  meet  its  requirements,  a  special  investiga- 
tion should  be  made  having  regard  to  all  the  conditions 
involved. 

Before  taking  up  any  problems  such  as  those  referred  to 
in  the  abstract  sent  out  to  members,  a  word  must  be  said 
as  to  the  relation  of  price  to  size  of  cable.  Bare  wires,  as 
you  all  know,  are  sold  at  so  much  a  pound  in  general ; 
stranded  cables  being  a  little  more  expensive  than  single 
wires,  and  wires  smaller  than  No.  20  or  22  a  little  dearer 
than  those  above  this  size.  Speaking  generally,  however, 
cables  of  bare  wire  of  approximately  the  same  cross- 
sectional  area  are  sold  at  the  same  price  per  pound.  Small 
insulated  wires  of  a  definite  thickness  of  insulation,  such  as 
one  of  two  layers  of  cotton  or  silk,  are  also  often  sold  at  so 
much  a  pound,  but  with  these  we  have  nothing  at  present 
to  do,  unless  it  be  to  remark  that  with  such  wires  the 
insulation  resistance  necessarily  decreases  as  the  wire 
increases  in  size. 

Insulated  cables  for  use  in  anv  of  the  cases  we  have  to 
consider  are,  I  believe,  invariably  sold  by  length. 

For  a  given  class  of  insulation,  and  a  given  insulation 
resistance  per  mile,  you  would  expect — seeing  that  for  a 
given  insulation  the  mass  of  the  insulator  is  directly  pro- 
portional to  the  mass  of  the  copper  insulated — that  the 
prices  should  be  very  nearly  proportional  to  the  cross- 
sectional  areas  of  the  copper  conductors.  In  practice  this 
is  very  nearly  so,  for  the  price  of  a  cable  may  be  expressed 
by  the  equation 

P  =  a-H6A, 

where  P  =  cost  per  mile  in  pounds 

A  =  area  of  conductor  in  iqqqS  of  one  square  inch  and 
where  a  and  b  are  constants  depending  upon  the  class  of 
insulation  and  the  number  of  strands  in  the  cable,  with 
considerable  accuracy  with  the  cables  of  some  of  the  best 
known  makers. 
Taking  Silvertown  cables  for  example  : 

Glass  L. 

7  strands  P»  10*3  +  3'58  A  within  26  per  cent, 
19       „      P  =  15-7 -H  3-39  A      „      3-6 
37       „      P- 22-5 +  3-32  A      „      07 

Glass  D. 

7  strands  P=  4-72 +  1-32  A  „  2  9 

19       „      P  =  7-22+l-27A  „  46 

37       „      P«  12-2 +  1-26  A  ..  0'4 


II 


»} 


19 


>l 
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The  percentage  errors  given  above  are  the  maxima,  and 
the  average  are  from  ^  to  ^  these. 

In  a  similar  way  the  values  of  the  constants  for  the  other 
classes  manufactured  by  the  Silvertown  Company  may  be 
tabulated,  but  I  have  not  thought  it  necessary  to  do  so 
here,  more  especially  as  I  have  not  their  most  recent  price- 
sheet  by  me. 

With  Fowler-Waring  cables  (lead  covered)  you  would  not 
expect  this  law  to  hold  with  the  same  degree  of  accuracy, 
as  the  thickness  of  lead  is  not  proportional  to  the  diameter 
of  the  cable.  We  have,  however,  for  seven-stranded  cables 
P==25'9  +  2'49  A,  wiUi  a  maximum  error  of  12^  per  cent 
and  an  average  error  of  4*8  per  cent 

The  cables  of  Messrs.  Siemens  are  not  manufactured  upon 
the  plan  of  having  a  given  insulation  resistance  per  mile 
for  a  given  class  of  cable ;  the  insulation  resistance  qf  their 
cables  of  a  given  class  diminishes  as  the  size  of  the  cable 
increases.  For  example,  for  their  classes  L,  M,  and  N, 
the  insulation  resistance  per  mile  varies  from  2,500  meg- 
ohms for  the  smallest  sizes  to  300  megohms  for  the 
largest  You  would  not,  then,  expect  to  find  the  price  of  a 
cable  proportional  to  its  size,  nor,  in  fact,  is  it  actually 
nearly  so. 

With  all  cables,  however,  which  are  very  nearly  of  the 
same  size  the  price  is,  of  course,  very  nearly  proportional 
to  the  cross-sectional  area  of  the  copper,  and  over  a  narrow 
range  the  rule  f^a  +  bA  still  holoB,  the  constants  in  any 
case  bein^  very  easily  determined  by  plotting  a  few  points 
in  the  neighbourhood  of  the  size  you  want,  and  drawing 
the  tangent  to  the  curve  (or  Uie  chord  through  points  on 
either  side  of  the  size  you  estimate  is  about  what  you 
require)  when  the  ordinate  of  the  point  of  intersection  of 
this  tangent  or  chord  with  the  axis  of  y  gives  a,  and  h  is 
the  trigonometrical  tangent  of  the  angle  made  by  the  line 
as  drawn  with  the  axis  of  x,  it  being  supposed  that  prices 
are  plotted  as  ordinates. 

Now,  in  any  case  of  central  station  work  vou  can  esti- 
mate from  experience  what  is  approximately  the  cross- 
sectional  area  of  copper  you  want,  so  that  we  may  take  it 
that,  for  our  purposes,  the  rule  T^a  +  hA,  holds  univer- 
sally. This  may  be  regunled  in  the  light  that  you  pay  a 
sum  a  for  the  privilege  of  being  allowed  to  buy  the  cable 
you  require  from  the  makers  you  are  dealing  with,  and  for 
the  rest  the  price  of  this  cable  is  directly  proportional  to 
its  size. 

The  most  economical  current  deneUy  to  employ  for  a  constcmt 
and  wnform  current  drcuU  working  far  a  givennwnber  of  hours 
per  annum. 

Let  a    =  current  in  amperes ; 

n    »  number  of  hours  of  working  per  annum ; 

p  «  resistance  of  conductor  of  one  square  inch  sec- 
tional area  in  ohms  per  mile ; 

c     »  value  of  the  Board  of  Trade  unit  in  pence ; 

d  »  sum  of  the  rates  of  interest,  depreciation,  and 
repairs  on  capital  laid  out  in  cable ; 

z  »  sectional  area  of  conductor  required  inyinnr^  of 
one  square  inch ; 

D  e  most  economical  current  density  to  employ  in 
amperes  per  square  inch ; 

P     B  a  +  i  2  as  before ; 

D  - 1,000^  /Hi? 

V  ncft 
For  copper  condncton  p  =  0*0426,  hence 

D  -  T.MS./ii 

V  nc 

For  example,  if  we  take  Silvertown  class  L  cable,  and 

c=  6  ' 

d  =  13 

we  shall  have  the  most  economical  current  densities  for 
different  numbers  of  hours  per  annum  given  by  the  follow- 
ing table. 


then 


and 


cp 
'ibd 


and 


D. 


*• 

7  strands. 

19  strands. 

37  strands. 

400 

1,119 

1,069 

1,077 

600 

913 

889 

880 

800 

791 

770 

762 

1,000 

706 

689 

681 

1,500 

678 

662 

666 

2,000 

500 

487 

482 

3,000 

408 

398 

393 

In  this  table  p  has  been  taken  as  0*0446,  which  is 
rather  higher  than  it  should  be. 

No  account  of  the  increased  resistance  of  the  conductor 
due  to  heating  has  been  taken  account  of  in  the  foregoing; 
but  as  the  current  density  to  employ  in  a  ^ven  case  is 
known  approximately  from  previous  expenenoe  after  a 
little,  an  allowance  can  easily  be  made  for  the  probable 
heating  in  the  value  of  p  you  decide  to  use. 

VdiiaUe  but  Uniform  Current  Circuits. 

If  the  current  in  a  circuit  is  not  a  constant  quantity — as 
in  the  case  of  series  arc  lighting — but  variable  throughout 
each  day,  and  from  day  to  day  throughout  the  year,  the 
value  previously  obtained  for  the  most  economical  current 
density  to  employ  refers  to  the  square  root  of  the  mean 
square  of  the  current  for  the  year.  In  estimating  or  plan- 
ning a  system  of  mains  it  isjnore  convenient  to  think  about 
the  most  economical  current  density  referred  to  the  maxi- 
mum current ;  that  is  to  say,  it  is  better  to  know  that  the 
greatest  economy  will  be  obtained  in  a  given  circuit  if  the 
current  density,  when  the  maximum  current  is  flowing  in 
it,  is,  say,  500  amperes  per  square  inch,  than  to  know  that 
you  obtain  the  most  economi^  arrangement  if  the  ciurent 
density  of  the  square  root  of  the  mean  square  of  the 
current  is,  say,  300  amperes  per  square  inch. 

It  is  necessary,  then,  to  consider  what  the  ratio  of  the 
maximum  current  to  the  square  root  of  the  mean  square  of 
the  current  is  likely  to  be  in  a  given  circuit ;  and  tne  best 
way  to  arrive  at  this  value  is  by  examination  of  load 
diagrams  obtained  from  similar  districts. 

When  Prof.  Forbes,  in  1885,  so  strongly  advocated  the 
most  thorough  and  careful  working  out  of  any  system  of 
mains  to  be  laid  down  in  order  to  obtain  the  most  economi- 
cal arrangement  possible,  electrical  engineers  were  neces- 
sarily very  much  in  the  dark  as  to  the  data  upon  which  to 
base  their  calculations.  It  is  absolutely  essential,  in  order 
to  plan  the  most  economical  arrangement  possible,  to  know 
beforehand  what  kind  of  load  diagram  you  are  likely  to  get 
Fortunately,  we  have  now  a  certain  amount  of  experience 
to  help  us,  but  there  is  no  doubt  that  in  this  respect  the 
experience  of  the  next  10  yean  will  be  most  valuaUe. 

I  have  worked  out  one  or  two  load  diagrams  for  a  single 
day  in  order  to  give  an  example.  For  this  diagram,  which 
was  taken  at  Boston,  the  ratio  of  the  maximum  current  to 
the  square  root  of  the  mean  square  works  out  to  2*34,  and 
for  this  second  diagram,  which  was  sent  out  by  a  town  in 
the  West  of  England  in  order  that  maintenance  estimates 
might  be  prepared,  the  ratio  is  3*57,  and  for  this  third 
di^am  the  ratio  will  be  between  2*5  and  3*0. 

With  a  slide-rule  and  planimeter  it  is,  of  course,  a  very 
easy  matter  to  determine  this  ratio  for  any  given  load 
diagram.  The  value  to  be  used,  however,  is  that  obtained 
from  a  complete  set  of  diagrams  taken  at  short  intervals 
throughout  the  year,  and  in  connection  with  this  it  may  be 
mentioned  that  Dr.  Gustav  Basch  states  that  the  value  of 
this  ratio  (as  obtained  by  observations  at  different  central 
stations  during  one  year,  and  taking  the  average  value)  is 
3*41. 

To  take  an  example,  let  us  suppose  that  the  cost  of  a 
Board  of  Trade  unit  is  3d.,  that  the  sum  of  the  rates  of 
interest,  depreciation,  etc.,  is  15  per  cent,  that  current 
flows  throughout  the  year  in  the  circuit  under  considera- 
tion, that  the  ratio  of  the  maximum  current  to  the  square 
root  of  the  mean  square  is  3*2,  and  that  the  cable  is  19- 
stranded  Silvertown  L.    We  have  thus 


b 
c 
d 


3-39 
3 
15 
8760 
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hence  D  =  3-2  x  7,513,  /|||Jii£  « 1,058 

V  8,760  X  3 

In  this  case,  then,  the  most  economical  current  density  is 
1,058  amperes  to  the  square  inch  for  the  maximum  current. 

This  aetermination  of  the  most  economical  current 
density  to  employ  for  a  given  type  of  cable  applies  only  to 
cases  in  which  the  current  density  is  uniform  throughout 
the  cable  under  consideration.  This  is  so,  of  course,  in 
feeders,  but  not  in  the  mains  proper  of  a  system  of  parallel 
distribution. 

In  the  latter  case  the  current  flowing  across  any  section 
of  the  conductor  diminishes  as  the  distance  of  the  section 
under  consideration  increases  from  the  feeding  points.  If 
we  assume  that  in  the  mains  between  two  pairs  of  feeding 

Soints  the  current  taken  off  per  yard  is  constant,  we  can 
etermine  a  multiplier  for  the  most  economical  current 
density,  obtained  on  the  assumption  that  the  ourrent  is 
uniform  between  the  feeding  points,  which  will  give  us 
what  is  really  the  most  economical  (maximum,  or  at  a 
section  very  near  the  feeding  points)  current  density  to 
employ  in  the  mains. 

in  the  case  we  have  supposed  it  is  easy  to  see  that  this 
multiplier  is  ^3  or  1*732.  Now  if  we  take,  as  before,  19- 
stranaed  Silvertown  L  cable,  and  make  the  same  assumptions 
as  to  the  cost  of  energy,  etc.,  we  find  that  the  proper  size  of 
main  to  employ  is  that  which  gives  us  a  current  aensity  of 
1,832  amperes  to  the  square  inch  at  a  section  very  close  to 
the  feedmg  points,  and  when  the  maximum  current  is 
flowing. 

In  the  case  of  any  other  law  according  to  which  the 
current  taken  off  per  yard  may  vary,  it  is  very  easv  by  con- 
structing, firstly,  the  curve  of  flow  of  current  along  the 
main,  and  secondly,  the  curve  of  the  squares  of  the  current, 
to  deduce  the  proper  multiplier  by  means  of  a  planimeter 
and  slide-rule. 

The  process  of  makine  the  foregoing  calculations  for  any 
particular  case  is  certainly  easy  and  very  fairly  rapid,  but 
It  is  obvious  that  before  attempting  to  design  a  set  of 
mains  for  a  particular  district,  a  thorough  canvass  should 
be  made  to  ascertain  its  special  requirements. 

It  should  be  remarked  that  the  preceding  investigation 
as  to  the  effect  of  non*uniformity  of  current  in  the  mains 
assumes  that  the  load  diagrams  for  the  different  buildings 
supplied  between  two  pairs  of  feeding  points  are  similar  in 
character,  a  case  which  in  general  aoes  not  occur  in 
practice,  but  for  which  allowance  must  be  made  either  in 
the  selection  of  an  average  load  diagram  or  subsequently  by 
special  calculation. 

I  may  end  this  portion  of  these  notes  by  observing  that 
though  the  current  density  arrived  at  may  seem  sometimes 
rather  great,  it  occurs  for  such  a  verv  limited  time  that  it 
is  not  likely  to  be  harmful  to  the  cables  used. 

TransnUssum  of  Power  to  Stationary  Motors. 

The  whole  of  the  foregoing  relates  to  general  supply  of 
energy  from  central  stations,  and  the  conclusions  amved  at 
were  all  based  upon  the  fact  that  in  such  work  you  have  to 
maintain  a  definite  pressure  .at  the  consumers,  so  that  the 
current  to  be  supplied  is  a  fixed  quantity. 

As  is  very  well  known,  Sir  William  Thomson  first  pointed 
out,  in  1881,  that  m  such  cases  the  current  densitv  to  be 
employed  is  independent  of  the  length  of  conductor  through 
which  the  energy  is  to  be  transmitted,  and  that  the  proper 
gauge  to  employ  fpr  a  definite  current  is  that  which  maJces 
the  value  of  the  annual  waste  of  energy  per  mile  e(]ual  to 
the  interest,  depreciation,  etc.,  on  the  capital  laid  out  in  con- 
ductor per  mile. 

There  are,  however,  a  large  number  of  cases  to  which  the 
above  does  not  apply  at  all,  and  the  transmission  of  power 
from  a  source  where  it  is  cheap  to  a  distant  point  where  it 
is  valuable  is  one  of  the  most  important  of  these  at  present. 

In  a  very  impox-tant  paper  read  by  Profs.  Ayrton  and 
Perry  before  the  Society  of  Telegraph  Engineers  and 
Electricians,  the  authors  gave,  among  other  things,  the 
solution  of  the  following  problem  :  What  is  the  most  eco- 
nomical current  density  to  employ  when  a  certain  power  P 

has  to  be  furnished  at  the  end  of  ^  miles,  and   when   the 

2 

pressure  at  the  source  has  been  fixed  at  V  volts  ? 
If  G  is  the  current  in  amperes,  r  the  resistance  of  the 


conductor  per  mile  in  ohms,  t  a  constant— depending  on  the 
number  of  hours  of  working  per  annum,  the  cost  of  the 
cable  per  pound  of  copper,  the  sum  of  the  rates  of  interest, 
depreciation,  and  maintenance,  and  the  value  of  a  Board  of 
T^ade  unit — and  F  (C,r)  the  total  waste  of  ener^  per 
mile  reckoned  in  watts  (ie.,  with  the  interest,  depreciation, 
etc.,  on  the  cable  exprestsed  in  watts  as  well  as  the  actual 
waste  of  energy  in  the  cable),  we  have 


F(C,r)»C«r  +  - 


(i.) 


andfurther,/(C,r)  =  P-C(V-»Or)«0      .    .    (ii.) 

From  these  two  equations  we  have  to  determine  C  and  r, 
and  hence  the  current  density  D,  so  that  F  (C,  r)  is  a 
minimum. 

As  you  know,  the  values  of  G  and  r,  which  make 
F  (C,  r)  a  minimum,  are  those  obtained  from  the  equations 


and  /(0,r)-P-C(V-nCf)-0 

From  these  we  ODtain 


.     (ii.) 
.    (iv.) 

r+V(V»+n»<«)    •       ■    •    <^-> 

the  constant  23*6  being  the  conductivity  of  a  copper  con- 
ductor one  mile  long  of  one  square  inch  sectional  area. 

If  weputiLf-tan^, 


and 


D  •>  23-5 


C-^(l+sin^) (vi.) 


and 


D  -  23-5 


(-^pXr)-    .    (vii.) 


n  \  i+sm  ^ 
I  have  calculated  the   following   table    of    values  of 

(1  +  sin  4>)  sind  (    "'^.  ^     ]  for  values  of   tan   d^  between 

\l-l-sin  <^ 

0*025  and  4*0,  thus  embracing  all  practical  cases,  I  believe. 

(See  Table  A.) 

From  this  table,  or  from  the  curves  given  which  have 
been  constructed  from  it,  it  is  a  very  easy  matter  to  deter- 
mine the  proper  current  density  to  emplov  in  any  given 
case  without  any  further  (calculation  than  that  reatUly  per- 
formed with  a  slide-rule. 

With  regard  to  <,  its  value  is  obtained  from  the  equation 


t 


-'-^^ 


where 

L  B  cost  in  pence  in  copper  in  cable  per  pound. 
N  »  number  of  hours  of  working  per  annum. 
Q  »  sum  of  the  rates  of  interest,  depreciation,  and  main- 
tenance en  capital  laid  out  in  cable, 
and 
U  a  cost  in  pence  of  a  Board  of  Trade  unit 

If  L«cost  in  £  of  copper  in  cable  per  ton,  the 
equation  becomes 

<=30*6    /hR. 

I  have  thought  it  of  interest  to  members  that  tables  and 
curves  showing  the  effects  produced  in  a  particular  case  of 
varying  the  different  quantities,  t,  Y,  and  n,  should  be  given, 
and  I  have  therefore  taken  the  following  cases : 

(i.)  V  =  2,000  volte, 
n  =  10  miles. 
t  variable  between  15  and  50. 

(ii.)   n=10. 
/=25. 
y  variable  between  500  volte  and  10,000  volte. 

(iii.)V  =  2,000  volte. 
<»25. 
n  variable  between  \  mile  and  50  miles. 

And  lastly, 
(iv.)V  =  5,000  volte. 
<-25. 
n  variable  between  one  mOe  and  500  miles, 
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TABLE  A.— Taaksmibsxok  o9  Pownk 


tan^. 


0 
0-025 
0-05 
0-076 
0-1 
015 
0-2 
0-25 
0-3 
0*35 
0-4 
0-5 


l+sm  0. 


1-0000 
1-0250 
1-0499 
1-0748 
1-0995 
1-1482 
1-1961 
1-2425 
1-2874 
1*3303 
1-3718 
1-4472 


■in  0 


1+Bin0. 


0-0000 
0-0244 
0-0471 
0-0696 
0-0905 
01291 
0*1640 
01952 
0-2232 
0-2483 
0-2708 
0*3090 


tan  0. 


0-6 
0-7 
0-8 
0-9 
1-0 
1-1 
1-2 
1-8 
1-4 
1-5 
1-6 
1-7 


l+8in0. 


1-5145 
1-5734 
1*6246 
1-6689 
1-7072 
1*7402 
1*7680 
1-7924 
1-8137 
1-8319 
1-8482 
1-8619 


■in  0 
l+8in0. 


0-3397 
0-3644 
0*3845 
0-4008 
0-4143 
0-4254 
0-4344 
0-4421 
0-4486 
0-4541 
0-4589 
0*4629 


tan^ 


1-8 
1*9 
2-0 
2-2 
2*4 
2-6 
2*8 
3-0 
3-3 
3*6 
4*0 
oo 


l+sin0. 


1*8742 
1-8849 
1*8946 
1-9104 
1-9231 
1-9333 
1-9417 
1-9487 
1-9570 
1-9636 
1-9701 
2iXM 


KXkjf 


1+sin  ^ 


0-4664 
0*4696 
0-4721 
0-4766 
0*4800 
0*4828 
0*4860 
0*4868 
0-4888 

0-4907 
0-4924 
0-6000 


TRAKSHISnON  OF  POWXR. 

(i.)  P=:87,700  watts.    y=:2,000  volts.    nslO  miles. 


<. 

C. 

D. 

Pi. 

Pr 

Pr 

K. 

16 

47-13 

351*4 

6,659 

7,619 

14,178 

7*0 

20 

48*21 

467*9 

8,726 

10,655 

19,382 

9-0 

26 

49*29 

682*7 

10,878 

13,958 

24,836 

11*0 

30 

50*36 

696-8 

13,009 

17,542 

30,551 

12*9 

35 

51*41 

809-8 

15,118 

.  21,415 

36,533 

14-7 

40 

52-45 

921-3 

17,199 

25,591 

42,790 

16-4 

60 

64*48 

1,139 

21,270 

34,892 

66,162 

19*6 

(il.) 

nslO. 

<s25. 

V. 

C. 

D. 

Pi. 

Pr 

Pr 

K. 

600 

263*8 

624-6 

39,220 

102,681 

141,901 

30-9 

750 

153-9 

556-6 

27,732 

53,386 

81,118 

24-0 

1,000 

109-0 

569-4 

21,270 

34,892 

66,162 

19-5 

1,500 

68-08 

579-1 

14,418 

20,091 

34,609 

14-1 

2,000 

49*29 

582*7 

10,878 

13,958 

24,836 

11-0 

3,000 

31*66 

585-3 

7,283 

8,602 

15,885 

7*7 

4,000 

23*29 

586-2 

5,471 

6,198 

11,669 

6-9 

5,000 

18-42 

586-7 

4,380 

4,840 

9,220 

4*8 

7,500 

12-08 

587-1 

2,922 

3,123 

6,045 

3-2 

10,000 

8-99 

587-3 

2,192 

2,304 

4,496 

2-4 

(ia.)V= 2,000. 

t=25. 

n. 

C. 

D. 

Pi. 

P. 

Pr 

K. 

-26 

43-99 

587-2 

274 

276 

650 

0-3 

•5 

44-12 

687-2 

548 

555 

1,103 

0-6 

ID 

44-40 

587-1 

1,096 

1,124 

2,220 

1-2 

2-0 

44-95 

587-0 

2,192 

2,304 

4,496 

2-4 

4-0 

46-04 

586*5 

4,380 

4.840 

9220 

4-8 

6-0 

47-13 

58^-6 

6,559 

7.619 

14,178 

7-0 

8-0 

48-21 

584-3 

8,726 

10,655 

19,381 

9-0 

10-0 

49-29 

582-7 

10,878 

13.958 

24,836 

11-0 

15-0 

51*93 

677  1 

16.162 

23,465 

39,627 

15-6 

20-0 

54-48 

5697 

21,270 

34.892 

56,162 

19-5 

25-0 

56-93 

560-5 

26,158 

48,397 

74,555 

23-0 

30-0 

59-25 

549-9 

30,794 

70.306 

101,100 

26-0 

35-0 

61-43 

5380 

35,152 

82.181 

117,333 

28*6 

40-0 

63-46 

525-3 

39,220 

102.680 

141.900 

30-9 

45-0 

65-35 

511-9 

42,996 

126,700 

168,700 

32*8 

500 

67-09 

498-0 

46,481 

151,310 

197,790 

34-6 

(iv.)  V  =  5,000*  =  25. 

n. 

C. 

D. 

Pi. 

Pr 

Pr 

K. 

1 

17*63 

587-4 

439 

443 

881 

0*5 

2 

17-72 

587-4 

877 

895 

1,772 

1-0 

5 

17-98 

587-2 

2,192 

2.304 

4.496 

2-4 

10 

18-42 

587-6 

.   4,380 

4,840 

9.220 

3-7 

20 

19-29 

584-5 

8,727 

10,655 

19.382 

9-1 

50 

21-79 

569-8 

21.270 

34.892 

56.162 

19-5 

100 

25*38 

525-4 

39.220 

102,681 

141.901 

30-9 

150 

28-06 

469-9 

52.620 

210,480 

263,100 

37-6 

200 

29-94 

415-4 

62.013 

361.430 

423.440 

41-5 

250 

31-24 

467-0 

68.481 

556.550 

625,030 

43-9 

300 

3213 

325-8 

72.970 

795,990 

868.960 

45-4 

350 

32-77 

291-4 

76,140 

1.079,700 

1.155.800 

46-5 

400 

83-23 

262-7 

78,440 

1.407,600  1.486,000 

47-2 

450 

33-57 

238*6 

80,140 

1.779,500 

1.859.700 

47-8 

500 

33-83 

218-2 

81,426 

2,195.500 

2.276,900 

-■ 

48-2 

In  each  case  the  power  to  be  transmitted,  P,  has  been 
taken  as  87,700  watts,  which,  with  motors  of  85  per  cent 
efficiency,  will  give  100  brake  h.p. 

The  curves  {see  pp.  500  and  501)  and  tables  show  what 


changes  are  prodaced  in  the  different  quantities  tabulated — 
the  most  economical  current  density  being  employed  in 
each  case.  I  should  mention  that  in  the  curves  and  tablet 
are  included  Pj,  P,,  P|,  and  R  where 

P^  -■  waste  of  energy  in  conductor. 
P,  »  interest,  depredation,  etc.,  on  capital  laid  out  in 
cable. 

K  »  percentage  loss  of  volts  in  transmission  of  the 
power  in  each  case. 

You  will  notice  that  in  cases  of  transmission  of  power 
over  a  considerable  distance,  P^,  the  power  wasted,  bears  a 
pretty  high  ratio  to  P,  the  power  transmitted,  so  that  the 
power  of  the  generators  must  be  eomiderably  in  excess  of 
that  actually  required  by  the  motors. 

Now  ike  value  of  U,  and  hence  of  ^,  depends  to  a  certain 
extent  upon  the  power  of  the  {generators  (P  +  Px)i  and  it  is 
not  difficult  to  see  that  this  relation  can  be  expressed  by 
the  equation 

t  =  j^/ ^'^Sl.*  where  A  and  B  are 
V  A  +  B  P/ 

constants  depending  on  the  conditions  of  the  case  under 
consideration.  However,  from  these  tabled  it  is  easy  to 
judge  approximately  beforehand  what  P^  will  be  in  any 
given  case,  so  that  P  +  Pi  being  known,  i  can  be  then 
accurately  estimated,  and  Cand  D  obtained  as  before. 

To  take  an  example,  let  us  suppose  that  we  want  to 
transmit  100  brake  h.p.  from  a  waterfall  to  a  mill  at  a 
distance  of  five^  miles.  We  will  suppose  that  there  is  an 
effective  head  of  37ft,  that  the  efficiency  of  the  motors  is 
85  per  cent,  that  the  loss  in  the  line  is  about  15  per  cent, 
that  the  generators  have  an  efficiency  of  87  per  cent,  that 
there  is  a  loss  of  5  per  cent  in  belting,  and  that  we  take 
2,000  volts  as  our  working  pressure. 

The  power  to  be  transmitted  to  motors  will  be  87,700 
watts,  that  developed  by  the  generators  110,000  watts,  and 
that  given  out  by  turbines  164  brake  h.p. 

For  the  water  engines  I  shall  suppose  that  we  use  15in. 
Victor  turbines,  of  which  the  cost,  and  also  that  of  the 
accessories,  etc,  has  been  kindly  furnished  me  by  Mr.  Nell, 
and  for  the  dynamos  (motors  and  generators)  I  shall  take 
the  costs  of  Victoria  machines  in  tms  example. 

For  the  case  we  are  considering,  then,  I  estimate  the 
costs  as  under : 

Machinery  and  line  (including  posts,  insu- 
lators, etc.,  but  no  cable) £2,500 

Buildings,  foundations,  pipes,  etc 870 

Labour  (including  running  of  cable)  760 

Sundries    180 

Total £4,300 

Taking  then 

17^  per  cent  on  £2,500 £437  10  0 

I2J        „        „      £870 108  15  0 

7|        „        „      £760 56  6  0 

10          „        „      £180 18  0  0 

Total £620  10    0 

Cost  of  running  machinery  at  both  ends, 
and  sundries  (say)   £160 

{Continued  on  page  606). 
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IMPORTANT  NOTICE. 


We  may  occasionally  fdlow  the  lead  of  owr  American  Contem- 
poraries, especially  when  they  point  out  a  sermceaJde  imy.  They 
are  not  badcvxxrd  in  asking  their  friends  to  do  aU  they  can  for  the 
todfare  of  the  paper.  We  ask  our  friends  to  remember  us.  No 
Paper  that  we  know  ever  refuses  Subscribers  or  Advertisers.  Nor 
do  we;  in  fact,  we  invite  them,  believing  that  they  wiU  get  fuU 
value  for  theur  money. 

Spedmen  copies  of  the  paper  wiU  be  sent  on  request. 


ACCUHULATOB  TRACTION. 

The  question  of  tramcar  traction  by  accumulators 
has  taken  a  fresh  turn  this  week,  and  we  think  our 
readers  will  be  thankful  to  learn  how  matters  seem 
to  stand  upon  this  important  point.  The  electrical 
world  in  England  has  been  somewhat  anxiously  and 
cynically  watching  for  developments  in  traction 
by  accumulators,  and  sundry  hints  as  to  unknown 
depreciation  of  the  battery  plates  and  shakings  of 
head  as  to  the  practical  outcome  of  well-known 
experimental  tracks  have  been  all  that  has  come 
before  their  notice.  Last  week  an  advertisement 
appeared  in  the  usual  papers  with  reference  to  the 
North  Metropolitan  Tramways,  notice  being  given  of 
a  proposed  amendment  to  section  4  of  that  company's 
Act  of  1890  to  the  following  effect : 

'*  That  application  is  intended  to  be  made  to  Parliament  in 
the  ensuing  session,  by  the  North  Metropolitan  Tramway  Com- 
pany, for  an  Act  to  alter  and  amend  or  to  repeal  the  provisions 
contained  in  section  4  of  the  North  Metropolitan  Tramways 
Act,  1800,  relating  to  the  consents  of  the  local  authorities 
referred  to  in  that  section,  and  to  make  other  provisions  with 
reference  thereto,  and  so  far  as  necessary  to  alter  or  amend  oi 
repeal  the  provision  of  any  other  Act  rdatinf^  to  the  copipany, 
and  to  vary  and  extinguish  any  rights  or  privileges  which  would 
or  might  interfere  wit£  the  objects  aforesaid." 

This  action  upon  the  part  of  the  North  Metro- 
politan Company  is  both  an  indication  of  their 
determination  not  to  be  over-ridden  by  moribund 
vestries,  and  at  the  same  time  a  very  telling  com- 
mentary upon  the  criticisms  which  insist  that 
accumulators  for  traction  jcannot  pay. 

It  may  be  remembered  that  the  North  Metropoli- 
tan Company  having  granted  the  use  of  one  of  their 
lines  to  be  equipped  at  Barking-road,  experiments 
at  first,  and  now  for  some  time  practical  running, 
have  been  carried  on  upon  this  road  with  the  storage 
cars  of  the  General  Electric  Traction  Company. 
Two  causes,  having  no  relation  to  each  other,  have 
prevented  the  more  extended  and  permanent  use  of 
these  accumulator  cars  on  the  tramway  company's 
roads.  The  first  of  these,  the  question  of  cost  of 
maintenance  and  depreciation  of  the  cells,  we  will 
return  to  presently.  The  second  has  been  the  con- 
tinued refusal  of  the  West  Ham  Local  Board  to 
accord  anything  like  a  reasonable  permission  to  run 
the  electric  cars.  All  endeavours  up  to  the  present 
time  of  both  electric  company  and  tramway  company 
themselves  have  resulted  in  the  refusal  of  the  West 
Ham  authorities  to  grant  a  longer  permission  than 
one  year,  with  the  condition  of  enforced  removal 
after  only  24  hours'  notice.  Such  a  condition  as 
this  is  absolutely  prohibitive  for  the  North  Metro- 
politan or  any  other  company  to  put  down  plant  on 
an  extensive  scale — ^with  the  fear  of  notice  of  removal 
at  24  hours'  notice  hanging  over  them.  They  have 
first  applied  to  the  London  County  Council  to  learn 
if  this  body  would  grant  a  seven  years'  permission 
for  running  electric  cars,  and  we  learn  firom  the  pro- 
ceedings of  the  London  County  Council  that  this 
permission  has  now  been  granted  upon  condition  of 
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putting  the  pennanent  way  in  thorough  repair  and 
of  taking  such  precautions  for  the  public  safety  as 
the  Council  shall  think  fit.  The  North  Metropolitan, 
then,  finding  it  impossible  to  induce  the  West  Ham 
authorities  to  alter  their  terms,  have  taken  steps 
to  introduce  the  afore-mentioned  Bill  into  Parliament 
in  the  present  session,  with  a  view,  it  may  be  sup- 
posed, of  compelling  them  to  give  this  permission,  if 
the  notice  itself  is  not  sufficient  to  force  their  hands. 
The  very  feict  that  a  large  company  like  the  North 
Metropolitan  intend  to  fight  the  matter  for  themselves 
in  Parliament,  is  itself  striking  evidence  as  to 
whether  they  do  or  do  not  regard  electric  traction  as 
a  desirable  thing.  It  is  not  to  be  supposed  that  they 
would  go  so  far,  and  would  consider  the  investment 
of  capital  necessitated  by  the  necessary  plant  and 
stock  which  it  means,  without  a  good  assurance  of 
the  profitableness  of  the  undertaking. 

We  are  in  a  position  to  state  a  little  more  clearly 
than  has  hitherto  been  done  what  are  the  arrange- 
ments concluded,  or  likely  to  be  concluded,  in  this 
direction.  Electrical  engineers  have  been  looking 
for  the  pubUcation  of  the  balance-sheet  of  the  Bark- 
ing-road roate  to  enable  them  to  judge  of  the  advis- 
ability of  accumulator  traction.  It  is  doubtful,  and 
more  than  doubtful,  if  this  balance-sheet  will  ever 
be  published,  at  any  rate  for  the  period  up  to  the 
present.  The  experience  which  has  been  gained  has 
b^en  avowedly  an  experimental  experience,  and  the 
actual  total  cost  of  management,  alteration,  and 
depreciation,  whether  it  comes  out  at  4^d.,  or  even 
double,  if  it  allows  fature  contracts  to  be  regulated 
on  a  paying  basis,  will,  in  either  case,  be  lightly 
bought — and  all  the  while  money  has  certainly  been 
earned.  The  expenses  upon  the  line  have  been 
reduced  continually  until  they  are  now  within  the 
limits  firom  which  the  expenses  upon  a  considerable 
scale  can  be  calculated  with  accuracy.  Certain 
important  improvements  in  the  type  of  traction  cell 
have  been  introduced,  which  have  had  the  effect  of 
stiU  further  reducing  the  depreciation  on  traction 
cells  to  within  reasonable  hmits,  of  which,  perhaps, 
it  may  be  sufficient  to  say  that  the  prolonged 
tests  show  that  the  combined  hfe  of  the  positive  and 
negative  plates  equals  two  years.  An  important 
feature  in  the  case  is  that  the  makers  of  the  cells, 
the  Electric  Construction  Corporation,  have  arranged 
to  undertake  the  maintenance  of  the  cells,  in  fair 
usage,  for  a  definite  sum  or  percentage,  a  matter 
which  allows  the  actual  total  cost — the  other  factors 
being  already  sufficiently  closely  known — to  be  now 
calculated  with  accuracy.  The  actual  cost  of  deprecia- 
tion for  a  plant  of  60  cars  we  are  assured  thus  comes 
out  at  about  Id.  per  car  mile — that  is,  for  mainten- 
ance of  the  cells  alone,  be  it  understood. 

The  other  important  point,  and  one  which  arises 
out  of  and  takes  its  possibilities  from  this  actioQ  of 
the  makers  of  the  cells,  is  that  of  the  proposed 


arrangement  between  the  traction  company  and 
tramway  company.  The  North  Metropolitan  Com- 
pany, who  received  the  Glasgow  Corporation  some 
httle  time  ago  and  allowed  them  the  fullest  facilities 
of  inspection  and  enquiry,  intimated  to  these  latter 
that  they  intended  to  give  no  more  contracts  for 
haulage,  but  that  they  contemplated  installing  their 
own  plant,  and  would  contract  for  the  maintenance 
in  good  order  of  the  electric  plant.  This  determina- 
tion is  worthy  the  consideration  of  both  tramway 
companies  and  electrical  engineers,  and  solves  the 
difficulties  both  of  management  of  men,  stock,  and 
capital,  that  would  be  too  likely  to  interfere  in  an 
absolute  contract  for  haulage  at  so  much  per  car 
mile — when  the  electrical  men  and  the  tram  men 
would  be  under  separate  authority,  and  other  diffi- 
culties would  also  be  likely  to  arise.  With  the 
proposed  arrangement  the  electrical  company  would 
put  down  the  plant  at  the  expense  of  the  tramway 
company,  smd  would  thereafter  contract — according  to 
the  length  of  line,  number  of  cars,  and  other  matters — 
for  the  maintenance  of  the  electrical  part  of  the 
installation,  and  at  so  much  per  car  mile.  The  neces- 
sary trials  and  figures  are  so  far  settled  with  both  the 
makers  and  the  traction  company,  that  these  latter 
are  able  and  willing  to  enter,  at  the  present  time, 
into  contracts  for  10, 100,  or  1,000  storage  cars,  and  to 
maintain  the  electrical  part  in  order  at  a  fixed  charge 
according  to  circumstances  per  car  mile.  We  are 
sure  all  will  be  glad  to  hear  of  arrangements  seem- 
ingly so  promising  for  the  progress  of  electric  traction 
in  England. 


FECCAVmUS. 

Yes,  and  with  our  eyes  wide  open  too.  In  large 
paper  mills  and  in  other  manufeustories  where  bleach- 
ing operations  on  a  large  scale  are  required  elec- 
tricity must,  in  the  future,  play  an  important  role. 
Our  well-known  contributor,  Mr.  Watt,  writing  on 
the  subject  in  our  issue  of  October  81st,  as  was 
natural,  referred  to  his  brother's  work  in  this  direc- 
tion, and  maintained  that  his  brother  was  the  pioneer 
inventor  of  the  method.  Mr.  Andreoli  controverted 
this  statement,  and  now  Mr.  Watt  returns  to  the 
firay.  From  our  point  of  view  little  or  no  good  can 
arise  firom  an  extended  controversy,  which  will  neces- 
sarily lead  to  crimination  and  recrimination,  and 
will  show  how  very  differently  men  interpret  the  same 
sentences.  Our  aim  in  the  first  place  was  to  once 
more  indicate  a  direction  which  might  advantageously 
be  exploited  by  dynamo  builders,  for  dynamos  must 
be  used  when  the  process  is  adopted,  as  must 
engines,  besides  other  electrical  accessories.  The 
discussion  is  practically  to  determine  the  exact 
claim  to  priority  of  Mr.  C.  Watt,  a  claim,  which  if 
admitted  freely  and  ungrudgingly,  has  no  influence 
upon  business  now,  inasmuch  as  this  patent  has 
long  since  lajpsed.    We  think  therefore  that  it  will 
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be  better  to  terminate  the  discussion  with  the  reply 
of  Mr.  Watt.  Those  interested  can  easily  turn  up 
the  passages  referred  to  by  Messrs.  Andreoli  and 
Watt,  and  interpret  for  themselves. 


CORRESPONDENCE. 


ORIGIN  OP  ELECTROLYTIC  BLEACHING. 
To  THE  Editor  of  the  Electrical  Engineer. 

Sir, — Mr.  Andreoli;  in  a  letter  which  appeared  ia  your 
issae  of  the  2l8t  ult.,  and  to  which  I  should  have  replied 
earlier  had  I  not  been  unwell,  has  made  an  attempt,  or 
several  attempts,  to  prove  that  Mr.  Charles  Watt's  patent, 
1851,  for  the  electrolytic  production  of  hypochlorites  of 
sodium,  etc.,  was  neither  original  nor  of  any  practical  value; 
and  in  order  to  support  the  first  of  these  assertions,  he 
"  exhumes,"  to  use  his  own  phrase,  several  old  processes 
having  totally  different  objects  and  producing  effects  with 
which  hypochlorites  have  no  concern,  or  in  which  they 
play  no  part  whatever.  As  an  example  of  Mr.  Andreoli's 
ingenuity,  I  have  only  to  show  how  '^cleverly,"  to 
use  his  own  phrase  also,  he  has  twisted  a  sugges- 
tion of  the  late  Prof.  Brande  ("  Manual  of  Chemistry," 
footnote  p.  222)  into  an  applidation  of  electrolytic  hypochlo- 
rite of  soaium  to  the  art  of  calico  printing.  Now  what  Brande 
really  says  in  the  footnote  ref ei  red  to  is  this :  "  In 
the  year  1820  I  suggested  the  possibility  of  applying  these 
electro-chemical  effects  to  the  art  of  calico  printing,  and 
showed  that  by  bringing  a  small  disc  or  figure  of  platinum, 
rendered  electro-|)Ositive,  upon  a  piece  of  coloured  calico 
imbued  with  a  solution  of  salt,  and  stretched  over  an 
electro-negative  surface,  white  spots  or  patterns  might  be 
produced  in  consequence  of  the  action  of  the  evolved  chlorial,  and 
that  by  reversing  the  electric  state  of  the  pattern  the  alkali 
evolved  would  produce  variously  coloured  patterns  upon  grounds 
properly  prepared  for  the  purpose.  A  patent  has  been 
taken  out  by  Mr.  Bagg  for  a  similar  applicatipn  of 
electricity,  in  which  he  proposes  to  proouce  various 
colours  by  the  application  of  patterns  formed  of 
plates  of  various  metals  and  alloys,  acting  upon 
different  saline  solutions."  Now  it  will  be  noticed  (1) 
that  Mr.  Brande  makes  no  reference  whatever 
to  '^  electrolytic  hypochlorites,"  and  (2)  thi(t  such 
hypochlorites  could  not  be  produced  in  the  way  pi*oposed 
by  him  for  producing  the  white  and  coloured  patterns 
referred  to,  since  the  evolved  elements,  chlorine  and 
sodium,  must  necessarily  be  kept  apart  to  effect  the  object 
in  view.  The  same  observations  also  dispose  of  Mr.  Bagg's 
connection  with  '^  electrolytic  hypochlorites." 

We  are  also  told,  as  further  evidence  of  the  unsoundness 
of  Mr.  C.  Watt's  patent,  that  "  in  1840  Th.  L^ikauf  made 
experiments  on  bleaching  by  electricity,  but  they  hardly 
deserved  to  be  mentioned  "  (I)  We  are  further  reminded 
by  Mr.  Andreoli  that  Gmelin's  "  Handbook  of  Chemistry," 
1848,  it  is  stated  that  "  a  solution  of  common  salt  gives 
CI  at  the  +  and  H  gas  and  soda  at  the  -  pole."  That 
these  well-known  electro-chemical  facts  would  receive 
recognition  in  handbooks  of  chemistry  goes  without  say- 
ing, but  a  patent  for  a  well-defined  process  for  the 
practical  application  of  the  principle  involved  would  not 
be  vitiated  by  the  mere  publication  of  a  scientific  fact 

In  trying  to  pull  Mr.  C.  Watt's  patent  to  pieces  to 
furnish  himself  with  argument  against  it,  I  find  that  Mr. 
Andreoli — ^as  he  did  in  the  extract  from  Brande  re- 
ferred to — ^has  entirely,  and  I  think  unfairly,  misre- 
presented that  portion  of  Mr.  C.  Watt's  process  which 
relates  to  the  production  of  hypochlorites.  Mr.  Andreoli 
says  "  Charles  Watt's  electro-bleaching  consists  in  decom- 
posing a  concentrated  solution  of  chloride  of  sodium  by 
means  of  the  electric  current,  such  solution  being  kept  hot 
by  means  of  vessels  divided  into  compartments  separated 
bom  each  other  by  porous  partitions."  Now  the  third  part 
of  Mr.  C.  Watf  B  specification  '*  consists  of  a  mode  of  con- 
verting chlorides  of  potassium  and  sodium,  and  of  the 
metals  of  the  alkabne  earths,  into  hypochlorites  and 
chloratee."     No  mention  whatever  ia  myftde  of   "vessels 


divided  into  compartments  separated  from  each  other  by 
porous  partitions,"  an  arrangement  which  would  be, 
as  Mr.  Andreoli  must  have  known  when  he  quoted  this 
part  of  Mr.  C.  Watt's  specification,  an  absolute  absurdity. 
Neither  is  there  any  arrangement  for  partitions  depicted  in 
the  drawing  which  accompanies  the  specification.  It  is  also 
erroneous  to  state  that  the  solution  of  chloride  of  sodium 
is  "kept  hot,"  since  the  words  actually  used  are,  ''a  warm 
solution^  nearly  saturated" — not  "concentrated,"  as  Mr. 
Andreoli  puts  it  Again,  Mr  C.  Watt  says :  "  If  I  desire 
to  produce  a  hypochlorite  of  the  alkali  or  earth,  /  merely 
keep  the  solution  wa/rm." 

In  reference  to  my  brother's  specification  prescribing  a 
"  nearly  saturated  "  solution  of  chloride  of  sodium — ^which 
Mr.  Andreoli  has  tried  to  serve  his  purpose  by  calling  it  a 
"  concentrated  "  solution — ^Mr.  Andreoli  says,  at  the  end  of 
the  first  column  of  his  letter,  "  A  concentrated  solution 
means  a  considerable  expenditure  and  an  enormous  loss  of 
chloride  of  sodium,"  whereas,  in  the  third  column  of  his 
letter,  in  which  he  quotes  a  formula  given  by  some  French 
experimentalist  who  "  dissolves  chloride  of  sodium  in  water 
in  the  proportion  of  50  grammes  of  sea  salt  for  every  litre 
of  water,"  Mr.  Andreoli  says,  "  But  instead  of  50  grammes 
being  dissolved  per  litre,  100,  200,  or  enough  to  saturate  Ihe 
solution  can  be  used."  It  is  really  impossible  to  deal  with 
such  weather-cock  statements,  so  I  will  here  take  my  leave 
of  Mr.  Andreoli,  for  I  have  no  desire  to  continue  a  contro- 
versy in  which  such  erroneous  statements  usurp  the  place 
of  legitimate  argument 

B^pecting  my  brother's  patent,  however,  I  may  repeat 
that  it  has  evidently  formed  the  basis  of  all,  or  nearly  all, 
subsequent  patents  having  for  their  object  the  carryini;  out 
of  the  various  processes  therein  described.  As  a  patent 
it  is  one  of  the  most  comprehensive  I  have  seen  and  was 
devised  by  one  of  the  most  practical  chemists  of  his  day, 
Mr.  C.  Watt  having  had,  even  so  far  back  as  1851,  great 
experience  with  the  alkali  trade.  Ajb  a  final  observation  I 
may  state  that  Mr.  C.  Watt's  specification  has  been  at  least 
once  or  twice  "  out  of  print,"  a  sure  guarantee  that  it  had 
been  well  sought  after  by  intending  "  inventors." — ^I  am,  etc, 

Alexander  Watt. 


BARROW-IN-FURNESS. 
To  THB  EDrroR  of  Thb  Elhctrical  Enginsbr. 

Sir, — ^Your  correspondent  "Electric  Light,"  in  the 
Electrical  Engineer  of  the  28th  ult,  raises  the  question  as 
to  cost  of  electric  lighting  to  consumers,  and  questions  the 
figures  quoted  by  the  town  clerk  in  his  circular.  The 
statement  that  the  cost  of  equal  light  will  be  from  20  to 
100  per  cent,  greater  than  that  of  gas  is  well  within 
the  mark — indeed,  three  to  four  times  the  cost  of  gas  is 
often  found  to  more  nearly  represent  the  outlay  incurred. 
It  is  an  open  secret  nowadays  that  the  cost  of  producing 
electrical  energy  runs  somewhat  about  the  equivalent  of 
gas  at  4s.  to  4s.  3d.  per  1,000  cubic  feet 

In  the  mention  of  the  lamp  life  of  900  hours,  Mr.  Preston 
is  hardly  quoting  the  results  of  experience,  as  it  has  been 
found  on  English  central  stations  circuits  that  600  to  600 
hours  is  the  most  to  be  reckoned  upon  where  anything  like 
an  attempt  is  made  to  incandesce  the  lamps  to  give  16  c.p. 
at  about  3*5  watts  per  candle-power. 

The  point  not  often  raised  in  favour  of  the  electric 
illuminant,  but  one  which  more  than  any  other  tends  to 
reduce  the  charges  made  on  the  consumer,  is  the  facility 
for  suddenly  lignting  up  any  premises  at  any  hour  of  the 
night,  thus  economising  over  gas  where  every  burner  con- 
sumes two  to  three  cubic  feet  per  hour.  This  effect  has, 
however,  been  unfelt,  be<Sause  so  few  stations  as  yet  give 
24  hours'  supply. — ^Tours,  etc., 

Charles  BL  Teaman. 

Electric  Department^  City  Engineer's 
Office,  Liverpool,  W.,  Dec.  2. 


Swiss  Telesraphs. — Dr.  Bothen,  hitherto  Director  of 
Swiss  Telegraphs,  has  been  appointed  to  the  vacant  post  of 
Director  of  International  Telegraphs,  in  the  place  of  the 
late  M.  Frei. 
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NOTES  ON  EGONOHT  IN  CONDUCTORS. 

{Conitmied  from  pcLge  499). 

The  total  annual  expenditure  in  the  production  of 
110,000  watts  is  therefore  £770  for  2,808  hours  (54  hours 
per  week)  per  annum,  or  XT  — 0'6d.;  hence  <  =  26 '7  very 
approximately  if  we  assume  use  of  bare  wire  and  take 
copper  at  9^.  per  pound,  and  interest,  depreciation,  etc.,  on 
cable  at  15  per  cent. 

Then,  since  <»26'7 

V  =  2,000 
n=10, 
tan  <^  =  0-1335 

and  G  »  49*6  amperes 

D  =  547  amperes  per  square  inch. 

The  necessary  conductor  would  weigh  about  10,1 201b. 
per  mile,  and  cost  £390  per  mile.  In  it  the  loss  of  power 
would  be  about  12  per  cent.,  so  that  we  rather  over-esti- 
mated it  when  taking  this  at  15  per  cent. 

The  following  general  notes  on  conductors  may  be  of 
some  use : 

Of  cables  of  the  same  class  of  insulation,  and  the  same 
insulation  resistance  per  mile,  and  the  same  cross-sectional 
area,  a  single  wire  is  the  cheapest,  and  the  fewer  the  number 
of  wires  in  a  strand,  the  cheaper  is  the  cable.  For  example, 
take  Silvertown  class  S,  in  which  the  single  wires  are  about 
18  per  cent  cheaper  than  the  stranded  cames  of  equal  cross- 
sectional  area. 

A  concentric  cable  is  generally,  as  you  would  expect, 
considerably  dearer  than  two  separate  conductors  with  the 
same  class  of  insulation  and  th&  same  insulation  resistance 
per  mile  between  the  going  and  return  conductor. 

A  cylinder  of  copper  of  one  square  inch  area  and  one  mile 
long  weighs  20,4001o.,  or  9*1  tons  very  approximately,  and 
it  iuia  a  resistance  of  0*0425  co  per  mile  at  60deg.  F. 

Such  a  cylinder  100  yards  long  weighs  1,1601b.,  or  0*52 
tons,  and  has  a  resistance  of  0*0024  (i>  per  mile  approxi- 
mately. 

These  values  apply  equally  to  stranded  cables  with  a 
hii^h  degree  of  approximation. 

With  stranded  cables  the  effective  area  of  cross-section 
and  the  weight  per  mile  are  about  2j^  per  cent,  to  3  per 
cent,  greater,  and  the  resistance  per  mile  is  2^  per  cent  to 
3  per  cent  lees  than  that  of  a  cable  composed  of  the  same 
number  of  parallel  wires. 


COUPUNO  ALTERNATORS  IN  SERIES."" 

BT  PAX7L  BOUCHEROT. 

The  fact  is  well  known  that  if  two  alternate- current 
machines  are  connected  terminal  to  terminal  the  electro- 
motive forces  tend  to  become  opposed  to  each  other. 

The  explanation  of  this  phenomenon  has  been  given  by 


Fxo.  l.^ParticQlan  of  Two  Altemators  at  the  Moment  of  Connec- 
tion, Termina]  to  Terminal. 

L  E.M.F.  of  forward  dyoama  XL  E.M.F.  of  backward  dvnaino. 
m.  Total  E.M.F.  IV.  Current  raeoltingf rem  total  E.M.F.  V. 
Eiiei:gy  produced  by  forward  dynamo.  VL  Energy  produced  by 
backward  dynamo. 

Dr.  John  Hopkinson.    At  the  moment  of  coupling  there  is 
always  a  difference  of  phase,  however  small  it  may  be, 

*  Translated  from  UEkcfriden,  November  29,  1890. 


between  the  KM.F.'s  of  the  two  dynamos;  from  this 
results  (see  Fig.  1)  a  total  E.M.F.  whose  maximum  values 
are,  in  time,  at  equal  distance  from  the  maximum  values  of 
each  E.M.F. ;  in  other  words,  a  total  E.M.F.  which  has,  as 
difference  of  phase  between  itself  and  each  of  the  E.M.F.'s, 
half  the  difference  of  phase  existing  between  themselves. 
The  strength  of  current  which  results  from  this  total 
KM.F.  lags  somewhat  behind,  owing  to  the  self-induction, 
and  its  curve  approaches  most  nearly  to  that  of  the  E.M.F. 
of  the  backward  dynamo  than  to  that  of  the  other. 

It  results  from  this  that  the  energy  produced  by  this 
dynamo  is  the  larger,  which  again  contributes  towards 
increasing  its  lagging  until  the  moment  when  the  two 
E.M.F.'s,  separating  more  and  more,  at  last  become  in 
actual  opposition.  In  a  word,  the  opposition  of  the 
KM.F.'s  is  a  stable  equilibrium,  their  superposition  is  an 
unstable  equilibrium. 

It  is,  therefore,  only  by  reason  of  the  gradual  dwindling 
of  the  current  strength  behind,  a  dwindling  produced  by 
the  self-induction,  that  this  coupling  in  opposition  takes 
place  automatically.  It  is  easy  to  conceive  tnat^  if  instead 
of  a  dwindling  behind,  there  were  to  be  a  dwindling  in 
front — and  a  condenser  placed  in  circuit  will  give  this 
result (Z'i?/«c^ncwjn,  Nov.  15, 1890)— then  the  RiLR's  would 
group  themselves  in  series ;  the  curve  of  current  strength 
approaching  more  nearly  to  the  curve  of  KM.F.  of  the 
forward  dynamo  than  to  that  of  the  other,  the  energy  of 
this  dynamo  will  be  the  greater,  which  will  tend  to  retard 
it,  until  that  moment  when  the  KM.F.'s  approaching  each 
other  more  and  more  at  last  are  superposed. 

The  superposition  of  the  E.M.F.'s  will  then  be  a  stable 
equilibrium,  and  their  opposition  an  unstable  equilibrium. 

To  group  alternators  in  series,  then,  all  that  is  necessary 
to  do  is  to  introduce  in  their  circuit  a  capacity  weak  enough 
to  destroy  the  self-induction,  and  at  the  same  time  to 
reduce  sufficientlv  the  current  strength,  but  strong  enough 
not  to  have  too  large  a  0  KM.F.,  and  not  to  diminish  too 
much  the  available  difference  of  potential. 

As  with  the  self-induction,  so  with  the  current  strength. 
The  greater  the  reduction  (that  is,  the  smaller  C  becomes) 
the  better  the  coupling  will  take  place,  but  also  the  more 
the  available  difference  of  potential  in  full  work  will  be 
diminished. 

But  there  is  no  illusion  to  be  made  about  this  expedient, 
since  it  completely  forbids  the  use  of  such  apparatus  which, 
like  transformers,  only  work  usefully  by  reason  of  their 
self-induction,  as  it  is  necessary  to  destroy  this. 

It  is,  therefore,  necessary  to  diminish  first  the  current 
strength  in  the  machines  without  changing  the  respective 
position  of  the  phases  in  the  distributive  circuit.  This  will 
be  brought  about  by  placing  the  condenser  as  shunt  to  the 
terminals  of  the  distributing  circuit  (see  Fig.  2).  But  the 
necessary  capacity  is  no  longer  determined  by  the  relation 
(i>^  L  C  <  1.  This  is  not  only  a  function  of  the  self-induc- 
tion of  the  distributing  circuit,  it  is  also  a  function  of  its 
resistance. 


V«iMla^«^efiftr 


Oittribuiion 


I 


Fio.  2.— Coupling  Alternators  in  Series. 

It  is  sufficient  that  the  electrodynamometer  1  indicates  as  much 
as  the  electrodynamometer  2.    The  electrod]mamometer  .3  then 

fives  an  approximate  idea  of  the  amount  of  self-induction  in  the 
istribnting  circuit.    The  dotted  condenser  shows  the  position  of 
the  fixed  condenser  mentioned  afterwards. 

The  current  in  the  distributing  circuit  is 

J        T^        Bsinctf^-coLcosctf/ 


E 


tlMS 


R«  -h  ft>a  L« 
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and  that  in  the  condenser 

I't    ^  £  WMMB  ^  C  cos  0)  t 

The  total  intensity  is  therefore  : 

and  for  this  current  strength  to  be  in  advance,  the  coefficient 
of  cos  ui  ^  must  be  positive — ^that  is,  that  we  must  have : 

L 


C 


R«  +   U»2  JJ 


Now,  this  condition  can  be  realised  in  a  simple  manner, 
without  knowing  either  the  self-induction  or  the  resistance 
of  the  distributing  circuit : 

It  is  sufficient,  by  varying  the  capacity,  to  maintain  the 
available  current  strength  in  the  condenser  equal  to  the 
available  current  strength  in  the  distributing  circuit. 

In  fact,  in  the  condenser 

and  in  the  distributing  circuit 


I-  = 


Etof 


By  making  these  equal  we  get 


fi> 


C 


1 


n/R«  +  «d«L« 


>/R«  +  w2L«'"     r«  +  ««l«' 

and,  as  ^/R■  +  lo*  L*  is  always  greater  than  w  L,  we  get 

caL 


0) 


C> 


R2  +  ««L2' 


The  solution  is,  therefore,  simple.  It  is  not,  moreover, 
too  costly.  Suppose  that  it  is  desired  to  group  in  series  five 
machines  of  500  volts  and  25  amperes  in  order  to  obtain  a 
pressure  of  2,500  volts.  A  variable  condenser  of  a  maximum 
capacity  of  20  microfarads  will  suffice  for  all  the  require- 
ments  of  working.  The  microfarad  condenser  of  commerce 
to  resist  a  pressure  of  2,500  volts  will  cost  about  20s.  This 
is  not  an  excessive  expense.  It  might  be  considered  suffi- 
cient to  put  a  condenser  of  the  constant  capacity  of  20 
microfarads  upon  the  machines,  but  the  strength  of  current 
would  always  be  from  20  to  25  amperes,  whatever  the 
expenditure  in  the  distributing  circuit,  and  this  would  be 
less  advantageous  by  reason  of  the  r  I^  lost  in  the  armature. 
For  the  lest,  it  is  a  slight  inconvenience  of  this  proceeding 
to  make  the  r  V  lost  in  the  armature  larger  than  what  it 
would  be  without  condenser.  The  avaiUible  strength  of 
current  in  the  armature  is,  in  fact,  equal  to  the  available 
strength  of  current  in  the  circuit  multiplied  by 


^ 


2<i>L 


jR^  +  iJU 


and  unless  R  is  nil  it  is  always  larger  than  this  latter.   The 

largest  ratio  there  can  be  between  the  two  is  V2  for  L  =  0* 
The  loss  of  energy  in  the  armatures  can  therefore  attain  to 
twice  the  value  it  would  have  without  condenser. 

If  it  is  not  desired  to  allow  so  great  a  loss  and  to  rely 
upon  a  smaller  reduction,  it  would  be  necessary  to  know 
the  reduction,  ^  in  the  backward  direction  of  the  distribut- 
ing circuit,  and  to  make  the  available  current  strength  in 
the  condenser  rather  larger  than  the  product  of  the  avail- 
able current  strength  of  distribution  by  sin  ^. 

But  in  these  calculations  the  dynamos  to  be  coupled  are 
supposed  to  be  without  self-induction,  which  is  the  case 
only  in  theory.  In  practice,  the  dynamos  always  having 
some  self-induction,  this  must  be  kept  in  view.  Two  cases, 
then,  have  to  be  considered.  The  network  of  distributing 
mains  may  be  variable  in  resistance  and  self-induction,  or 
it  may  be  constant.  In  the  first  case,  it  is  always  pre- 
ferable to  bring  all  to  the  theoretical  case  in  which  there 
is  no  self-induction,  and  this  by  destroying  the  effects  of 
this  self-induction  by  a  constant  condenser,  e,  such  that 
M^/cal,  placed  in  the  circuit  of  the  dynamos  (see  dotted 
lines  Fig.  2).  Not  having  at  each  instant  any  idea  of  R  and 
of  L  of  the  distributing  circuit,  there  can  be  no  simple 
process  for  reducing  the  forward  current  strength  with  the 
sole  aid  of  the  condenser,  C,  placed  in  shunt  upon  the  dis- 
tributing circuit ;  by  the  adaition  of  the  condenser  c,  all 


that  is  necessary  to  maintain  the  series  coupling  is  to  vary 
C  at  the  same  time  that  R  and  L  vary  in  the  distributing 
circuit,  so  as  to  have  the  available  current  strength  in  the 
condenser  always  equal  to  the  available  current  strength  ot 
the  distributing  circuit 

The  addition  of  this  condenser,  c,  is  not  very  costly,  and, 
besides,  its  cost  would  be  regained  by  the  added  useful 
energy  of  the  machines. 

mien  the  values  of  the  resistance  and  of  the  self-induc- 
tion are  known,  one  single  condenser  in  shunt  on  the  circuit 
may  be  enough.  A  long  calculation,  which  it  is  not  neces- 
sary to  reproduce  here,  shows  the  condition  found,  in  order 
that  the  current  strength  shall  be  reduced  in  advance,  to  be 

wL  +  «/(l-««LC) 

from  which  the  extreme  limits  of  C  may  be  found. 

In  fine,  if  the  values  of  L  and  of  R,  although  variable, 
always  satisfy  the  condition  R>  ci»L>  2a>/yOreven  to 
this  other  condition,  more  complicated  but  less  exacting, 
R*  (2ftfL-ci)2)>(k)SLS(cDL -f  w/),  it  is  sufficient  to  vary 
the  condenser  in  such  a  way  that  the  available  current 
strength  in  its  circuit  shall  be  always  equal  to  the  total 
available  current  strength  which  flows  in  the  coils,  which 
leads  to  the  result  of  making  oi'L C  »  ^. 


THE  ELECTROMAGNET.* 

BY   PROF.   SILVANUS  P.   THOMFSOK,   D.80.,   B.A.,   ICI.B.B 

Lbgtukb  in. 
[pwdinued  frafm  page  486.) 

SPBCmOATIOllS  07  EliBOTBOlCAaNXTS. 

One  frequently  comes  across  speoifications  for  construction 
which  prescribe  that  an  electromsgnet  shall  be  wound  so  that  ita 
coil  ahaU  have  a  certain  resistance.  This  is  an  absurdity.  Resist- 
ance does  not  help  to  magnetise  the  core.  A  better  way  of  pre- 
aoribing  the  winding  is  to  name  the  ampere-turns  and  the 
temperature  limit  of  heating.  Another  is  to  prescribe  the  number 
of  watts  of  energy  which  tl^  magnet  is  to  take.  Indeed,  it  would 
be  well  if  electricians  could  agree  upon  some  sort  of  figure  of  merit 
by  which  to  compare  electromagnets,  which  should  take  into 
account  the  magnetic  output — t.e.,  the  product  of  magnetic  flux 
into  magneto-motive  force ;  the  consumption  of  energy  in  watta, 
the  temperature  rise,  and  the  like. 

Amateur  Rvlb  about  Rbsistancb  ov  EuiOTROMAoinET  and 

Battery. 

In  dealing  with  this  question  of  winding  copper  on  a  magnet 
core,  I  cannot  desist  from  referring  to  that  rule  which  is  so  often 
given,  which  I  often  wish  might  disappear  from  our  teit-books : 
the  rule  which  tells  you  in  effect  that  you  are  to  waste  BQ  per  cent, 
of  the  energy  vou  employ.  I  refer  to  the  rule  which  states  that 
you  will  set  the  maximum  effect  out  of  an  electromagnet  if  you  so 
wind  it  that  the  resistance  is  equal  to  the  resistance  of  the  falattery 
you  employ  ;  or  that  if  you  have  a  magnet  of  a  given  resistance 
you  ought  to  employ  a  battery  of  the  same  resistance.  What  Is 
the  meaning  of  this  rule  T  It  is  a  rule  which  is  absolutely  meaning- 
less, unless  in  the  first  case  the  volume  of  the  coil  is  prescribed  once 
for  all,  and  you  cannot  alter  it,  or  unless,  once  for  all,  the  number 
of  battery  elements  that  you  can  have  is  prescribed.  If  you  have 
to  deal  with  a  fixed  number  of  battery  elements,  and  you  have  to 
get  out  of  them  the  biggest  eftect  in  your  external  circuit,  and  you 
cannot  beg,  buy,  or  borrow  any  more  cells,  it  is  perfectly  true  that, 
for  steady  currents,  yon  ought  to  group  them  so  that  their  internal 
resistance  is  equal  to  the  external  resistance  that  they  have  to 
work  through  ;  and  then,  as  a  matter  of  fact,  half  the  energy  of 
the  battery  will  be  wasted,  but  the  output  will  be  a  maximum. 
Now  that  is  a  very  nice  rule  indeed  for  amateurs,  because  an  ama- 
teur generally  starts  with  the  notion  that  he  does  not  want  to 
economise  in  his  rate  of  working  ;  it  does  not  matter  whether  the 
battery  is  working  away  furiously,  heating  itself,  and  wasting  a 
lot  of  power ;  all  he  wants  is  to  have  the  biggest  possible  effect  for 
a  little  time  out  of  the  fewest  oells.  It  is  purely  an  am^«ur*s  rule, 
therefore,  about  equating  the  resistance  insioe  to  the  resistance 
outside.  But  it  is  absolutely  fallacious  to  set  up  any  such  rule 
for  serious  working;  and  not  only  fallacious,  but  absolutely 
untrue  if  you  are  gomg  to  deal  with  currents  that  are  goine  to 
be  turned  off  and  on  quickly.  For  any  apparatus  like  an  elec- 
tric bell,  or  rapid  telegraph,  or  induction  ooil,  or  any  of  those 
things  where  the  current  is  going  to  vary  up  and  down  lupidly, 
it  is  a  false  rule,  as  we  shall  see  presently.  What  is  the  real 
point  of  view  from  which  one  ought  to  start !  I  am  often  asked 
questions  bv,  shall  I  sa^,  amateurs,  as  well  as  by  those  who  are  not 
amateurs,  about  prescribing  the  battery  for  a  given  electromagnet, 
or  prescribing  an  electromagnet  for  a  given  battery.  Again,  I  am 
often  told  of  cases  of  failure  in  which  a  very  Utile  oommon-eense 
rightly  directed  might  have  made  a  success.  What  one  ought  to 
think  about  in  every  case  is  not  the  battery,  not  the  electromagnet, 

*  Cantor  Ipcturos,  deliverod  before  the  Society  of  Arts, 
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but  ttw  Una.  If  jo\i  hara  m  line,  then  yon  mnat  have  *  battery 
Mid  electronugnet  to  coirwpond.  If  the  line  is  ihort  and  thicli,  & 
few  feet  of  good  copper  wire,  yon  should  Iwve  s  short  thick  battery 
(a  few  ing  cetle,  or  one  big  cell),  and  a  Bbart  thick  coil  od  your 
electromagnet.  If  you  hare  a  Ions  thin  line,  milea  of  it,  say,  yon 
waut  a  long  thin  bi^tery  {small  cells,  and  a  long  row  of  them)  and 
a  long  thin  coil.  That  ia,  then,  our  rale,  for  a  short  thick  line,  a 
•hort  thick  battery,  and  a  short  thick  coil ;  tor  a  long  thin  line,  a 
long  thin  battery  ;  and  electromagnet  coils  to  match.  Yon  smile  ; 
but  it  ifl  a  really  good  rule  that  I  am  giving  you  ;  vastly  better 
than  the  worn-out  amateur  rule. 

Bnt,  after  all,  my  rule  doee  not  settle  the  whole  question, 
becaose  there  is  eometbing  more  than  the  whole  reaistance  of  the 
circuit  to  be  taken  into  account.  Whenever  you  come  to  rapidly- 
acting  apparatus  you  have  to  think  of  the  fact  that  the  current, 
while  varying,  ie  governed  not  so  mach  by  the  reeistonce  ae  by  the 
inertia  of  the  circuit— its  electromseoetia  inertia.  As  this  is  a 
matter  which  will  claim  our  eapeci^  attention  hereafter,  I  will 
leave  batteiy  rules  tor  the  present,  and  proceed  with  the  qneition 
of  design. 

FoKMS  or  Eleitiibohaonits. 

This  at  once  leads  ub  to  consider  the  classification  of  forme  of 
magnets,  I  do  not  pretend  to  have  found  a  complete  classiGca- 
Uon.  There  is  a  vary  singolar  book,  written  by  Mens.  Nickl&s,  in 
which  he  olaBsiGes  under  37  difTerent  heads  all  conceivable  kinds  of 
maenete,  bidroniic,  tridromic,  monocnemio,  multidromic,  and  I  do 
not  know  how  many  nuHV  ;  bnt  the  classification  ia  both  unmean- 
ing and  unmanageable.  For  my  preeant  pnrpoee  I  will  simply 
pick  oat  those  which  oome  nnder  three  or  four  beads,  and  de^ 
aepMstely  with  others  that  do  not  quite  fit  under  any  of  the  four 
cat^iaries. 

Bar  Sltceronuii/tuli. — In  the  first  plaoe  there  are  those  which 
have  a  straiKbt  oora,  of  which  there  are  several  speoimenB  on  the 
table  here. 

Hormhoe  EUftromajfntla.~~1h«a  there  are  the  horeesboee,  of 
which  some  are  of  one  piece  bent,  and  others  are  of  the  more  fre- 
quent shape,  made  of  three  pieces. 

Inm-clad  EUiUnyTnagntii. — Then  from  the  horeeshoes  I  ko  to 
those  mi^nete  in  which  the  return  circuit  of  the  iron  comes  oack 
outside  the  coil  either  from  one  end  or  the  other,  or  from  both 
ends,  sometimes  in  the  form  of  an  external  tube  or  jacket,  eome- 
timea  merely  with  a  parallel  return  yoke,  or  two  parallel  return 
yokes.  All  each  magnete  I  propose  to  call — following  the  fashion 
that  has  been  adopted  for  dynamos — iroD-clod  electromagnete. 
One  of  them,  the  jacketed  electromaenet,  ia  shown  in  Fig.   13, 

f.  317,  and  there  are  otheie  not  so  well  known.  There  is  one  used 
y  Mr.  Cromwell  Varley,  in  which  a  straight  magnet  ia  placed 
between  a  couple  of  iron  caps,  which  St  over  the  ends,  and  virtu- 
ally bring  the  poles  down  close  together  ;  the  circular  rim  of  one 
Dap  being  the  north  pole,  and  that  of  the  other  cap  t>eiDg  the  sooth 
pole,  the  two  rims  being  close  together.  That  plan,  of  course, 
produces  a  great  tendency  to  leak  across  from  one  rim  to  the  other 
all  round.  The  advaat^ee,  as  well  as  the  disadvantaBea,  of  the 
jacketed  magnet  I  alludea  to  in  my  last  lecCore,  when  I  pointed  out  to 
you  that  for  all  actionatadietance  it  is  for  better  nottohavean  iron- 
clad return  p^th,  whereae  for  action  in  contact  the  iron-clad  magnet 
was  distinctly  a  very  good  form.  Inoneform  of  iron -clad  magnet  the 
end  of  the  itiaight  central  core  is  fixed  to  the  middle  of  a  bar  of 
iron,  the  ends  of  which  are  tient  ap  and  brought  flush  with  the  top 
of  the  ix)bbin,  making  thus  a  tripolar  magnet,  with  one  pole 
between  the  other  two.  The  armature  in  this  form  is  a  bar  which 
lies  right  across  the  three  poles.  There  is  an  example  of  this 
eicellent  kind  of  electromagnet  applied  in  one  of  the  forma  of 
electric  Itell  indicator  made  by  Messrs.  Oent,  (^  Leicester. 


Fia.  1 


— Clnb-footad  ElectM)magiiet. 


Than  beeidee  tkeee  three  main  classes — the  straight  bar,  the 
horsaehoe,  and  the  iron.olad — there  is  anoUier  form  which  is  so 
useful,  and  so  commonly  employed  la  certain  work  that  it  deserves 
to  have  a  name  of  its  own.  It  ia  that  called  by  Count  du  Monoel 
the  aitnoMt  txAUya,  or  club-footed  magnet.  Fig.  60.  It  ia  a  horae- 
shoa,  in  fact,  with  a  ooil  upon  one  pole  and  no  coil  upon  the 
other.  The  advantage  of  that  construction  ia  simply,  I  suppose, 
that  you  will  save  labonr— you  will  only  have  ta  wincf  the  wire  on 
one  pole  instead  of  two.  Whether  that  is  an  improvement  in  any 
other  seDse  is  a  question  for  experiment  to  determine  ;  but  on 


Dn  Uoncel,  i 


lO  made  many  experiments  on  this  form  of  niagnet, 


1  power  with  the  club-footed  magnet. 
might  almost  predict  for  a  given  weight  of  copper,  if  yon  wound 
mil  in  one  ooil  only,  you  will  not  make  as  many  tuma  as  if  yon 
wound  it  in  two  ;  the  outer  turns  on  ^e  coil  being  bo  much 
larger  than  the  average  turn  when  wound  in  two  c«Us.  Conse- 
qnently,  the  number  of  ainpere-tnms  with  a  given  weight  of 
copper  would  be  rather  smaller,  and  you  wonU  require  more 
enrreat  to  bring  the  magnetising  power  up  to  Uie  same  value  as 
with  the  two  noils.  At  the  same  time  the  one  ooil  may  be  pro- 
4nced  a  little  more  cheaplj'  than  the  two  ;  and,  iDdaed,  niob  wo- 


,     .  .  being  largely  naed,  for  the 

sake  o?  cheapness  and  compactnesa,  in  indicators  of  electric  balk. 
OuMoncel  tried  various  ex  perimentsabont  this  form  to  find  whathar 
it  acted  better  when  the  srmatnre  was  pivoted  over  one  pole  or  over 
the  other,  and  found  it  worked  beet  when  tbearmatura  was  actually 
hinged  on  to  that  pole  which  comea  up  through  the  coiL  He  mads 
two  eiperimenta,  trying  coils  on  one  or  other  limb,  the  armature 
being  in  each  case  set  at  an  equal  distance.  In  one  experiment  he 
found  the  pull  was  ^  grammes,  with  an  armature  hinged  on  to 
the  idle  pole,  and  40  grammee  when  it  was  hinged  on  bo  the  pole 
which  carried  the  coil. 

AnotJier  form  of  electromagnet  having  bnt  one  coil  ia  used  in 
the  electric  bells  of  church  bell  pattern,  of  which  Mr.  H.  Jensen 
is  the  designer.  In  Jensen's  electrometftiet  a  straight  cvUndrical 
core  receives  the  bobbin  for  the  ooiC  and  after  this  nas  been 
pushed  into  its  place  two  ovate  pole-pieces  are  acrewad  npon  its 
ends,  serving  thus  to  bring  the  magnetic  circuit  acroes  the  ends  of 
the  bobbin,  and  forming  a  magnetic  gap  alonz  the  side  of  the 
bobbin.  The  armature  ia  a  rectangular  strip  ot  soft  iron,  about) 
the  same  length  as  the  core,  and  ia  attracted  at  one  end  by  one 
pole-piece,  and  at  the  other  end  by  the  other. 
ErnuT  or  Size  or  CoiLB, 
Seeing  that  the  magnetiaing  power  which  a  coil  ezerte  on  the 
magnetic  circuit  which  it  surrounds  is  simply  proportional  to  the 
ampera-turna,  it  follows  that  those  turns  which  lis  on  the  ontelda 
layers  of  the  coil,  though  they  are  further  awayf  ram  the  iron  core, 
poaeoBB  precisely  equal  magnetising  power.  This  ia  strictly  true 
for  all  closed  magnetic  oircuite  ;  but  in  those  open  magnetic 
oirouita  where  leakage  occura  it  ia  only  true  for  thoee  ooils  which 
encircle  the  leaksce  liuee  also.  For  example,  in  a  short  bar  electro- 
magnet of  the  wide  turns  on  the  outer  layer,  tboae  wbioh  encircle 
the  middle  part  of  the  bar  do  encloee  all  the  magnetic  lines,  and 
are  juat  as  operative  aa  the  amaller  turns  that  underlie  them,  whilst 
thoee  wide  turns  which  encircle  the  end  portions  tA  the  bar  are  not 
so  efficient  aa  some  of  the  magnetic  Uiiee  leak  back  past  tbeee  coils. 
Effboi  of  FosmoK  or  Coils. 
Among  the  other  researchea  which  Dn  Moncel  made  with  respect 
to  electromagneta  was  one  on  the  beat  position  for  placing  the  coil 
upon  the  iron  core.  Thia  ia  a  matter  that  other  experimenters  have 
examined.  In  Dub's  boek  "  SleotromaRnetiamus,  to  whidi  I  have 
several  times  referred,  you  will  also  find  many  eiperimenta  on  the 
beat  position  of  a  coil ;  but  it  ia,  perhapa,  suScient  to  narrate  a 
single  example.  Du  Moncel  had  four  pairs  of  bobbins  made  of 
exactly  the  same  length,  and  with  SO  metres  of  wire  on  each,  one 
pair  waelecentimetrealong,  another  pair  eight  centimetres,  or  half 
the  length,  with  not  quite  so  many  turns,  because,  of  course,  the 
diameter  tA  the  outer  turns  was  lai^r,  one  four  centimetree  in 
length,  and  another  two  centimetree.  These  were  tried  both  with 
bar  magnets  and  horeeshoes.  It  will  snfBee,  pathape,  I«  give  the 
result  of  the  horseehoa.  The  horseehoe  was  made  long  enough — 
16  centimetres  only,  a  little  over  6in.  long — to  carry  bbe  longest 
coil.  Now,  when  the  compact  ooila  two  oentimetrea  Imig  were  used, 
the  pull  on  the  armature  at  a  diatance  away  of  two  millimetres 
(it  was  always  the  tome,  of  course,  in  the  expedroents)  waa  40 
grammes.  Using  the  same  weight  of  wire,  but  distributed  on 
the  coils  twice  as  long,  the  pull  was  66  grammes.  Using  the  ooils 
eight  centimetres  long,  it  was  75  grammee ;  and  using  the  coils 
16  centimetres  long,  covering  the  length  of  eau^  limb,  the  pull 
was  S5,  clearly  showing  that,  where  you  have  a  given  length  of 
iron,  the  beet  way  of  winding  a  magnet  to  make  it  pull  with  its 
greateet  pull  ia  not  to  heap  the  coil  op  Etgainat  the  polee,  but  to 
wind  it  uniformly,  for  thia  mode  of  winding  will  give  you  more 
turna — therefore  more  ampere-tuma,  therefore  more  magnetisation. 
An  exception  might,  however,  occur  in  some-oasa  where  there  is  a 
large  percentage  of  leakage.  With  club-footed  magnets  reeulta 
of  the  same  kind  are  obtained.  It  was  found  in  every  case  that  it 
waa  well  to  distribute  the  coil  aa  mnch  aa  poesible  along  the  length 
of  the  limb.  All  these  experiments  were  made  with  a  ateady 
current.  It  does  not  follow,  however,  because  winding  the  wire 
over  the  whole  len^  of  core  ia  beat  for  ateady  currenta  that 
'•'-,  1b  the  best  winding  in  the  esse  of  a  rapidly-varying  oarreut  | 
ideed,  we  ehall  see  that  it  is  not. 


SlOTIOII. 


So  far  aa  the  carrying  capacitor  for  magnetic  lines  ia  oonoernad, 
one  shape  of  section  of  cores  is  as  good  as  another  ;  square  0t 
rectangular  ia  as  good  as  round  if  containing  eqnal  secUonal  area. 
But  there  are  two  other  reasons,  both  of  which  tell  in  favour  ot 
round  cores.  Firat,  the  leakage  of  magnetic  lines,  from  core  to 
core  ia,  for  equal  mean  distances  aurt,  proportional  to  the  aurfaoa 
of  the  core ;  and  the  round  core  has  leae  aurfaoe  than  square  or 
rectangular  of  eqnal  section.  All  edges  and  corners,  moreover, 
promote  leakage.  Secondly,  the  quantity  of  oopper  wire  that  is 
required  for  each  turn  wifl  be  lees  for  round  cores  thou  for  cores  . 
any  other  shape,  for  of  all  geometrical  figures  of  equal  area  the 
circle  is  the  one  of  the  least  periphery. 

EinuTT  or  Distakce  BsrwaaH  P01.U. 


and  Nicklte  likewise,  was  the  distanoe  between  the  poles.  Dnfa  o.  _ 
sidered  that  it  made  no  difference  how  far  the  poles  ware  apart. 
Nicklie  had  a  special  arrangement  made  which  permitt«d  him  to 
move  the  two  upright  cores  or  limbs,  nine  centimetres  high,  to 
and  fro  on  a  solia  bench  or  yoke  of  iron.  His  armature  waa  30 
centimetres  long.  Usin^  very  weak  onrmits-  he  found  the  effaot 
bast  whan  the  shortest  distance  between  the  poles  was  three  oenti- 
— -'iree;  with  •  stronger  onrrent  12  oantimatrea;  and  with  hia 
ingest  onrr^t  nearly  30  centimetres.  I  tUnk  leakage  mnili 
b«ve»deal  1:9  do  witb  these  results.    Dn  Honoel  tried  various 
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taptriauntm  lo  elnoidste  this  mattor,  ftnd  lo  did  Prof.  Hoghe*,  in 
•n  ImprntADt,  bat  too  little  known  raaearcli,  vhioh  cameoat  in  the 
"  AnnBlM  TiUgntphiquea  "  in  bh«  year  1802. 

RUKAROKU  OF  PaoF.  HnOBBS. 
HIb  object  WM  to  find  ont  the  beat  torin  of  electroraftt;net,  the 
beatdiataaoe  batweon  the  poles,  and  ths  best  form  of  armatura  for 
the  ntpjd  work  required  in  Hughei  printing  telegraphs.  One  word 
•boat  Hughea'i  nuenet.  This  di^K'^'Oi  'P'g-  51  •  bSowb  the  form 
of  the  well-known  Hughee'a  electromagnet.  I  feel  almost  aahamed 
to  aay  those  worda  "  well-known,"  because  although  on  the  Conti- 
nent everybody  knows  what  you  mean  by  a  Haghee's  electromag- 
net, ia  England  scarcely  anyone  knows  what  you  mean.  EnglisS- 
men  do  not  even  know  that  Prof.  Hughes  bos  invented  a  special 
form  of  eleotroma((nBt.  Hughes's  special  form  is  this  :  A  perma- 
nent steel  magnet,  generally  a  compound  one,  having  soft  iron 
pole-piecea,  and  a  coaple  of  coils  on  the  pole-pieces  only.  As  I 
have  to  ap^k  of  Hughes's  special  COD  trivanoeamonzst  the  mechan- 
isms that  will  occnpy  our  attentioD  next  week,  I  only  now  refer  to 
this  ma{>aet  in  one  particalar.  If  you  wish  a  magnet  to  work 
mpldly  j^oa  will  secure  the  most  rapid  action  not  when  the  coils 
are  distributed  all  along,  but  when  they  are  heaped  up  near,  not 
necessarily  entirely  on  the  polee.  Hughes  made  a  number  of 
researohes  to  find  out  what  the  right  length  and  thickneea  of  these 
pole-piecea  ahonld  be.     It  was  found  an  advantage  Dot  to  use  too 


anrn,  being  choked  by  inauSciency  of  section  ;  also 
thick  piecee,  otherwise  they  presented  too  much  surface  for  leakage 
across  from  one  to  the  other.  Eventually,  a  particular  length  was 
settled  upon,  in  proportion  about  six  limes  the  diameter,  or  rather 
longer.  In  the  further  researches  that  Hughes  made  he  used 
a  magnet  of  shorter  form,  not  shown  here,  more  like  those 
employed  in  relays,  and  with  an  armature  from  two  to  three  milli- 
metres thick,  one  oaatimetre  wide,  and  five  centimetrea  long.    The 


Fio.  61. — Hughes's  Electromagnet. 

poles  were  tamed  over  at  the  top  towards  one  another.  Hughes 
tried  whether  there  was  any  advantage  in  making  those  polee 
approach  one  another,  and  whether  there  was  lay  advantage  in 
having  as  long  an  armatore  as  Sve  centimetres.  He  tri^  all 
different  kinds,  and  plotted  out  the  results  of  observations  in 
curves,  which  could  be  compared  and  studied.  His  object  was  to 
asoarbdo  the  conditions  which  would  give  the  strongest  pull,  not 
with  a  steadv  curreot,  but  with  such  currents  as  were  required  for 
operating  his  printing  telegraph  Initnunento  ;  currenta  which 
lasted  but  one  ba  twenty  hnndradths  of  a  second.  He  found  it  was 
decidedly  an  advantage  to  shorten  the  length  of  the  armature,  so 
that  it  did  not  protrude  far  over  the  pouie.  In  fact,  he  got  a 
Bofficient  magnetic  circuit  to  secure  all  the  attractive  power  that 
he  needed,  irithout  allowing  as  much  chance  of  leakage  as  there 
would  have  been  had  the  armature  extended  a  longer  distance  over 
Uie  polea.     He  also  tried  various  forma  of  armature  having  vary 

(To  be  eontinvtd). 


_    _^ —The  following  has  been 

oommunlcated  to  us  by  the  Secretary  :  The  first  annual  general 
meeting  of  this  Company  took  place  on  Wednesday,  Mr.  B.  R. 
Cammins  in  the  choir.  The  report  and  accounts  were  taken  as 
read.  The  Ch^rman  then  report«d  that  the  details  of  the  contract 
for  the  conetruotion  of  the  flrst  line  of  omnibuses  and  for  the 
charging  station  had  now  been  Bnally  settled  with  the  Electric 
Construction  Corporation,  Limited,  and  that  the  work  will  be  at 
onoe  prooeeded  with,  and  also  that  the  Board  intended  as  soon  ss 
this  Une  is  mnning  to  form  a  sob-oompany  for  London  to  take 
over  the  station  and  omnibuses  and  to  work  a  large  line  of 
vehicles.  Tba  Managing  Director  reported  having  reoeived  an 
Older  (or  an  eleotrical  van  for  trade  pnrpoeee  from  a  firm  who 
intend  to  Ituvely  inttodnoe  them,  alio  that  an  important  tramway 
company  had  praotioally  oondnded  to  place  a  cootract  with  bhu 


UTILISING  WATEB  POWER  AT  GRENOBLE. 

A  very  striking  illuatration  oi  the  utilisation  of  water 
power  hy  electricity  in  mountainous  districU,  where  it 
would  be  utterly  impossible  to  erect  factoriea,  is  to  be 
found  at  a  paper  mill  in  Moutier,  near  Grenoble.  The 
generating  plant  is  placed  in  a  small  building,  sitoated 
quite  alone  in  the  mountains;  turbines  obtain  their  water 
through  steel  sheet  tubes  from  a  point  about  220ft.  above, 
on  the  Pic  de  Beltedoune,  and  an  overhead  conductor  of 
3J  miles  length  tupplies  the  current  to  the  electromotor  in 
the  paper  mill.  The  following  data  of  the  resistances  and 
efficiency  will  be  of  interest ; 

^"^  &r»".p;!-  ■  "™""i»"  (imr 

Highest  pressure  in  overhead  conductor,  2,850  voltd ; 
largest  current  in  overhead  conductor,  70  amperes. 
Bksistances. 

Conductor  3*474  ohms. 

Dynamo 

Magnets 0'95        „ 

Armature   0-984      „ 

Magnets 0731       „ 

Armature   0690      „ 

Total  6-829  ohms. 

Electrical  efficiency,  83  per  cent. ;  mechanical  efficiency, 
65  per  cent. 

Since  its  inauguration  last  year  the  plant  has  been 
running  day  and  night  without  a  single  hitch,  even  during 
the  four  winter  months. 


5,067 

3,064 
2.806 
2.904 

2.400 
8310 

2.sse 

2,217 


ELECTRIC  LIGHnNG  TENDERS. 

The  following  tenders  have  been  sent  in  for  putting  up 
an  electric  light  installation  at  the  Mulling  Dietaict 
Lunatic  Asylum,  county  Westmeath,  from  plans  and  speci- 
fications prepared  by  Mr.  W.  Kaye  Parry,  M.A.,  B.K,  civil 
engineer,  36,  Dame-street,  Dublin  : 

'Contrsetl.    fContnct2.        Total, 

Siemens  Bros,  and  Co.,  London  ...£2,907     £716     £3,713 

Lstintcr  Clark,  Huirhead,  and  Co., 

London 2,512    I 

Kathleigb,    Pbippe,   and    Damon, 

London 2,435    i 

Edmuodwo,  Dublin    2,280    I 

W.  T.  Gooldenand  Co.,  London  ...    2,271     < 

Fowlsr,Laiio>Bter,  and  Co.,  Limited, 

Birminnhsm 1,866    . 

Uatberand  PUtt,  Maochsster  1,820     

B.  Verity  and  Sons,  London 1,769     

Sharp  and  Kent,  London   1,692    

Electric  Engineering  C".  of  IrsUnd    1,677    413     2|090 

Mancheater      Edisou  -Swan      Co., 

Limited 1,655     560    2,206 

J.  D.  F.  Andrews  and  Co.,  Loudon     1,395     565     1,960 

Wood  house   and    Rawion   United, 

Limited,  Undon 1,357     433    1,790 

Electric    EDginesring   Corporation, 

Wait  Drayton  1,310    446     1,766 

Crompton,  Limited,  Chelmsford  ...    2,310     —      — 

Drake  and  Oorham,  London 2,261     —       ....        — 

Ths  Qulcber   EEectrio    Light  Co., 

limited,  London 2,046    —      — 

J.  £.  H.  Gordon,  London 1,860    —      — 

*  Contract  1  it  for  lighting  the  whole  building  by  direet  oanent, 
without  sooumulators  ;  inolnding  fixing  and  sapplyug  70-Ilp.  (Lodi- 
cated)  steam  engine,  working  at  601b.  ud  noD-oanden>iuig(&o  Douen); 
dynamo  ^ving  106  volta  and  350  amperM.  with  belting,  switch- 
boards,  wiring,  etc.  (iuolndiug  cottiog  away  and  making  good  walla 
and  ceiliDga).  The  whole  to  be  Kosrantesd  for  six  moDtht.  The 
total  number  of  Ismps  to  be  fitted  up  is  430  of  16  e.p.  and  20  of 
200  o.p. 

t  Contract  2  is  nipplementary  to  No.  1,  and  inolndsa  eonntarabaft- 
ing  for  driving  the  above- mentioned  dynamo,  and  the  [OQTision  of 
smaller  oae,  giving  130  volts  and  60  amperes,  with  a  sat  ef  60, 
23L  £.P.a.  oella,  together  with  tba  provision  ol  switchboards, 
instruments,  and  necessary  cables  complete. 

NoTK.— Several  eitimaUs  were  disqualified,  probablT  owing  to 
some  ambiiiaity  in  the  specification  ss  to  the  meaning  of  tna  following 
expression  ;  "  Estinate  No.  2  to  embrace  the  works  in  tile  aopple- 
mental  specification,  appendix  C,"  which  eridently  might  be  taken  to 
mean  the  inclusion  ot  the  whole  of  both  plants,  but  whieb  has  been 
fonnd  to  mean  an  esUmste  for  the  aonnmnlator  plant  only. 
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INVESTIGATION  OF  THE  STANLEY  ALTERNATE 
CURRENT  ARC  DYNAMO'' 

BY  W.  B.  TOBSY  AND  G.  H.  WALBRID6E. 

Before  entering  directly  upon  the  subject  to  be  presented 
this  evening — ».«.,  the  investigation  of  the  Stanley  alternate- 
current  arc  dynamo,  it  may  be  well  to  give  a  brief  descrip- 
tion of  that  new  and  extremely  novel  type  of  machine. 
Descriptions  of  it  have  been  given  in  some  of  the  electrical 
papers  during  the  past  spring,  but  some  here  may  not 
recall  its  general  mechanical  construction.  The  dynamo  is 
manufactured  and  sold  by  the  Westinghouse  Electric  Com- 
pany under  patents  granted  to  Mr.  Wm.  Stanley,  jun., 


Fig.  1.— a  a,  Ammeters.    V,  Voltmeter. 

the  inventor.  Mr,  Albert  Schmid,  superintendent  of  the 
Westinghouse  Electric  Company's  shops,  deserves  much 
credit  for  perfecting  the  machine  in  detail,  and  to  him  is 
largely  due  its  success  commercially.  In  general  appear- 
ance it  closely  resembles  the  Westinghouse  alternate-current 
constant-potential  dynamo,  which  has  become  so  familiar 
to  all.  In  fact,  the  frame,  pole-pieces,  field  windings,  etc., 
for  any  given  size  machine  are  identical,  whether  for 
constant  current  or  constant  potential.  The  distin- 
guishing feature  between  them  lies  wholly  in  the  form 
and  winding  of  the  armatures.  Figs.  12  and  13,  showing 
diagrammatically  half-sections  of    the  machine,  will    aid 
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U8  in  a  description  of  the  armature,  which  is  built  up  of 
thin  iron  plates  stam(»ed  in  the  form  shown.  It  will  be 
observed  that  a  number  of  cores  corresponding  to  the 
number  of  poles  on  the  dynamo  project  radially^  from  the 
armature,  and  from  the  sides  of  each  core  project  over- 
lapping lugs.  The  armature  coils  are  not  of  the  oridnal 
*' pan-cake  or  oblong  flat  coil  type,  placed  on  the  periphery 
of  the  armature,  but  are  quite  thick,  and  placed  around 
the  core  projections.  The  overlapping  lugs  serve  the 
doable  purpose  of  preventing  the  coils  from  slipping  off 
the  cores,  and  also  aid  in  the  regulation  of  the  machine. 
All  the  armature  coils  are  connected  in  series  and  the 
terminals  connected  to  the  two  collector  rings,  upon  which 

I  %*  Paper  read  before  the  Amerioao  Institute  of  Electrical  Engi- 
neers, r^ew  York. 


bear  the  brushes  furnishing  current  to  the  line.  The  field 
coils  are  also  in  series,  so  connected  that  the  poles  pre- 
sented to  the  armature  are  of  alternate  polarity.  The 
terminals  of  the  field  go  directly  to  a  small  shunt^wound 
exciter.  Thus  it  is  seen  that  the  machine  consists  simply 
of  an  even  number  of  field  coils,  corresponding  to  the 
number  of  poles  on  the  machine,  joined  in  series,  and  an 
equal  numbsr  of  armature  coils  also  joined  in  series. 
That  from  such  a  simple  combination  of  coils  without  an^ 
external  regulating  device  an  almost  constant  current  is 
obtained  for  sdl  loads,  from  short  circuit  to  the  maximum 
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output  of  the  machine,  seems  incredible,  but  such  is  the 
case. 

Through  the  kindness  of  Mr.  Stanley,  a  complete 
40-light  plant  was  sent  the  writers  at  Cornell  University, 
at  which  institution  we  were  then  students.  Later,  the 
Westinghouse  Company  made  the  university  a  gift  of  the 
entire  plant  It  has  been  our  aim  to  show  how  the  regu- 
lation takes  place;  also,  to  determine  the  actual  electrical 
output  of  the  machine,  and  from  the  latter  and  the  corre- 
sponding dynamometer  readings  to  calculate  the  efficiency 
of  the  dynamo. 
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The  alternator  was  mounted  on  a  Brackett  cradle 
dynamometer  calibrated  to  read  in  watts  direct  at  1,000 
revolutions,  the  speed  at  which  we  were  running. 

The  general  method  has  been  to  obtain  instantaneous 
values  of  E.M.F.  arc  and  exciter  currents  at  a  sufficient 
number  of  points  to  indicate  by  curves  the  performance  of 
the  dynamo  at  every  part  of  a  revolution.  For  this  purpose 
runs  were  taken  with  the  dynamo  at  short  circuit  and  with 
loads  of  5,  10,  etc.,  up  to  40  lamps.  The  dynamo  was  run 
under  normal  conditions — viz.,  at  a  speed  of  1,000  revolu- 
tions, and  with  such  excitation  as  to  cause  an  output  of 
approximately  10  amperes.  For  obtaining  values  of  £.M.F. 
at  low  loads  pressure  wires  were  run  from  the  terminak 
of  the  dynamo,  and  for  larger  loads,  were  taken  from 
around  10  lamps.    At  all  points  where  instantaneous  values 
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ACCUHULATOB  TRACTION. 

The  question  of  traxncar  traction  by  accumolatois 
has  taken  a  fresh  turn  this  week,  and  we  think  our 
readers  will  be  thankful  to  learn  how  matters  seem 
to  stand  upon  this  important  point.  The  electrical 
world  in  England  has  been  somewhat  anxiously  and 
cynically  watching  for  developments  in  traction 
by  accumulators,  and  sundry  hints  as  to  unknown 
depreciation  of  the  battery  plates  and  shakings  of 
head  as  to  the  practical  outcome  of  well-known 
experimental  tracks  have  been  all  that  has  come 
before  their  notice.  Last  week  an  advertisement 
appeared  in  the  usual  papers  with  reference  to  the 
North  Metropolitan  Tramways,  notice  being  given  of 
a  proposed  amendment  to  section  4  of  that  company's 
Act  of  1890  to  the  following  effect : 

"  That  application  is  intended  to  be  made  to  Parliament  in 
the  ensuing  session,  by  the  North  Metropolitan  Tramway  Com- 
pany, for  an  Act  to  alter  and  amend  or  to  repeal  the  provisionB 
contained  in  section  4  of  the  North  Metropolitan  Tramways 
Act,  1890,  relating  to  the  consents  of  the  local  authorities 
referred  to  in  that  section,  and  to  make  other  provisions  with 
reference  thereto,  and  so  far  as  necessary  to  alter  or  amend  or 


repeal  the  provision  of  any  other  Act  rdating  to  the  company, 

Inffuisn 
or  might  interfere  with  the  objects  aforesaid." 


and  to  vary  and  extii 


any  rights  or  privileges  which  would 


This  action  upon  the  part  of  the  North  Metro- 
politan Company  is  both  an  indication  of  their 
determination  not  to  be  over-ridden  by  moribund 
vestries,  and  at  the  same  time  a  very  telling  com- 
mentary upon  the  criticisms  which  insist  that 
accumulators  for  traction  jcannot  pay. 

It  may  be  remembered  that  the  North  Metropoli- 
tan Company  having  granted  the  use  of  one  of  their 
lines  to  be  equipped  at  Barking-road,  experiments 
at  first,  and  now  for  some  time  practical  running, 
have  been  carried  on  upon  this  road  with  the  storage 
cars  of  the  General  Electric  Traction  Company. 
Two  causes,  having  no  relation  to  each  other,  have 
prevented  the  more  extended  and  permanent  use  of 
these  accumulator  cars  on  the  tramway  company's 
roads.  The  first  of  these,  the  question  of  cost  of 
maintenance  and  depreciation  of  the  cells,  we  will 
return  to  presently.  The  second  has  been  the  con- 
tinued refusal  of  the  West  Ham  Local  Board  to 
accord  anything  like  a  reasonable  permission  to  run 
the  electric  cars.  Ail  endeavours  up  to  the  present 
time  of  both  electric  company  and  tramway  company 
themselves  have  resulted  in  the  refusal  of  the  West 
Ham  authorities  to  grant  a  longer  permission  than 
one  year,  with  the  condition  of  enforced  removal 
after  only  24  hours'  notice.  Such  a  condition  as 
this  is  absolutely  prohibitive  for  the  North  Metro- 
politan or  any  other  company  to  put  down  plant  on 
an  extensive  scale — ^with  the  fear  of  notice  of  removal 
at  24  hours'  notice  hanging  over  them.  They  have 
first  applied  to  the  London  County  Council  to  learn 
if  this  body  would  grant  a  seven  years'  permission 
for  running  electric  cars,  and  we  learn  from  the  pro- 
ceedings of  the  London  County  Council  that  this 
permission  has  now  been  granted  upon  condition  of 
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putting  the  pennanent  way  in  thorough  repair  and 
of  taking  such  precautions  for  the  pubhc  safety  as 
the  Council  shall  think  fit.  The  North  Metropolitan, 
then,  finding  it  impossible  to  induce  the  West  Ham 
authorities  to  alter  their  terms,  have  taken  steps 
to  introduce  the  afore-mentioned  Bill  into  Parliament 
in  the  present  session,  with  a  view,  i  t  may  be  sup- 
posed, of  compelling  them  to  give  this  permission,  if 
the  notice  itself  is  not  sufficient  to  force  their  hands. 
The  very  &ct  that  a  large  company  like  the  North 
Metropolitan  intend  to  fight  the  matter  for  themselves 
in  Parliament,  is  itself  striking  evidence  as  to 
whether  they  do  or  do  not  regard  electric  traction  as 
a  desirable  thing.  It  is  not  to  be  supposed  that  they 
would  go  so  far,  and  would  consider  the  investment 
of  capital  necessitated  by  the  necessary  plant  and 
stock  which  it  means,  without  a  good  assurance  of 
the  profitableness  of  the  imdertaking. 

We  are  in  a  position  to  state  a  little  more  clearly 
than  has  hitherto  been  done  what  are  the  arrange- 
ments concluded,  or  likely  to  be  concluded,  in  this 
direction.  Electrical  engineers  have  been  looking 
for  the  publication  of  the  balance-sheet  of  the  Bark- 
ing-road route  to  enable  them  to  judge  of  the  advis- 
ability of  accumulator  traction.  It  is  doubtful,  and 
more  than  doubtful,  if  this  balance-sheet  will  ever 
be  published,  at  any  rate  for  the  period  up  to  the 
present.  The  experience  which  has  been  gained  has 
b^en  avowedly  an  experimental  experience,  and  the 
actual  total  cost  of  management,  alteration,  and 
depreciation,  whether  it  comes  out  at  4|d.,  or  even 
doable,  if  it  allows  fdture  contracts  to  be  regulated 
on  a  paying  basis,  will,  in  either  case,  be  lightly 
bought — and  all  the  while  money  has  certainly  been 
earned.  The  expenses  upon  the  line  have  been 
reduced  continually  until  they  are  now  within  the 
limits  from  which  the  expenses  upon  a  considerable 
scale  can  be  calculated  with  accuracy.  Certain 
important  improvements  in  the  type  of  traction  cell 
have  been  introduced,  which  have  had  the  effect  of 
still  further  reducing  the  depreciation  on  traction 
cells  to  within  reasonable  limits,  of  which,  perhaps, 
it  may  be  sufficient  to  say  that  the  prolonged 
tests  show  that  the  combined  life  of  the  positive  and 
negative  plates  equals  two  years.  An  important 
feature  in  the  case  is  that  the  makers  of  the  cells, 
the  Electric  Construction  Corporation,  have  arranged 
to  undertake  the  maintenance  of  the  cells,  in  fair 
usage,  for  a  definite  sum  or  percentage,  a  matter 
which  allows  the  actual  total  cost — the  other  factors 
being  already  sufficiently  closely  known — to  be  now 
calculated  with  accuracy.  The  actual  cost  of  deprecia- 
tion for  a  plant  of  60  cars  we  are  assured  thus  comes 
out  at  about  Id.  per  car  mile — ^that  is,  for  mainten- 
ance of  the  cells  alone,  be  it  understood. 

The  other  important  point,  and  one  which  arises 
out  of  and  takes  its  possibilities  from  this  actioQ  of 
the  makers  of  the  cells,  is  that  of  the  proposed 


arrangement  between  the  traction  company  and 
tramway  company.  The  North  Metropolitan  Com- 
pany, who  received  the  Glasgow  Corporation  some 
little  time  ago  and  allowed  them  the  fullest  facilities 
of  inspection  and  enquiry,  intimated  to  these  latter 
that  they  intended  to  give  no  more  contracts  for 
haulage,  but  that  they  contemplated  installing  their 
own  plant,  and  would  contract  for  the  maintenance 
in  good  order  of  the  electric  plant.  This  determina- 
tion is  worthy  the  consideration  of  both  tramway 
companies  and  electrical  engineers,  and  solves  the 
difficulties  both  of  management  of  men,  stock,  and 
capital,  that  would  be  too  likely  to  interfere  in  an 
absolute  contract  for  haulage  at  so  much  per  car 
mile — when  the  electrical  men  and  the  tram  men 
would  be  under  separate  authority,  and  other  diffi- 
culties would  also  be  likely  to  arise.  With  the 
proposed  arrangement  the  electrical  company  would 
put  down  the  plant  at  the  expense  of  the  tramway 
company,  and  would  thereafter  contract — according  to 
the  length  of  line,  number  of  cars,  and  other  matters — 
for  the  maintenance  of  the  electrical  part  of  the 
installation,  and  at  so  much  per  car  mile.  The  neces- 
sary trials  and  figures  are  so  far  settled  with  both  the 
makers  and  the  traction  company,  that  these  latter 
are  able  and  willing  to  enter,  at  the  present  time, 
into  contracts  for  10, 100,  or  1,000  storage  cars,  and  to 
maintain  the  electrical  part  in  order  at  a  fixed  charge 
according  to  circumstances  per  car  mile.  We  are 
sure  all  will  be  glad  to  hear  of  arrangements  seem- 
ingly so  promising  for  the  progress  of  electric  traction 
in  England. 


PECCAVIHUS. 

Yes,  and  with  oxur  eyes  wide  open  too.  In  large 
paper  mills  and  in  other  manufactories  where  bleach- 
ing operations  on  a  large  scale  are  required  elec- 
tricity must,  in  the  future,  play  an  important  rdle. 
Our  well-known  contributor,  Mr.  Watt,  writing  on 
the  subject  in  our  issue  of  October  81st,  as  was 
natural,  referred  to  his  brother's  work  in  this  direc- 
tion, and  maintained  that  his  brother  was  the  pioneer 
inventor  of  the  method.  Mr.  Andreoli  controverted 
this  statement,  and  now  Mr.  Watt  returns  to  the 
firay.  From  our  point  of  view  little  or  no  good  can 
arise  from  an  extended  controversy,  which  will  neces- 
sarily lead  to  crimination  and  recrimination,  and 
will  show  how  very  differently  men  interpret  the  same 
sentences.  Our  aim  in  the  first  place  was  to  once 
more  indicate  a  direction  which  might  advantageously 
be  exploited  by  dynamo  builders,  for  dynamos  must 
be  used  when  the  process  is  adopted,  as  must 
engines,  besides  other  electrical  accessories.  The 
discussion  is  practically  to  determine  the  exact 
claim  to  priority  of  Mr.  C.  Watt,  a  claim,  which  if 
admitted  freely  and  ungrudgingly,  has  no  influence 
upon  business  now,  inasmuch  as  this  patent  has 
long  since  li^sed.    We  think  therefore  that  it  will 
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NEW  COMPANIES  REGISTERED. 


Weymsnoli  Bleetrle  Battery  Bsradloate,  lamlted.— Registered 
by  Harwood  and  Stephenson,  31,  Lombaid-street,  E.G.,  with  a 
capital  of  £20,000  in  £5  shares.  Object:  to  carrv  on  in  the 
Uniced  Kingdom  and  elsewhere  the  business  of  an  electric  light 
company  in  all  its  branches.    The  first  subscribers  are : 

Shares. 

A.  M.  Card  well,  29,  St.  James-street,  Piccadilly  1 

H.  Weymersch,  17,  Glengarry-road,  Dnlwicb    1 

W.  S.  T.  Martin,  17,  Melbourne-grove,  Dulwich  1 

E.  C.  de  Seeundo,  7,  Victoria-street,  S.W 1 

F.  Fanta,  10,  Moorgate-street    1 

C.  F.  Jones,  Inglewood,  Upper  Norwood   1 

Mrs.  McKenzie,  21,  Talbot-road,  Bayswater 1 

There  shall  not  be  lees  than  three  nor  more  than  five  Directors. 
The  first  are  the  first  two  signatures  and  T.  H.  and  W.  A.  Card- 
well.  Qualification  :  £500.  Remuneration  to  be  determined  in 
general  meeting. 


PROVISIONAL  PATENTS,  1890. 


9068. 


NOYEMBKR  24. 

9033.  Iiaprovements  applloattle  to  switohes  used  for  elaotrleal 
pnrpofloa.  Woodhouse  and  Rawson  United,  Limited,  88, 
Queen  Victoria-street,  London.  (Arthur  W.  Tourvay 
Hinde,  Australia). 

9034.  Improvomenta  In  antoiiiatioal  eiootrloal  mppmrmlbam. 
Reginald  John  Jones  and  Woodhouse  and  Rawson  United, 
Limited,  88,  Queen  Victoria-street,  London. 

9035.  Improrements  in  dyaamos  for  firing  exploslTe  4diarges 
or  for  modioal  purpoMO.  Frank  William  Dodd,  37, 
Walbrook,  London. 

9037.  Moans  of  aontrallslBg  or  ooBtromng  tlie  polarity  of 
Iron  or  stool  for  tlio  protootloa  of  magnetlo  aoedloo  ftom 
loeal  attraotloii.  John  Sacheverell  Qisborne,  14,  Oxford- 
road,  Kilbnm,  London. 

9052.  ImproTOd  oomblaatloa  of  lagrodioata  ooastltutlag  a 
oompooad  ao  aa  lllwmlnating  modlam  for  oloetrlo  la- 
oaadooeoat  lamps.  Mervyn  Nathaniel  Mallison,  166, 
Fleet-street,  London. 

9057.  ImproToaoata  la  oloetrlo  aro  lamps.  William  Phillips 
Thompson,  6,  Lord-street,  Liverpool.  (Ralph  Hamilton 
Beach,  United  States.)    (Complete  specification.) 

ImprovoBMats  la  tslopboao  sprlag  Jack  swltadies.  John 
Edward  Kingsbury,  24,  Southampton-buildings,  London. 
(The  Western  Electric  Company,  united  States.) 

9076.  iBiprovomoats  la  oloetrlo  saftty  f^isss.  William  Morris 
Moidey,  46,  Lincoln's-inn-fields,  London. 

NOVXMBER  25. 

9079.  Blootrto  oaUes.  John  Armstrong,  Great  Western  Works, 
Bilston,  Staffs. 

908a  Aa antomalto olsoMsaltatttadlBaiiadleator  aad  Alps' 
oonrso  roglstorlag  oompass.  John  O'Niel,  6,  Livery- 
street,  Birmingham.    (Complete  specification.) 

9108.  iBiprovomoats  la  or  ooaaootsd  with  oombtaattoas  of 
Iqrdranllo,  paonmattn,  aad  sleoferle  moaas  ftir  oMalalag, 
traasBilttlag,  aad  i^plylag  motlro  powor.  Charles 
Adams-Randall,  "  Mattapoisett,''  Bedford-park,  London. 

9165.  ImprovoBMBts  la  ^Isetrloal  storage  Imttorles  or  ai^ 
enmalators.  Henry  Harris  Lake,  45,  Southampton- build- 
ings, London.  (George  Elwyn  Hatch,  United  States.) 
(Complete  specification.) 

9162.  ImproTomsats  la  motbods  of  oloetrlo  woldlag  aad  motal 
worUag.  Mark  Wesley  Dewev,  45,  Southampton-build- 
ings, London.    (Complete  specification. ) 

9191.  Improvomsats  la  aadrolatiag  to  aadergroaad  olootrlo 
tramways.  Malone  Wheless  and  Samuel  Edwin  Wheatley, 
77,  Chancery-lane,  London.    (0)mplete  specification.) 

9203.  Improremeats  la  the  maaallaotaro  of  tlila  metal  tabes 
by  electrolysis,  Lincoln  Hausmann,  46,  Lincoln 's-inn- 
fields,  London. 

NOVBMBER  26. 

9289.  Zmprovomoats  la  olootrlo  swltohos.  Henry  Barton,  433, 
Strand,  London. 

9272.  Slootrlo  soldorlag  Iroas.  Charles  Edwin  Carpenter,  6, 
Bream's-buildings,  London.  (Date  applied  for  under 
Patents  Act,  1883,  Section  103, 10th  May,  1890,  being  date 
of  application  in  United  States.)    (Complete  specification). 

November  27. 

9306.  Zmprovemeats  la  aad  ooaaootod  with  olootrloal  dls- 
trlbntloa  of  power  by  altoraatlag  enrroats,  aad  their 
moasnrsmoat,  James  Swinburne,  Broom  Hall  Works, 
Teddington. 

9315.  iDiprovoBioats  ia  Oloetrlo  aro  lamps.  Harry  Nunns,  8, 
Quality-court,  London. 

9844.  Improvomoats  la  oloetrolysls  la  goaoral.  aad  partlon- 
larly  la  olootrolysls  of  BMtals.  Emile  Placet  and  Joseph 
Bonnet,  6,  Bream's-buildings,  London, 


NOVSMBEB  28. 

19406.  Xmproiromoats  la  slootrlo  eorroat  aotsn.  Eugen 
Hartmann  and  Wunibald  Brann,  47,  Linooln's-inn-fieldB, 
London.     (Complete  spedfication.) 

19418.  ImproToaioat   la  olootrloal   toU-talss  tor  twln«erow 
stoamors.     George  Hannah,  45,  Southampton-buildings 
London. 

19423.  ImproTomoats  la  apparatna  for  tho  ^loetrolytlo  pro- 
daotloa  of  gasos.  Eugtoe  Adrien  Duoretet,  53,  Chancery- 
lane,  London. 

November  29. 

19467.  ImproTOd  olootrlo  aro  lamp.  John  Pitt  Bavly,  18, 
Fulham-phice,  Paddington,  London.  (Augnste  Wsgnttne, 
U.S.  A.) 

19485.  AatoBMtto  railway  stgwalllag  by  olootrlotty.  Hamilton 
Edward  George  Earle,  20,  Laura-phice,  Southampton. 

19486.  Improvomoats  la  tslophoalo  swltdhlag  apparatna. 
Alfred  Roiling  Bennett,  26,  Booth-street,  Manchester. 

19504.  ImproTomoats  la  systeau  of  olootrloal  dlatrlbatloa. 
Walter  Stedman  Richards,  and  George  Barker  James,  45, 
Southampton-buildings,  London. 


SPECIFICATIONS  PUBLISHED. 

1890. 

58.  laeaadosoont  olootrlo  lamps.    Gardner.    6d. 

761.  Goaoratlag  olootrlolty.    DahL    8d. 

2255.  Booferlo    swltohos,    oto.    Macaulay-Cmikshank    (Sohwa- 

backer).    8d. 
5062.  Slootrlo  railways.    Depoele.    8d. 
14269.  Bootrto  signallliig.    Raddiffe.    8d. 
16006.  Coavortlag  olootrloal  energy.    Kennedy.    6d« 
15469.  Adailalstorlag  olootrlolty  to  tho  hamaa  body.     Imray 

(The  Bethel  Electric  Medical  Baths  Company,   Umitod). 

6d. 


CITY    NOTES. 


Wost  Coaat  of  Amorloa  Telegraph  Compaay.— The  receipts 
for  November  were  £4,i350. 

iMroot  Spaalirii  Tolograph  Goaipaay.— The  receipts  of  the 
Company  for  November  were  £2,722,  against  £2,497. 

aastora  Telegraph  Ck»mpaay.— The  traffic  receipts  for  the 
month  of  November  were  £58,975,  against  £60,578  in  the  corre- 
sponding period  of  1889. 

Xastora  Xxteasloa  Telegraph  Compaay. — The  traffic  receipts 
for  the  month  of  November  were  £44,742,  against  £44,167  for  the 
corresponding  period  in  1889. 

West  ladia  aad  Paaaam  Tolograph  Compaay.  —The  estimated 
receipts  for  the  half -month  ended  November  30  were  £2,807,  as 
compared  with  £8,111  in  the  same  period  of  last  year. 

Wostora  aad  BrasUlaa  Telegraph  Coaipaay.—The  receipts 
for  the  week  ended  November  S^,  after  deducting  the  fifth 
of  the  mss  receipts  payable  to  the  London  Platino-Brazilian 
Telegra]^  Company,  were  £5,016. 

Zaterfm  Dlvidoad.— The  Directors  of  the  BrasUian  Submarine 
Telegraph  Company,  Limited,  have  declared  an  interim  dividend 
of  3s.  per  share,  or  at  the  rate  of  6  per  cent,  per  annum,  tax  free, 
for  the  quarter  ended  September  30,  payable  on  the  23rd  iastb — 
The  reoe^te  of  the  Company  for  the  week  ended  November  28 
amounted  to  £6,368. 

RoaioTal. — Messrs.  Lacombe  and  Co.  inform  us  that,  in  con- 
sequence of  increase  in  business,  they  have  taken  ground  floor 
premises  at  7,  Carteret-street,  Queen  Anne's  Gate,  where  they  will 
DO  able  to  keep  a  large  stock  of  lighting  carbons,  microphone 
carbons,  batteries,  plates,  etc.,  for  supply  of  pressing  demands  on 
immediate  notice.  Having  lately  enlarged  their  works  aad  added 
to  them  an  entirely  new  plant,  they  are  now  in  a  position  to 
accept  the  largest  orders.    They  have  also  introduced  certain  im- 

{)rovements  in  the  make  of  their  carbons,  which  have  now  a 
onger  duration  than  even  heretofore,  and  are  extremely  clean- 
burning.  We  are  glad  to  notice  the  continued  progress  of  these 
well-known  carbons. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brush 

—  Prof.    

India  Rubber,  Gutta  Percha  H  Telegraph  Co. 
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NOTES. 


Ruffliy  is  adopting  electric  fire  alarms. 

The  Portobello  Town  Connoil  are  quarrelling  with 
the  gas  company. 

Torkahire  College,  Leeds.— A  movement  is  on  foot 
to  establish  a  chair  of  metallurgy  at  the  Yorkshire 
College. 

Bordeaiuc. — ^The  local  gas  company  has  taken  up 
electric  lighting,  and  has  introduced  it  into  Us  mn  offices 
and  the  Grand  Theatre. 

Wbitby. — In  face  of  the  opposition  promised  by  the 
Local  Boardy  the  Yorkshire  House-to-House  Company  has 
withdrawn  its  application  for  an  order. 

Waking  Up. — Warrington  and  Birkenhead  are  con- 
siderably disgusted  with  the  light  afforded  by  gas,  and  the 
Town  Councils  are  looking  into  the  matter. 

Hanunenmlth.— The  Vestry  have  remitted  to  their 
Law  and  Parliamentary  Committee  the  question  of  whether 
or  not  they  shall  obtain  a  provisional  order. 

BlaokpooL — ^The  Corporation  have  forwarded  a  request 
to  the  electric  tramway  company  that  they  arrange  for 
their  cars  to  run  until  10  o'clock  each  night. 

UglitsliiiMB. — ^Experiments  are  to  be  made  by  the 
U.S.  Lighthouse  Boaid  with  electric  lights  for  lightships. 
If  satisfactory,  probably  they  will  be  largely  adopted. 

Rlohttrd  Homsby  ajid  Sons. — At  a  meeting  of  the 
shareholders  of  this  company  on  Wednesday,  Mr.  James 
Hornsby  in  the  chair,  a  dividend  of  6  per  cent,  was  declared. 

Coventry. — ^The  City  Council,  at  their  meeting  on 
Tuesday,  ordered  the  corporate  seal  to  be  affixed  to  the 
memorial  to  the  Board  of  Trade  asking  for  a  provisional 
order. 

Stafford.  —  Alderman  W.  H.  Peach  and  Mr.  C.  H. 
Wright  have  been  elected  chairman  and  vice-chairman  re- 
s|)ectively  of  the  Electric  Lighting  Committee  of  the  Town 
Council. 

Hoseow. — ^A  permanent  international  exhibition  has 
been  opened  in  Moscow.  Mr.  Emile  Cloes,  of  122,  Cannon- 
street,  E.C.,  has  been  appointed  general  agent  for  this 
country. 

Southend. — ^Dr.  Hopkinson  having  recommended  that 
210  lights  be  employed  at  Southend  Pier  in  place  of  160, 
as  decided  on  previously,  the  Local  Board  have  adopted 
his  recommendation. 

Denmark. — In  some  small  towns  of  Denmark,  says  a 
gas  paper,  more  gas  is  used  for  heating  than  for  lighting. 
Wise  Danes  1  Cooking  and  motive  power  are  the  legitimate 
sphere  of  gas,  but  lighting  is  not. 

Glasgow. — ^The  Gas  Committee  have  agreed  to  lay 
down  in  the  basement  of  the  Mitchell  Library  a  gas  engine, 
djmamo,  etc.,  to  produce  current  for  the  lighting  of  the 
library,  at  an  estimated  cost  of  £690. 

Blarriage  of  Captain  Khotlneky. — The  marriage 
of  Captain  A.  de  Rhotinsky,  electrical  engineer,  of  Rotter- 
dam, to  Mrs.  Fuller,  widow  of  the  late  P.  Fuller,  Esq.,  of 
Blackheath,  was  celebrated  in  London  on  the  24th  ult. 

Copper  and  NiokeL — The  ores  of  both  these  metals 
have  been  lately  discovered  in  Canada  in  the  districts  of 
Algoma,  Thunder  Bay,  Bainy  River,  and  that  part  of  the 


district  of  Nipissing  lying  north  of  French  River,  Lake 
Nipissing,  and  Maltawa  River. 

Bradford. — ^At  the  last  Town  Council  meeting  a 
member  called  attention  to  the  exceedingly  pleasant  manner 
in  which  the  Borough  Court  was  lighted  by  means  of 
electricity,  and  hoped  that  the  Council-chamber  would  soon 
be  illuminated  in  a  similar  way. 

Main  Lasrlnff  in  London. — ^The  sanction  of  the 
London  County  Council  has  been  given  to  the  Electric 
Supply  Corporation,  the  Notting  Hill  Electric  Lighting 
Company,  and  the  Kensington  and  Rnightsbridge  Electric 
Lighting  Company  to  lay  mains. 

Mine  Ufflitinff, — ^The  mine  of  the  Odin  (S.  Africa) 
Mining  Company  is  lighted  electrically.  Messrs.  Hornsby 
and  Sons,  of  Orantham,  have  recently  shipped  a  10-h.p. 
engine  and  boiler  to  the  works  for  driving  the  battery 
stamps  and  the  lighting  machinery. 

Olasgow  Tramways. — ^The  Corporation  have  resolved 
to  oppose  the  application  of  the  Glasgow  Tramways  Com- 
pany to  the  Court  of  Session  for  leave  to  amend  their 
articles  of  association  to  allow  them  ifiUr  alia  to  adopt  other 
means  of  propulsion  than  horseflesh. 

Lancaster, — ^The  contract  for  lighting  part  of  the 
Lancaster  Waggon  Company's  works  with  arc  and  incan- 
descent lamps  has  been  obtained  by  Messrs.  Paterson  and 
Cooper.  There  are  to  be  14  arcs  of  10  and  15  amperes 
each,  and  190  incandescent  lamps  of  16  c.p. 

Prof.  TsmdalL — We  are  glad  to  learn  that  the  report 
of  Prof.  Tyndall's  illness  has  been  very  much  exaggerated. 
It  is  not  the  fact  that  he  is  confined  to  the  house,  and 
though  he  has  lately  been  unable  to  attend  to  any  special 
work  beyond  his  ordinary  correspondence,  his  health  is  now 
steadily  improving. 

Olobe  Theatre. — ^The  contract  for  lighting  the  Globe 
Theatre  electrically  under  Mr.  Norman  Forbes  is  in  the 
hands  of  Messrs.  C.  E.  G.  Gilbert  and  Co.,  electrical  engi- 
neers, 16,  Han  way-street,  Oxford-street.  By  an  error  of 
our  informant,  the  name  was  given  last  week  as  Messrs. 
Dickinson  and  Co. 

Weymonth. — The  Town  Council  having  considered  the 
application  of  the  Weymouth  Electricity  Supply  Company  for 
the  Council's  sanction  to  their  obtaining  an  order,  decided 
that  the  town  clerk  should  prepare  the  conditions  under 
which  they  should  sanction  the  application  and  place  them 
before  a  future  meeting. 

Leamington. — ^At  the  last  meeting  of  the  Town  Coun- 
cil, a  report  from  the  surveyor  was  brought  up  stating  that 
the  pressure  in  the  light  mains  had  been  11*2  volts  on  an 
average  since  the  last  meeting.  The  town  clerk  was  in- 
structed to  oppose  Messrs.  Chamberlain  and  Hookham's 
application  for  an  order. 

Aoonmnlators. — Mr.  Schoop,  of  Oerlikon,  has  used  a 
plastic  material  for  secondary  batteries,  which  he  obtains 
by  taking  three  volumes  of  sulphuric  acid  of  a  density 
1*250,  and  adding  it  to  one  volume  of  silicate  of  soda  of  a 
density  of  1180.  By  the  use  of  this  mixture  he  is  said  to 
get  very  satisfactory  results. 

Renter's  Telegram  Company. — ^This  telegraphic 
agency  have  determined  to  extend  their  operations,  and  to 
establish  an  international  advertising  agency  in  addition  to 
their  telegraphic  news  business.  They  have  also  decided 
to  alter  their  articles  of  association  so  as  to  allow  them  to 
undertake  telephonic  services. 
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Doro]i08ter. — ^At  the  last  meeting  of  the  Town  Council 
a  disensfiion  took  place  as  to  the  introduction  of  the 
electric  light,  having  arisen  on  the  application  of  a  local 
company  for  sanction  to  their  obtaining  a  provisional  order. 
The  Council  appeared  to  be  in  favour  of  electric  lighting, 
but  nothing  was  decided,  the  matter  being  still  under  con- 
sideration by  the  General  Purposes  Committee. 

SwintOB  (Lanoa*). — ^At  the  last  meeting  of  the  Local 
Board,  Mr.  Eierby  drew  attention  to  the  bad  quality  and 
insufficient  pressure  of  gas  supplied  to  the  district  by  the 
Salford  CoqK>ration.  He  declared  that  in  the  neighbour- 
hood ot  Worsley-road  it  was  impossible,  after  midnight  or 
in  the  early  hours  of  the  morning,  to  get  a  gaslight  half 
the  size  of  a  farthing  candle.  At  his  works  he  had  adopted 
the  electric  light. 

Vienna. — The  International  Company's  central  station 
here  has  a  capacity  of  6,000  16-c.p.  incandescents,  and  this 
can  be  increased.  Two  Gkmz  alternate  dynamos  will  be 
used,  of  a  respective  output  of  220,000  and  360,000  watts. 
They  will  both  be  driven  direct  by  a  compound  condensing 
engine.  The  alternators  will  be  excited  by  a  continuous- 
current  Granz  machine,  driven  by  a  Westinghouse  engine 
at  700  revolutions. 

Ship  JAghthig.  —  We  found  Messrs.  Paterson  and 
Cooper,  on  a  recent  visit  to  their  works,  busy  with  a 
number  of  ship  lighting  plants,  direct  driven  with  various 
types  of  engines.  Two  of  these  plants  are  driven  by  the 
little  '* Tower"  engines,  and  are  for  200  lights  each;  one 
is  driven  by  a  Westinghouse  engine,  for  100  lights ;  and 
another  is  connected  to  a  small  vertical  Sobey  high-speed 
engine,  for  50  lights. 

Royal  Ueteorologloal  Society. — At  the  meeting  of 
the  society  to  be  held  at  the  Institution  of  Civil  Engineers, 
Great  George -street,  on  Wednesday,  the  17th  inst,  at  7 
p.m.,  amongst  others  the  following  papers  will  be  read : 
"  Note  on  a  Lightning  Stroke  presenting  some  features  ot 
interest,"  by  Robert  R.  Scott,  M.A.,  F.RS.,  and  "  Note  on 
the  Effect  of  Lightning  on  a  Dwelling-house,"  by  Arthur 
Brewin,  F.B.Met.Soc. 

Society  of  Arts. — ^On  Monday  next.  Prof.  V.  B.  Lewes 
will  give  the  fourth  Cantor  lecture  on  "  Gaseous  Illumi- 
nants."  He  will  deal  with  the  enrichment  of  coal-gas  by 
highly  carburetted  water-gas,  the  Springer,  Lowe,  Meeze, 
Flannery,  Stapp,  Loomis,  and  Van  Steenbergh  processes, 
and  studies  in  carburetted  water-gas.  On  Wednesday,  the 
17th  inst.,  Mr.  Geo,  Davidson  will  read  a  paper  on 
"  Impressionism  in  Photography." 

Variations  in  Conduotivity. — ^M.  Ed.  Branly  has 
found  that  the  resistance  of  such  substances  as  metal 
filings  may  be  largely  modified  by  vicinity  to  discharges 
from  static  machines,  and  that  this  action  makes  itself  felt 
at  a  distance  of  more  than  20  metres.  It  is  said  that  this 
modification  is  considerable,  for  instance,  at  the  moment 
when  the  machine  is  worked  the  resistance  of  the  conduc- 
tor may  be  lowered  from  150,000  to  500  ohms. 

Telephono  Idoenses. — ^In  reply  to  Dr.  Cameron  on 
Monday  last  in  the  House  of  Commons,  Mr.  Baikes  said 
that  he  hoped  to  be  able  at  an  early  date  to  announce  the 
decision  of  the  Government  with  regard  to  licenses  for 
telephone  exchanges.  It  should  be  borne  in  mind  that  the 
patents  for  the  more  important  telephones  had  not  expired, 
and  did  not  expire  until  July  in  next  year.  We  have  dealt 
with  the  present  aspect  of  the  telephone  (question  in  another 
column. 


The  Fog. — ^More  than  one  railway  accident  happened 
this  week  during  the  dense  fog  with  which  London 
especially,  and  the  country  generally,  has  been  visited. 
One  at  least  occurred  owing  to  the  engine  driver  mistaking 
the  signals.  We  do  not  think  that  mistakes  like  these 
would  be  possible  with  Andrew's  and  Guy's  system  of 
electric  fog  signals,  described  lately  in  our  columns,  and 
should  like  to  see  this  method  adopted  by  the  railway 
companies. 

nniversity  Collego*  Aberystwsrth. — The  workshop 
accommodation  of  the  physical  laboratory  in  the  University 
College  of  Wales,  Aberystwyth,  has  recently  been  con- 
siderably extended,  and  arrangements  are  being  made  for  a 
course  of  instruction  in  electrical  engineering.  The  recent 
additions  include  one  of  Messrs.  Crossley's  D  high-speed 
engines,  specially  adapted  for  electric  lighting,  a  Crompton 
dynamo  (shunt  and  compound  wound),  and  a  Crompton 
D  D  arc  lamp,  etc. 

Telephone  to  Paris. — ^The  arrangements  for  the 
telephonic  cable  which  is  to  connect  Paris  with  London  are 
progressing  very  satisfactorily.  The  work  on  the  IfVeach 
side  is  practically  complete ;  the  cable  itself,  of  which  24 
miles  are  required,  is  being  made  by  Messrs.  Siemens  Bros., 
and  11  miles  are  already  manufactured.  The  laying  of 
this  cable  will  be  undertaken  by  the  Post  Office  authorities 
at  the  end  of  the  year  under  the  superintendence  of  Mr. 
Lumsden,  in  charge  of  the  s.s.  "  Monarch." 

City  and  South  of  London  Railway. — We  have 
given  from  time  to  time  preliminary  details,  and  later  some 
of  the  technical  drawings  of  the  new  electric  underground 
railroad  from  London  Bridge  to  Stockwell.  The  line  will 
be  opened  for  traffic  in  a  few  days,  and  we  think  the  graphic 
account  of  the  running  of  the  line  which  will  be  found  in 
another  column  will  prove  of  interest  to  readers,  most  of 
whom  have  not  yet  had  an  opportunity  of  personally 
inspecting  this  last  achievement  of  nineteenth  century 
enterprise. 

Uezborongh. — We  noticed  last  week  that  the  Mex- 
borough  folk  were  dissatisfied  with  their  gas  supply.  This 
week  we  learn  that  arrangements  are  being  extensively 
made  for  the  introduction  of  the  electric  light  in  the  town, 
in  consequence  of  the  gas  company  not  agreeing  to  reduce 
their  prices  below  3s.  6d.  per  1,000ft.  The  electric  light 
is  already  in  use  at  the  local  colliery,  Denby  Main,  and  at 
the  Mexborough  flour  mill,  and  on  Wednesday,  electrical 
engineers  visited  the  iron  works  with  a  view  of  its  being 
fitted  up  there. 

Change  of  Quarters. — Members  ot  the  Institution  of 
Electrical  Engineers  will  be  sorry  to  learn  that  the  time- 
honoured  residence  of  their  Institution  and  its  library  will 
probably  have  to  be  changed.  The  matter  is  one  of  leases 
and  sub-leases,  which  cannot  be  renewed  without  greater 
increase  of  charge  than  apparently  is  thought  desirable,  and 
we  may  probably  expect  to  hear  of  the  migration  of  the 
offices  to  one  of  the  electrical  coteries  in  the  neighbour- 
hood of  Victoria  or  Princes  Mansions,  a  little  further  up 
Victoria-street. 

Railway  Signalling. — In  the  House,  on  Dec.  5th, 
Sir  M.  Hicks-Beach  told  Captain  Price  that  the  subject  of 
automatic  electric  signalling  on  railways  had  frequently 
engaged  the  attention  of  the  Board  of  Trade,  and  further 
enquiries  were  now  being  made.  There  were  many  difficul- 
ties to  be  contended  with,  and  all  he  could  say  an  present 
was  that  the  matter  would  continue  to  receive  attention. 
He  might  add  that  the  Norton  Fitzwarren  collision  would 
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not  have  been  prevented  had  the  system  as  hitherto  carried 
out  been  in  force  there. 

Smithfield  Show. — This  annual  show  opened  at  the 
Agricultural  Hall  on  Monday  last.  There  is  a  capital 
collection  of  steam  engines,  by  nearly  all  the  best  known 
makers.  Amongst  others  represented  are  Clayton  and 
Shuttleworth,  John  Fowler  and  Co.,  Hornsby  and  Sons, 
Edward  Humphries,  Marshall's,  Bansomes,  Sims,  and 
Jefferies,  Bobey's,  Ruston,  Proctor  and  Co.,  and  Barrows 
and  Co.  Messrs.  Priestman  show  one  of  their  portable  and 
fixed  oil  engines,  which  are  finding  favour  with  electrical 
engineers  for  use  in  isolated  installations. 

Montevidean  Telegnraph  Company. — At  an  extra- 
ordinary general  meeting  of  the  Montevidean  and  Bra- 
zilian Telegraph  Company,  held  on  Wednesday,  at  the 
offices,  the  resolutions  passed  at  the  meeting  on  the  25th 
ult.  were  unanimously  confirmed,  on  the  motion  of  the 
chairman,  Dr.  Cameron,  M.P.,  seconded  by  Colonel 
Macaulay.  These,  as  will  be  remembered,  were  for  winding 
up  the  company  voluntarily,  and  approving  an  agreement 
with  the  Western  and  Brazilian  Company  for  the  transfer 
to  that  company  of  the  whole  of  this  company's  under- 
taking. 

Carlow  (Ireland). — At  a  meeting  of  the  Town  Com- 
missioners on  Tuesday,  the  offer  of  Messrs.  Gordon  and 
Co.,  of  II,  Pall-mall,  S.W.,  for  the  lighting  of  the  town  by 
electricity,  was  unanimously  accepted.  For  the  last  two 
weeks  the  company  have  exhibited  three  arc  lights  in  the 
principal  streets,  and  a  few  incandescent  lamps  in  some  of 
the  biggest  shops  of  the  town.  The  result  being  satisfac- 
tory, the  authorities  have  decided  to  ask  the  company  to 
continue  the  temporary  lighting  at  the  expense  of  the  town 
until  the  arrangements  for  the  permanent  lighting  are 
completed. 

Joists. — We  have  received  from  Messrs.  Measures 
Bros.,  of  57,  Southwark-street,  S.E.,  a  handy  little  pocket- 
book,  giving  the  figures  for  the  safe  distributed  load  on 
various  spans,  and  also  giving  the  strength  of  steel  joists  as 
compared  with  iron.  Figures  are  given  as  to  the  dimensions 
of  different  sections,  with  their  weight  per  foot  and  the 
lengths  in  stock.  The  type  and  illustrations  are  very  clear 
for  so  small  a  book,  which  will  almost  go  in  the  waistcoat 
pocket.  We  think  our  readers,  especially  those 
engaged  in  central  station  construction,  will  find  this  book 
very  useful,  and  will  thank  Messrs.  Measures  for  issuing  it. 

Antomatio  Telephones   at    Frankfort. — A  new 

patent  automatic  telephone  made  by  the  Mix  and  Oenest 
Company,  Berlin,  will  be  exhibited  next  year  at  the  Frank- 
fort Exhibition.  By  means  of  this  very  ingenious  instru- 
ment the  public  will  be  able  to  converse  with  subscribers  to 
the  telephone  exchanges  by  insertion  of  a  small  coin,  and  if 
the  subscriber  who  is  wanted  is  already  engaged  the  money 
is  returned  automatically.  At  this  week's  sitting  of  the 
Electrical  Society,  at  Frankfort,  the  chief  manager,  Herr 
Oscar  v.  Miller,  pointed  out  some  of  the  most  interesting 
features  of  the  coming  exhibition,  and,  amongst  others, 
dwelt  upon  the  automatic  telephone  at  some  length. 

Kleotrio  Construction  Corporation. — We  give  a 
full  report  of  the  meeting  of  this  company  in  another 
column.  There  was  a  considerable  amount  of  discussion  on 
various  points,  but  in  the  end  the  several  resolutions  as 
put  from  the  chair  were  unanimously  carried.  There  was 
some  manifestation  of  alarm  at  the  formation  of  subsidiary 
companies  to  work  the  foreign  patents,  which  was  appa- 
rently quieted  by  the  answers  of  Mr.  J.  S.  Balfour,  the 


deputy  chairman.  Mr.  Mander  endeavoured  to  get  Mr. 
Parker,  of  Wolverhampton,  elected  on  the  Board,  but 
whilst  cordially  agreeing  in  the  expressions  of  esteem  for 
that  gentleman,  the  directors  set  their  faces  against  the 
proposal. 

Wolverhampton. — At  the  meeting  of  the  Town 
Council  on  Monday,  a  report  was  brought  up  from  the 
Water  Works  Committee  recommending  that  the  works  at 
the  Cosford  pumping  station  be  lighted  by  electricity,  and 
that  a  dynamo  be  laid  down  capable  of  lighting  80  16-c.p. 
lamps,  at  a  cost  of  JB350.  In  moving  its  adoption.  Alderman 
Wright  said  that  if  petroleum  lamps  were  used  the  entire 
cost  of  lighting  would  be  about  £71  per  annum,  whereas 
the  cost  of  lighting  by  electricity  would  be  about  £96  per 
annum ;  but,  after  deducting  the  cost  of  the  renewal  of 
lamps,  it  was  estimated  that  the  electric  light,  while  much 
greater  and  more  convenient,  would  not  in  a  couple  of  years 
exceed  that  provided  by  oil.    The  report  was  adopted. 

Bamet. — ^Mr.  Joel  and  the  Local  Board  are  in  cones- 
pondence  as  to  the  termination  of  the  contract  for  lighting. 
Mr.  Joel,  or  rather  his  solicitors,  have  pointed  out  that  it 
was  part  of  the  agreement  that  the  Board  should  support 
his  application  to  the  Board  of  Trade  for  a  license  or  a 
provisional  order ;  and  had  this  not  been  understood,  he 
would  never  have  undertaken  the  lighting  of  the  district. 
In  view  of  the  fact  that  he  had  spent  £2,500  in  periecting 
the  plant,  and  that  the  Board  had  refused  to  assist  him  to 
obtain  the  necessary  powers  under  the  Board  of  Trade,  he 
was  entitled  to  ask  the  Board  either  to  pay  compensation 
or  to  take  over  the  works,  valued  at  £7,000,  or  else  to 
renew  the  contract  and  assist  him  to  obtain  an  order  next 
year. 

WeldinflT  Plant. — ^An  electric  welding  plant  has  been 
erected  at  Messrs.  Lloyd  and  Lloyd's,  Coombes  Wood  Tube 
Works,  and  was  inspected  recently  by  Mr.  W.  H.  Preece 
and  Mr.  Ashton,  of  the  Royal  Laboratory,  Woolwich.  The 
process  used  is  the  Bernardos,  in  which  the  welding  is  done 
by  an  arc,  the  sole  right  for  the  use  of  which  has  been 
acquired  by  Messrs.  Lloyd  and  Lloyd.  The  firm  in  question 
have  already  applied  the  process  in  the  manufacture  of 
various  articles  in  current  demand,  and  they  are  also  ex- 
perimenting with  it  in  other  directions.  They  have 
purchased  the  engines  used  at  the  French  Exhibition  for 
electric  lighting  in  order  to  drive  a  much  larger  set  of 
machinery,  which  they  are  completing  as  rapidly  as 
possible. 

Post  Offloe  LiflrhtinflT. — The  lighting  of  the  post 
offices  by  electricity  is  steadily  progressing  in  all  parts  of  the 
kingdom  wherever  the  machinery  can  be  economically  intro- 
duced, and  all  new  buildings  are  receiving  the  light  as  they  are 
built.  Glasgow  post  office  hasbeen  lighted  since  1884.  Liver- 
pool IS  nearly  ready,  and  will  be  lighted  up  at  Christmas. 
Birmingham  post  office  is  entirely  fitted  with  electric  light, 
driven  direct,  and  running  night  and  day.  No  gas  what- 
ever is  used  in  this  post  office.  Newcastle  post  office  is 
lighted  up  from  the  local  electric  light  company's  mains. 
In  London,  the  General  Post  Office  (£ast  and  West  build- 
ings) and  the  Post  Office  Savings  Bank  are  all  lighted. 
Others,  in  various  parts  of  London  and  the  provinces,  will 
be  lighted  as  the  opportunity  occurs. 

Mosenm  Uffhtinflr* — In  the  House  of  Commons,  on 
Tuesday,  Sir  G.  Campbell  asked  as  to  the  lighting  of  the 
Natural  History  Museum  by  electric  lighte.  In  reply,  Mr. 
Jackson  said  that  temporary  arrangements  for  electric 
lighting  had  occasionally  been  made  by  societies  who  had 
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been  allowed  the  use  of  the  muBeam,  but  until  further  ex- 
perience had  been  obtained  of  the  effect  of  evening  opening 
at  the  British  Museum  it  was  not  proposed  to  take  up  the 
question  of  making  a  permanent  installation  for  electric 
light  at  the  Natural  History  Museum.  In  answer  to  a 
further  question,  Mr.  Jackson  said  that  the  experience  at 
the  British  Museum  in  reference  to  evening  attendance 
there  was  not  extremely  satisfactory,  because,  whereas  in 
February  the  numbers  averaged  635,  these  fell  in  March  to 
367,  and  had  continued  to  fsJl  since,  until  in  November  it 
was  only  145. 

The  Teleifthoiio  in  tbe  North. — The  National  Com- 
pany's Sunderland  management  has  issued  a  notice  to  the 
effect  that  from  the  first  day  of  next  year  the  subscription 
will  be  reduced  from  £12  to  XIO  per  annum  for  an 
exchange  connection  within  one  mile.  The  trunk  line  tariff 
will  also  be  revised  from  the  same  date,  and  subscribers 
will  be  able  to  communicate  to  distant  towns  at  nearly  half 
the  cost  they  have  been  charged  up  to  the  present  time. 
For  any  distance  not  exceeding  25  miles  the  charge  will  be 
3d.  for  three  minutes'  conversation,  and  so  on  in  proportion 
to  distance,  a  call  from  75  to  100  miles  being  charged  Is. 
The  company  has  now  22,743  exchange  lines,  besides  nearly 
5,000  private  lines ;  its  exchanges  number  272,  and  its  call 
offices  526.  The  number  of  instruments  under  rental  in 
England  has  reached  99.000. 

Llcrhtlac  Powder  Works. — ^The  powder  works  of 
St.  MMard-eO'Jalle  have  been  lighted  electrically  by  the 
firm  of  Sautter,  Harl6,  and  Co.,  both  arcs  and  incandescents 
being  used.  The  conditions  of  the  lighting  arrangements 
were  difficult  to  fulfil,  as  places  90  metres  away  from  the 
generating  station  had  to  be  lighted  with  incandescents,  the 
E.M.F.  having  to  be  maintained  constant  at  110  volts  at  the 
end  of  a  line  of  45  mm.  square  section,  whilst  the  current 
might  vary  from  0  to  120  amperes.  The  dynamo  is  extra 
compound  wound,  there  being  two  windings,  one  in  series, 
the  other  in  shunt  separately  excited,  at  a  constant  pressure, 
by  an  independent  dynamo.  The  dynamo  speed  is  HOO  revo- 
lutions, and  it  works  18  out  of  the  24  hours  with  a  variable 
load.  Two  pilot  lamps,  one  coloured  green  and  the  other 
red,  placed  in  the  machine-room,  show  any  variations  in 
pressure  produced  by  variations  in  the  speed  of  the  exciter. 

Death  of  H.  Amuuid  Bede. — Vlngenieuir  Can$eil 
announces  the  death,  at  the  age  of  31,  of  its  editor, 
M.  Armand  Bede.  He  had  engineered  installations  in 
Italy  and  Bussia,  from  whence  some  three  years  ago  he  had 
to  return  to  Brussels  owing  to  ill-health.  Leaving  the 
Polytechnic  School  at  Brussels  in  1880  with  the  diploma 
of  mining  engineer,  he  assisted  in  putting  up  the  first 
telephonic  circuit  in  that  town.  Subsequently  he  was 
employed  by  the  International  Company  in  erecting 
telephone  lines  in  Milan,  Odessa,  and  Moscow.  Having 
been  manager  of  the  exchange  at  the  latter  place  for  some 
two  years,  he  returned  to  Brussels,  where,  in  partnership 
with  his  father  and  brother,  he  carried  out  much  important 
electrical  work,  at  the  same  time  writing  a  good  deal  for 
the  above-mentioned  journal.  He  is  much  regretted  by  his 
associates  and  friends,  by  whom  he  was  esteemed  as  a 
frank,  upright,  and  sympathetic  man. 

Soeiety  of  Kngineem. — The  annual  dinner  was  given 
at  the  Holborn  Restaurant  on  Wednesday.  The  president, 
Mr.  Henry  Adams,  occupied  the  chair,  and  amongst  a 
large  company  present  were  Sir  Robert  Rawlinson,  Sir 
John  Fowler,  Sir  Benjamin  Baker,  Sir  J.  N.  Douglass, 
P.R.S.,  Prof.  Unwin,  F.R.S.,  Mr.  Perry  F.  Nursey,  Mr. 


Arthur  Bigg,  Prof.  Robinson,  and  Mr.  A.  T.  Wahnisley. 
In  proposing  "The  Society  ot  Engineers"  the  president 
said  that  during  the  past  year  the  number  of  members  had 
increased  8  per  cent.,  exclusive  of  honorary  members,  and 
the  attendance  at  the  meetings  had  incr^ised  by  10  per 
cent.  Among  the  honorary  members  who  had  recently 
been  elected  were  Lord  Armstrong,  Dr.  Anderson,  Sir  B. 
Baker,  Lord  Brassey,  Sir  Jas.  Douglass,  Sir  John  Fowler, 
and  Sir  Wm.  Thomson.  In  concluding  his  remarks  he  paid 
a  well-deserved  compliment  to  the  energy  of  the  secretary, 
Mr.  Pryce-Cuxson.  Mr.  W.  N.  Colam  has  been  elected 
president  for  1891. 

JBdinbnrgh  Exhibition.— With  regard  to  theguarantee 
letters  held  by  the  British  Linen  Bank,  the  Court  of 
Session  have  made  an  order  that  the  bank  shall  forthwith 
deliver  the  letters  to  the  liquidator  under  reservation  of  all 
questions  of  preference  and  security  over  the  guarantee 
fund  and  the  letters,  and  that,  as  a  further  safeguard,  a 
clause  shall  be  added  to  the  order  to  the  effect  that  delivery 
has  been  made  under  the  special  declaration  that  the  British 
Linen  Company  Bank  shall  not  be  prejudiced  by  having 
parted  with  the  letters.  In  connection  with  Mr.  Lee  Bapty's 
arrest,  the  Court  of  Session  at  Edinburgh  have  granted  a 
reduction  of  the  bond,  signed  by  the  exhibition  refreshment 
contractor  as  security  for  Mr.  Lee  Bapty's  guarantee  of 
£500 ;  so  that  the  late  manager  at  Edinburgh  cati  proceed 
to  Jamaica  with  a  light  heart.  The  liquidator  has  issued 
a  circular  to  the  guarantors  stating  that  the  bank  have 
handed  over  to  him  the  letters  of  guarantee  in  accordance 
with  the  decision  of  the  Court,  and  requesting  immediate 
payment  of  the  moneys  guaranteed.  We  hope,  therefore, 
that  the  liquidation  will  now  be  effected  peacefully  and 
speedily. 

Bamaley. — At  a  recent  meeting  of  the  Town  Council, 
the  electric  light  contract  with  the  Westinghouse  Company 
having  been  read,  Mr.  J.  H.  Bailey  asked  if  the  clause 
insisting  that  the  materials  so  far  as  possible  should  be 
made  in  England,  was  put  in  because  the  committee  were 
of  opinion  that  better  materials  would  thus  be  obtained  ? 
Alderman  Blackburn  said  it  was  done  to  satisfy  popular 
feeling  as  much  as  anything.  Mr.  Wray  said  some  of  the 
opponents  of  the  scheme  had  made  a  point  of  the 
fact  that  work  was  likely  to  go  out  of  the  country. 
They  had  mentioned  that  fact  to  the  company's 
representative,  and  as  he  seemed  willing  that  all  the 
material,  with  the  exception  of  the  dynamos  and  engines, 
should  be  obtained  in  Engl&nd,  they  thought  it  might  as 
well  be  put  in  the  contract.  Alderman  Blackburn  said  the 
contract  was  only  going  for  approval,  and  they  might  find, 
on  its  return,  that  the  clause  had  been  crossed  out.  Mr.  J. 
H.  Bailey  did  not  quite  see  the  necessity  of  the  clause,  so 
he  moved  as  an  amendment  that  the  matter  should  be  left 
entirely  in  the  hands  of  the  contractor.  His  amendment 
was  not  seconded,  however,  and  the  minutes  were  confirmed 
in  their  entirety. 

StoppinflT  Machinery. — In  a  description  of  the  mills 
of  Messrs.  Horrocks,Crewdson,  and  Co.,  at  Preston  (Lanes.), 
a  correspondent  of  the  fFoidumseman  and  Draper^  Trade 
Jowmal  says,  speaking  of  the  machinery  dealing  with  cotton 
in  what  is  called  the  "  sliver ''  form  :  "  A  most  important 
thing  in  connection  with  the  process  is  that  the  frames 
must  not  be  allowed  to  work  even  for  a  moment  with  one 
or  more  of  the  slivers  broken,  otherwise  the  count  of  the 
yarn  would  become  irregular,  and  to  avoid  all  risk  of  this, 
valuable  mechanical  appliances  have  been  devised.    The 
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latest  is  an  electric  stop  motion  patented  by  Messrs. 
Howard  and  BuUough,  of  Accrington,  and  to  such  automatic 
perfection  has  this  machine  been  brought  that  if  one  of 
these  delicate  films  should  chance  to  break,  the  frame  would 
instantly  stop  dead.  The  principle  of  this  electric  stop 
motion  is  as  simple  as  effective.  When  the  sliver  is  passing 
between  the  two  iron  rollers  it  necessarily  keeps  them 
apart,  but  when  the  cotton  breaks  they  come  together,  and 
thus  an  electric  circuit  is  completed,  to  which  the  current  is 
supplied  by  a  small  magneto-electric  machine.  Another 
equally  simple  motion  is  provided  for  stopping  the  frame 
when  the  can  is  full." 

Aoeqmnlator  Can. — The  snowstorm  last  week  made 
practically  no  difference  to  the  running  of  electric  cars. 
While  the  poor  horses  were  struggling  along  with  clogged 
feet,  the  accumulator  car  sped  on  its  way  with  ease.  The 
conditions  under  which  the  cars  at  Barking-road  are  charged 
and  discharged  are  very  carefully  regulated,  and  the  effect 
is  seen  in  what  seems  to  be  the  far  greater  economy  of 
these  cars  as  compared  with  the  Birmingham  cars.  The 
grades  at  Birmingham  are,  indeed,  in  places,  very  much 
heavier,  but  the  chief  obstacle  seems  to  be  the  adoption  of 
the  bogie  cars  on  the  Birmingham  tram  lines.  At  any  rate, 
the  passenger  capacity  at  Barking  is  52,  and  at  Birming- 
ham the  same,  or  even  one  or  two  less,  and  the  mileage  run 
by  the  former  is  within  10  per  cent,  of  the  latter,  yet  the  coal 
consumed  at  Barking,  if  the  figures  in  our  possession  are  to 
be  lelied  upon,  is  5^  tons  per  week  at  Barking,  against 
21  tons  at  Birmingham,  which,  even  considering  the  greater 
mileage,  heavier  gradients,  and  cheaper  coal,  leaves  a  great 
difference  in  cost  of  fuel.  The  Barking  cars  are  discharged 
at  a  maximum  of  74  amperes,  down  to  a  usual  30  amperes ; 
while  at  Birmingham  the  current  is  nearly  double,  running 
from  140  maximum  to  a  usual  100  amperes. 

The  Telephone  in  WalsalL — Unless  the  telephone 
companies  show  a  disposition  to  lower  their  prices,  and 
give  their  customers  increased  facilities,  they  may  expect 
in  most  of  our  large  towns  something  of  the  nature  of  the 
following,  which  is  taken  from  the  correspondence  columns 
of  a  Walsall  paper.  A  Mr.  Leckie  writes  that  if  the 
present  company  at  work  there  offer  an  all-round  charge  of 
£6  to  cover  an  area  a  mile  square,  they  will  get  plenty  of 
subscribers,  but  if  they  don't,  he  has  ascertained  that  with 
a  capital  of  £2,000  to  £3,000  there  could  be  established  in 
Walsall  200  to  300  connections  with  subscribers,  with  full 
plant  equipment,  and  at  £4  or  £5  a  subscriber.  That 
the  entire  working  expenses,  maintenance,  and  allowance 
for  depreciation  would  leave  at  least  10  to  15  per  cent, 
profit;  while  the  working  staff  could  go  on  fitting  up 
new  connections  without  extra  capital  or  outlay,  as  they 
might  be  required.  At  a  low  figure  like  this  every  trader 
and  manufacturer,  and  the  principal  shopkeepers  and  private 
residences,  would  be  connected,  and  300  subscribers  is  con- 
sidered not  a  sanguine  expectation.  Before  going  into  the 
formation  of  a  company,  which  he  thinks  had  better  be 
a  co-operative  one,  where  all  the  profits  would  go  to  the 
subscribers,  Mr.  Leckie  deems  it  advisable  to  await  the 
best  proposals  the  old  company  may  be  advised  to  make  to 
the  trade  and  town.  Nothing  above  £5  would  ensure  suc- 
cess. It  is  the  price  that  determines  success  or  failure  in 
WalsalL  £5  will  pay  the  company  well.  They  need  ex- 
pect monopoly  no  longer.  In  Sheffield  and  other  places 
movements  are  going  forward  to  get  cheap  telephones  for 
themselves,  owing  to  the  past  bad  and  dear  services  of  the 
monopolists.  Why  should  Walsall  longer  be  without  tele- 
phonic facility  t 


An  Unfortnnate  Matter. — ^Messrs.  Mappin  Bros.,  of 
220,  Regent-street,  W.,  write  as  follows  to  the  Times :  "We 
are  among  the  unfortunate  persons  who  have  been  induced 
to  employ  a  public  electric  lighting  company,  and  we  feel 
sure  that  what  we  are  about  to  say  will  be  useful  to  others 
who  contemplate  similar  action.  For  hours  at  a  time,  when 
at  first  we  had  been  depending  on  no  other  means  of  light- 
ing oiu*  premises,  the  company  (in  our  case  the  London 
Electric  Supply  Corporation,  Limited)  has  from  choice  or 
mismanagement  (we  do  not  know  which)  given  us  no  light 
at  all.  This  conduct  reached  a  climax  with  the  destruction 
of  the  London  Company's  premises  by  fire  (we  hear 
this  originated  in  their  own  cables)  when  it  trans- 
pired that  they  had  no  reserves,  and  we,  with 
other  of  their  consumers,  were  without  electric  light 
for  fully  a  fortnight  The  light  has  been  again  supplied, 
and  during  this  dark  weather,  and  at  a  season  when  we  are 
very  busy  indeed,  the  supply  of  this  wonderful  electric 
light  is  of  the  most  fitful  character,  and  comes  on  and  off 
just  presumably  (as  we  can  get  no  explanation  from  the 
company)  as  our  {(tippliers  think  fit.  We  think  that  you 
and  a  number  of  your  readers  will  agree  with  us  that  it  is 
a  monstrous  thing  that  any  license  should  be  granted  to  a 
corporation  professing  to  supply  the  public  with  what  it  so 
obviously  does  not  possess  or  cannot  control,  and  we  write 
this  in  the  interest  of  a  large  section  of  the  public  who 
might  be  (as  we  have  been)  put  to  great  expense  and 
enormous  inconvenience  owing  to  what  can  only  be 
described  as  (to  put  it  mildly)  the  utter  incapacity  of  such 
electric  lighting  companies."  We  have  commented  on  this 
letter  elsewhere. 

Eleotiic  IdflThting  in  Lendon. — ^In  the  House  of 
Commons  last  Tuesday,  Mr.  R  Chamberlain  asked  the 
President  of  the  Board  of  Trade  whether  his  attention  had 
been  called  to  the  long-continued  default  of  the  Chelsea 
Electric  Supply  Company  to  furnish  the  statutory  current 
of  100  volts,  and  to  the  serious  loss  of  illuminating  power 
sustained  by  consumers  in  consequence ;  and  whether  he 
would  take  steps  to  compel  this  company  to  keep  faith 
with  the  public  or  to  forieit  their  concession.  Sir  M. 
Hicks-Beach  replied  that  last  winter  the  hon.  member  com- 
plained to  the  Board  of  Trade  of  the  deficiency  in  the 
standard  pressure  of  the  current  supplied  by  this  company. 
The  Board  of  Trade  communicated  with  the  company,  and 
were  informed  that  the  cause  of  complaint  had  been  re- 
moved. Under  the  regulations  imposed  upon  the  company 
under  their  order,  they  were  bound  to  declare  to  the  con- 
sumer the  constant  pressure  at  which  they  proposed  to 
supply  him  with  energy,  and  the  variation  from  the  pressure 
so  declared  must  not  exceed  4  per  cent,  under  a  penalty 
not  exceeding  £5  for  each  default,  and  a  daily  penalty  not 
exceeding  £5  so  long  as  the  default  continues.  If  the 
regulations  were  not  complied  with  it  was  open  to  the  con- 
sumer to  proceed  against  the  company  for  penalties.  Mr.  B. 
Chamberlain  asked  whether  the  right  hon.  gentleman's 
attention  had  been  called  to  the.fa;ct  that  the  variation 
mentioned  was  taken  advantage  of  in  order  to  supply  the 
consumers  not  with  an  average  of  100  volts  but  of  97,  in 
that  way  taking  advantage  of  the  concession  of  the  Board 
of  Trade.  Sir  M.  Hicks-Beach  said  that  however  that 
might  be,  if  the  company  were  in  default  the  consumers 
had  their  remedy.  It  was  not  for  the  Board  of  Trade  to 
enforce  the  law.  Mr.  B.  Chamberlain  asked  if  he  were  to 
understand  that  they  had  no  remedy  unless  the  company 
got  below  %,  the  4  per  cent  referred  to  in  the  answer  just 
given.    Sir  M.  Hicks-Beach  replied  in  the  affirmative. 
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EXPIBT  OF  BELL  TELEPHONE  PATENT. 

Tha  date  that  has  been  so  long  looked  for  in  telephone 
circlu  has  at  laat  oome  this  week,  and  on  December  9tb 
the  famous  Bell  patent  for  magneto  telephones  expired, 
leaving  what  is  perhaps  the  most  wondrous  discovery  that 
science  has  yet  made  open  and  free  to  the  world.  The 
natural  and  immediate  result  of  this  will  be  a  rush  to  the 
manufacturers  for  telephones  to  be  erected  on  private  and 


Fre«  Telephone  Set. 

public  lines  throughout  the  whole  country,  and,  indeed,  we 
are  assured  that  this  rush  has  already  commenced  and 
thousands  of  instrumenU  are  being  packed  off,  while 
enquiries  are  pouring  in  every  day. 

There  must,  however,  be  no  mistake  about  how  the 
matter  stands.  It  will  be  remembered  that  the  original 
and  world-awakening  patent  of  Prof.  Bell's  was  for  a 
maf;netic  telephone  consisting  of  a  magnet,  a  coil,  and  a 


Uix  and  Genesb  Spoon  Telephone  and  Transmitter. 

vibrating  diaphragm.  It  is  this,  the  most  necessary  and 
the  master  patent— the  Bell's  magneto  receiver  patent — that 
has  now  ezpiied,  and  this  fact  at  once  puts  a  vast  amount 
of  telephonic  work  at  the  disposal  of  the  public.  But  this 
does  not  throw  the  whole  system  of  telephonic  exchanges 
also  open.  The  Bell  telephone,  as  all  know,  certainly 
enabled  persons  to  converse  by  means  of  two  exactly 
similar  instruments,  but  was  not  able  b)  carry  out  all  that 
had  been  expected  until  the  introduction  of  the  separate 
transmitter  or  microphone.  This  the  original  invention  of 
Prof.  Hughes,  has  in  the  form  used  in  the  telephonic 
exchanges  been  fought  under  what  is  termed  the  master 


patent  of  Edison  for  carbon  transmitter.  We  have  never 
considered  this  patent  to  be  really  tenable,  but  the  mono- 
poly has  been  upheld  by  it,  and  it  would  certainly  not  be 
worth  while  contesting  now,  as  this  patent  also  expires  in 
July,  1891.  Therefore,  although  it  is  possible  after  this 
week  to  manufacture  and  sell  telephones  of  the  magneto 
Bell  pattern,  it  will  not  be  until  July  next  that  systems 
embracing  the  full  utility  of  the  invention  for  long-distance 
work  and  for  large  exchanges  will  be  possible.  Even  then  the 
type  of  loud-speaking  perfected  transmitters,  known  as  the 
CroBsley  or  the  Gower-Bell,  do  not  run  out  for  another  two 
years,  and  although  the  basis  of  the  whole  telephonic 
system  will  be  open,  yet  the  holders  of  the  later  patents 
may  be  expected  naturally  to  make  the  beit  use  and  the 
best  fight  they  can  with  the  material  still  left  to  them. 

The  state  of  the  matter  then  is  simply  this,  that  anyone 
can  now  make  or  use  the  Bell  telephone  without  special 
transmitter,  and  although  this  telephone  does  not  make 


Spoon  Telephone  in  Use, 

such  an  efficient  and  loud-speaking  instrument  without  the 
transmitter  as  with  one,  it  will  be  found  that  the  key  to  the 
monopoly  hitherto  existing  has  been  lost,  and  monopoly 
will  no  longer  be  possible. 

There  is  a  distinct  advantage  in  having  the  carbon  trans- 
mitter, and  as  this  also  will  be  free  in  another  six  months 
or  so,  it  is  evidently  the  best  way  for  intending  users  to 
make  arrangements  in  their  apparatus,  instruments,  and 
lines  for  the  carbon  transmitter  to  be  inserted,  but  for  the 
present  to  leave  it  out,  and  use  the  telephone  in  itn  original 
simplicity. 

We  have  had  a  look  round  at  some  of  the  outside  makers 
of  telephones  to  find  out  how  the  lapse  of  the  patent  will 
affect  them.    Messrs.  Paterson  and  Cooper  at  one  time  had 


Mix  and  Geneab  Transmitter. 

an  enormous  business  in  the  manufacture  of  the  telephones, 
but  for  some  years  their  work  in  this  direction  has  entirely 
subsided.  Now  that  they  are  able  to  supply  telephone 
installations  out  and  out  for  customers,  they  will  take  up 
the  manufacture  once  more,  and  it  is  expected  that  the 
business  will  grow  to  considerable  dimensions  again. 

The  International  Electric  Company,  who  are  the  English 
agents  for  the  Mix  and  Genest  Company,  of  Berlin,  are 
laying  themselves  out  tor  the  satisfaction  of  an  enormous 
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denuind  for  telepboDes,  of  which  they  ar«  already  beginning 
to  feel  the  effects.  One  of  their  patent  spoon-alupea 
telephones  had  just  been  fitted  up  in  their  office  as 
we  called  on  Tuesday,  the  day  uf  expiry,  and  already 
over  200  telephones  had  been  sent  out  all  over  the 
kingdom,  moetly  for  private  installations,  and  enquiries 
were  coming  iu  at    the    rate    of  CK)  or  60  a  day.     A 
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Diagram  of  Dnmniy  TrannnilteT  Conueotitms. 


special  telephone  set  has  been  manofactured,  of  which  we 
give  an  ilfustration.  In  this  inatniment  at  present,  a 
magneto  telephone  is  inserted  in  the  transmitter,  and  the 
transmitter  wire  is  simply  led  to  a  dnmmy  screw,  as  shown 
in  the  first  diap^m.  These  telephones  wUl  be  sold  out- 
right and  guaranteed  free  of  all  royalty.     To  each  set  of 


Line  Selector  for  Small  Bxohai^M. 

telephones  a  microphone  will  be  supplied  free  of  charge  in 
July  next,  when  the  transmitter  patent  expires,  and  by 
unscrewing  the  telephone  diaphragm  and  inserting  the 
microphone  in  its  place,  and  joining  up  the  wire  above- 
mentioned  to  its  proper  screw,  the  telephone  will  be  con- 
verted into  a  microphone  set  The  spoon-shaped  telephone, 


which  have  been  so  greatly  used  in  Germany,  will  be  also 
sent  out ;  in  these  the  receiver  and  transmitter  are 
mounted  on  one  bar,  and  the  ear-piece  comes  to  the  ear  as 
the  mouthpiece  comes  to  the  mouth,  and  tisteniag  and 
speaking  can  be  carried  on  at  the  same  time  and  in  any 
position.  A  special  feature  which  is  being  iDtrodneed  by 
this  company  is  that    of   the    "line  selector,"  an  anto- 


IMi^ram  of  Conneotiotui  with  'Avnsmlttar. 

matic  exchange  switch,  which  we  also  illustrate.  These 
miniature  switchboards  enables  a  certain  number  of  suh- 
Bcribersor  speakers  to  speak  to  each  other  withouttheneceesity 
for  a  centru  station  by  Uiemselves  connecting  up  tg  the 
desired  Une,  The  "  line  selector  "  is  made  in  any  number 
from  four  or  five  up  to  60  stations,  and  is  in  use  in  Ger- 
many in  many  important  establishments.  For  instance, 
the  International  Bank  at  Berlin  has  a  set  for  29  instru- 
ments ;  iba  Dresdener  Bank,  Berlin,  24  inatiwnents ;  the 
Berlin-Erfurt  Bailway  Company's  general  offices,  64  instru- 
menta,  and  so  forth.  The  company  have  specially  laid 
themselves  oat  to  supply  the  demand  that  ia  now  likely  to 
arise,  and  have  ready  supplies  sufficient  to  satisfy  very 
lai^  demands  of  instruments,  which  are  arranged  for  all 
practical  purposes.  They  have  also  some  new  and  interest- 
ing types  of  multiple  switchboards  of  a  simpler  type  than 
those  now  in  vogue,  which  may  be  expected  to  come  into 
general  use,  but  as  these  necessitate  the  use  of  the  trans- 
mitters for  centnl  exchange  work,  we  need  not  further 
refer  to  them  at  the  present  juncture. 

On  enquiry  at  the  General  Post  Office  we  find  that  the 
Post  Office  authorities  do  not  intend  to  take  any  steps  with 
reference  to  the  telephone  at  present,  but  wul  leave  any 
action  that  may  be  considered  necessary  until  the  expiry 
of  the  Edison  transmitter  patent  in  July. 


Hvesoa  (Spain). — An  installation  of  200  incandes- 
cents  and  two  arcs  has  been  put  up  here  by  Don  P. 
Palacios,  of  Saragoesa. 
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A  RUN  ON  THE  CITT  AND  SOUTH  LONDON 

ELECTRIC  RAILWAY. 


The  C&by  and  South  L<mdon  Electrio  Railway,  having 
already  bean  fOTmally  opened  by  die  Prince  of  Wales,  is 
haying  the  finishing  touches  put  to  it,  and  we  are  informed 
that  in  another  few  days,  probably  starting  on  Monday 
week,  the  trains  will  b^n  running  for  the  public.  We 
can  quite  believe  that  this  time  the  prognostication  will  be 
correct,  for  the  trains  have  been  running  now  for  some 
tune  for  tests  and  practice,  and  everything  seems  to  go  very 
well  indeed.  Hie  machinery  is  practically  in  full  working 
order,  and  the  trains,  loaded  with  sacks  of  gravel  to 
represent  100  persons  of  12  stone  each,  have  been  running 
regularly  every  weekday  from  nine  o'clock  in  the  morning 
till  six  at  night.  When  the  line  is  opened  the  trains  wifi 
be  run  with  a  five  minutes'  service  from  six  in  the  morning 
till  half -past  12  at  night.  We  have  recently,  through 
the  kindness  of  the  engineers  connected  therewith,  had  an 
opportunity  of  seeing  tihe  line  in  full  working  order,  of 
riding  in  the  trains,  and  of  inspecting  the  finished  machinery 
at  StockwelL 

Thb  Tkbminttb  and  Lifts. 

The  Gity  terminus  is,  as  most  of  our  readers  know, 
almost  exactly  opposite  the  Monument  of  the  Great  Fire 
of  London.  It  is  rather  a  handsome  building,  of  red  brick 
and  stone,  and  will  open  with  Inroad  gateways  upon  the 
road.  The  inside  of  the  stations  are  neatly  and 
brightly  deeorated,  white  glazed  bricks  being  used  abun- 
dantly. The  lifts  are  now  in  full  working  order.  These 
are  made  by  Sir  W.  O.  Armstrong,  Mitchdl,  and  Co.,  and 
run  up  and  down  a  huge  well  shiSt  at  each  station.  Each 
lift^  is  half  of  an  octagon,  with  seats  along  one  side  for 
ladies,  and  is  capable  of  holding  with  ease  45  passengers,  or 
up  to  60  at  a  crush.  The  descent  is  not  noticeably  slow, 
and  is  even  and  pleasant  The  stations  are  light,  large, 
and  well  arranged.  At  the  time  of  our  visit  a  dense  and 
penetrating  fog  had  shrouded  the  London  streets,  to  which 
the  comparative  purity  and  freshness  of  the  atmosphere 
underKround  was  in  striking  contrast.  What  is  seen  upon 
arrival  on  the  platform  is  not  much  and  is  not  complicated. 
In  the  distaiice  the  small  dark  round  tunnel  with  dim  lights 
flickering.  The  platform  is  low,  and  one  set  of  rails  only  are 
seen,  as  the  other  line  goes  by  another  tunnel.  These  rails 
are  ihe  usual  gauge,  and  alongside  one,  about  Gin.  distance,  is 
fixed  the  conductor  rail.  This  is  a  thick  bar  of  solid 
steel  about  l^in.  square,  carefully  connected  with  fish- 
plate junctions  end  to  end.  At  the  terminus  a  pair  of  rails 
leads  off  by  a  pair  of  points  to  a  short  distance,  on  which 
stands  the  spaie  locomotive  for  connecting  to  the  train  on 
rotuming  on  its  backward  journey ;  the  signals  are  seen  in 
the  distance,  and  this  is  all. 

Thb  Train  and  Gamuagss. 

Presently  the  train  is  heard  approaching,  it  issues  from 
the  little  tilhnel,  slows  down  and  stops  easily  at  the  platform. 
The  engine  is  detached,  the  spare  locomotive  is  backed  up, 
the  coupling  is  effected  in  the  simplest  manner  by  the 
backing  of  the  locomotive,  which  carries  a  coupler  with  a 
bell-shaped  opening,  into  which  the  bar  of  the  carriage 
slides  easily  and  the  shunter  drops  in  a  steel  key.  Three 
carriages  are  attached  to  each  train,  sufficient  to  carry  120 
passengers,  one  carriage  being  for  smokers.  The  carriages 
inside  are  much  like  a  long  tramcar  or  a  good 
second-class  railway  carriage,  having  the  seats  arranged 
lengthwise,  with  padded  cushions  and  polished  wood- 
work Electric  lamps  are  arranged  in  round  glass 
containers  above,  but  are  not  yet  in  use.  At  first  they 
were  intended  to  be  supplied  from  the  main  conductor,  but 
owing  to  the  fluctuations  it  has  been  deemed  better  to  have 
a  separate  supply,  and  we  are  informed  that  this  is  now 
arranged  to  be  done  by  a  set  of  accumulators  carried  in 
each  train  and  charged  at  the  generating  station.  The 
train  starts  with  an  easy  motion,  and  with  a  roar  and  a 
rush  plunges  into  darkness.  The  speed  is  obtained  in  a 
very  few  seconds,  aided  by  the  gradients,  which  are  made 
to  assist  the  starts.  The  carriages  are  most  comfortable, 
and  much  roomier  than  ought  be  supposed  ;  there  is  plenty 
of  room  for  a  tall  man  wearing  a  silk  hat,  and  on  sitting 


down  there  is  more  than  ample  room  for  passengers'  legs. 
There  is  more  noise  than  might  be  expected,  owing  prob- 
ably to  the  close  proximity  of  the  roof  of  the  tunnel,  and  it 
would  be  difficult  to  carry  on  a  conversatioiL  However, 
as  English  passengers  do  not  converse  much,  but  read,  in  a 
raQway  train,  this  will  not  be  much  noticed. 

Ok  the  Lo<X)1[OTIVe. 

The  locomotive  itself  is  a  neat  and  clean  specimen. 
There  is  ample  room  for  the  men  to  stand  upright  and 
move  about,  and  there  is  little  to  do  compared  with  a 
steam  locomotive,  though  it  naturally  requires  a  careful 
driver  at  any  time,  and  doubly  so  while  the  system  is  new. 
The  motor  is  underneath  the  floor  of  the  engine,  a  grating 
allows  the  men  to  watch  the  play  and  sparkins  of  the 
brushes.  A  tachmeter,  or  speed  indicator,  is  bolted  to  the 
floor  in  front  of  the  driver,  and  is  run  by  a  small  belt  from 
the  armature.  Along  each  side  of  the  engine  are  run  the 
long  steel  tubes  of  compressed  air  (charged  at  the  generat- 
ing station),  for  working  the  Westinghouse  brake.  The 
brake  has  the  small  valve  handle  to  one  side,  and  also  an 
ordinary  handle  in  case  of  need.  Besistances  are  ranged 
along  the  other  side  and  covered  in ;  and  two  substantial 
switches,  surmounted  by  an  ammeter,  are  just  to  the 
driver's  hand  One  of  these  reverses  the  field  magnets,  and 
the  other  regulates  the  resistances.  The  locomotive  is 
covered  in  in  front,  and  the  driver  watches  for  the  signals 
through  the  broad  glass  window.  The  word  is  given, 
he  turns  the  switch,  the  engine  moves  slowly  out, 
a  shower  of  little  red-hot  sparks  come  from  the 
conductor,  and  the  engine  moves  off  and  dashes  into 
darkness.  The  driver  keeps  one  eye  on  the  ammeter,  with 
an  occasional  glance  at  the  speed  indicator,  and  the  other 
on  the  blackness  before  him.  The  engine  plunges  forward, 
its  lamps  illuminating  the  white-bricked  tunnel,  sometimes 
down  a  slight  incline,  and  a  slight  (perhaps  fancied)  addi- 
tional chillness  gives  us  the  idea  we  are  passing  under  the 
Thames  rolling  above,  then  round  a  slight  curve  and  an 
upward  tendency,  and  the  glimmer  of  a  green  light  is  seen. 
Its  gets  nearer,  we  pass  it,  and  the  driver  throws  over  the 
switch  handle  all  the  way  round,  and  puts  his  hand  to  the 
brake  valve.  The  red  lamp  in  die  station  can  now  be  seen, 
draws  nearer,  and  the  engine  draws  into  the  station,  slow- 
ing up  to  the  puff  of  the  Westinghouse  brake,  and  draws 
up  easily  just  before  the  red  lamp  at  the  platform.  The 
time  from  station  to  station  is  about  three  or  four  minutes, 
and  the  whole  distance  from  the  Monument  to  Stockwell 
takes  just  about  a  quarter  of  an  hour.  At  present  the 
trains  will  run  every  five  minutes ;  if  necessary  hereafter 
a  three  minute  service  will  be  put  on. 

Thb  Obneraxxng  Station. 

At  Stockwell  there  is  another  handsome  station  in  red 
brick  and  stone,  surmounted  with  a  dome,  and  furnished 
with  lift  as  are  the  othen.  The  generating  station  is  some 
two  or  three  minutes'  walk  across  the  road.  In  this  station 
the  three  large  vertical  engines  were  at  work  driving  the 
generating  dvnamos.  Two  of  these  were  working  at  full 
speed,  and  the  other  is  kept  at  slow  speed,  in  case  of  a 
change  over  being  necessary.  The  engines,  as  we  have  before 
stated,  are  of  400  h.p.  They  have  14ft  flywheels,  driving 
the  huge  Mather  and  Piatt  dynamos,  beside  which  a  man 
looks  small,  by  means  of  18in.  leather  belting  passing  under 
jockey  pulleys.  At  one  end  are  the  tlu^se  horizontal  air 
compressor  engines,  only  working  occasionally.  At  the 
other  end  is  the  switchboard,  massively  arranged.  The 
conductors  from  the  two  dynamos  are  brought  to  this  switch- 
board and  connected  in  parallel,  and  from  this  feed  on  to 
the  main  conductor. 

The  conductor  is  in  one  continuous  length,  and  is  sup- 
plied with  current  at  four  distinct  places  by  a  system  of 
feeders,  as  in  an  electric  light  system.  These  feeden  are 
each  controlled  by  a  main  switch,  and  the  current  to  each 
passes  through  an  ammeter  registering  up  to  500  amperes. 
The  switches  are  of  the  double-bladed  knife  pattern.  Each 
switch  is  arranged  with  two  fuses,  so  that  if  one  should 
go,  which  may  occasionally  occur  in  starting  with  too 
sudden  a  rush  of  current,  tne  switch  can  be  switched  over 
and  another  fuse  be  brought  into  use.  There  are  thus  four 
switches  controlling  the  four  feeder  circuits.  The  retucn  is 
made  by  the  rails. 
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The  current  varies  contiimally  from  0  up  to  500  amperes. 
On  the  occasion  we  inspected  the  ammeters  they  stood  at 
UO,  160,  130,  and  30  amperes— a  totsl  of  460  amperes. 
The  average  current  per  train  is  just  about  50  amperes, 
varying  from  0  on  a  decline  up  to  200  at  start.  The 
pressure  is  500  volts.  No  difficulty  is  found  trith  the 
wearing  away  of  the  conductor.  Very  few  (Ufficulties  or 
accidents  seem  to  have  been  encountered  other  than 
occasional  going  of  a  fuse  in  starting,  with  the  exception 
that  in  the  first  place  the  original  locomotive  was  found 
too  light,  and  those  in  use  at  present  are  some  two  tons 
heavier,  to  provide  sufficient  friction  for  drawii^  the  train 
at  the  requisite  speed — 25  miles  an  hour. 

The  boilers  are  situated  below  the  ground  level  to  give 
dry  steam.  There  are  six  of  tiiese — Lancashire  tvpe — ^four 
of  which  are  in  use  while  the  others  are  being  cleaned,  or 
kept  banked  up.  The  boilers  are  fitted  with  an  automatic 
coal  feeder,  the  patent  of  Messrs.  T.  and  T.  Yioars,  of 
Liverpool  and  London,  which  seems  to  act  admirably,  and 
gives  little  trouble. 

A  number  of  well-known  eleotrisal  and  mechanical  engi- 
neers, and  other  professional  and  business  men,  have  visited 
the  City  and  South  of  London  Railway,  and  it  must  be 
acknowledged  that  the  engineers  have  attacked  tUs  new 
and  important  problem  in  a  direct  and  simple  manner, 
which  gives  every  promise  and  proof  of  a  most  successful 
undertaking.  This  line  is,  in  reality,  the  first  electric 
"  railway  "  that  has  yet  been  built  It  runs  under  stringent 
conditions  of  working  such  as  will  have  to  be  accepted  by 
engineers  in  operating  present  or  prospective  railways  bv 
electric  traction,  and  we  cannot  be  too  proud  that  this 
imoortant  advance  has  been  first  successfully  undertaken 
ana  accomplished — as  so  man^  other  undertakings  have 
been — ^in  England  and  by  Enghsh  engineers. 


HOTES    ON    THE    CHEMISTBT    OF   SECONDARY 

CELLS.* 

BY  PBOF.   W.  I.  ATBTOK,  VZOB-PBaSIDSKT ;    0.  Q.  LAMB,  B.8a,   AND 

■.    W.  SMITH,  ASSOGIATIS. 

[(hntmued  Jrcm  pagt  iSif,) 

It  wiH  be  taeo  that  daring  the  chacviag  the  viriatiaD  in  the 
hardness  of  the  plugs  Is  far  greater  at  uie  top  than  at  the  bottom 
of  the  plates,  ana  oonsirtently  with  this  tact  Mr.  Robertson's 
analyses  show  that,  on  the  whole,  the  rate  of  chemical  action  at 
the  top  of  the  plates  is  greater  than  at  the  bottom.  The  diiferenoe 
in  the  nardness,  however,  is  far  more  marked  than  the  diffMenoe 
in  the  chemical  action.  For  example,  while  the  plugs  at  the  top 
of  the  positive  plates  are,  daring  tne  earUer  part  of  the  charging, 
much  harder  than  those  at  the  bottom,  no  sach  striking  differeiice 
is  observable  in  the  percentage  of  lead  peroxide  contained  by 
these  plags.  The  cause  of  this  we  are  examining  experimentally 
at  the  present  time. 
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In  order  to  seehowlar  theresistanoe  of  the  lead  grid  woald  tend 
to  make  the  ourrent  density  in  the  upper  part  of  the  Uqatd  less  than 
in  the  lower,  as  well  as  for  the  purpose  of  seeing  how  large  a  fmo- 
tion  of  the  whole  resistanoe  of  the  accumulators  was  due  to  the 
lead  lugaaadtothe  oonnections  between  the  successive  pairs  of  lugs, 
the  folkywing  teste  were  made  by  three  of  the  students,  Messrs. 
Hobeoo.  Lee,  and  Montealegre : 

Parte  ol  the  lead  lugs  of  some  of  the  accumulators  were  scraped, 
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and  on  these  dean  spots  bfaiding  screws,  which  had  beenthsm- 
selves  filed  bright,  were  tightly  screwed.  The  accumutators  were 
allowed  to  send  measured  currents,  the  values  of  whieh  are  given 
in  the  following  tables,  and  the  P.D.  between  the  pairs  of  binding 
sorews  was  carefully  measured  witii  a  sensitive  reflectiag  volt- 
meter.  The  resistanoe  d  the  lugs  between  the  pairs  of  binding 
screws  is  then  obtained  by  dividmg  the  P.D.  by  the  ouirent. 
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From  this  It  appears  that  the  resbtaace  per  inch  of  the  lug 
alone  is  about  OwiOiS  ohm ;  and  that  the  resistance  at  the  con- 
tact of  two  lues,  which  were  tightly  screwed  togethe*  when  quite 
dean,  but  which  have  become  very  dirty  from  the  acid  spray 
failing  on  them,  may  be  as  high  as  Owl  dhm.  or  90  times  the  resist- 
ance of  an  inch  of  the  lug  itself.  The  resistance  between  T  and 
O,  Fig.  0,  beine  greater  Sian  between  K  and  L,  when  T  was  very 
dirty,  is  probablv  explained  by  the  fact  that  when  the  wire  was 
screwed  under  T  to  test  the  resistance  between  T  and  O,  Fig.  9, 
it  was  screwed  sgainst  an  exceptionally  dirty  bit  of  the  lug. 


Fio.  0. 

Am  we  have  shewn  in  the  Bdlnborgh  paper,  the  mean  resistance 
from  positive  lug  to  negative  lug  ol  one  of  these  accumulators 
compute  is  about  0*004  chm  when  the  contaoto  between  the  l^gs 
and  the  testing  wires  are  made  qoite  dean.  Hence  ft  ^>Mars 
that  about  one-seventh  of  the  whole  mean  resistanoe  of  such  an 
accumulator  is  caused  by  the  resistanoe  of  the  lead  lugs  them- 
selves ;  and  that  the  resistanoe  of  such  accumulators  as  we  have 
been  experimentfnip  with  can,  when  joined  up  in  series,  be  increased 
by  26  per  cent,  if  the  contacto  be  allowed  to  become  dirty  by  the 
add  spray  falling  on  them,  even  although  they  sematn  au  tightly 
screwed  up. 

Since  these  teste  were  made  we  have  had  all  the  accumulators 
disoonneoted,  the  contacte  carefully  deausd  and  tightiy  screwed 
up,  aad  the  nute  and  screws  then  ooated  with  hot  pmmn  wax. 


The  ooaisdy  divided  paraffined  cork  which  is  sold  by  Mi 
Drake  and  Gorham  for  floating  en  the  tops  of  aooumulatoiv  to 
filter  the  hydrosen  gas  from  sulphuric  add  spray,  was  most  suc- 
cessful in  stoppme  uie  add  fumes  from  escaping  into  the  room 
when  we  first  obtdned  it.  As,  however,  the  cork  became  thoroushhr 
wetted  with  the  liquid,  ite  filtering  property  was  much  dimiuishea. 
It  appears  to  as  that  there  still  reaiains  the  need  for  a  really  good 
spray-arrester. 

IV.— An4x«t8IS  of  Plugs.' 

The  following  is  the  report  of  the  analyses  of  the  plugs  removed 
at  different  stages  of  the  charging  ana  discharging,  which  Mr. 
Robertson  has  &en  so  kind  as  to  prepare  for  us : 

Report  by  O.  H.  Robertson  on  Andyses  made  in  the  Chemjcd 
Department  of  the  Centrd  Institution  of  Plugs  from  an  E.P.S. 
Cefi.— October  16, 1890. 

Preparation  of  the  samples  for  audysls : 

The  positive  samples  were  taken  separatdy,  washed  on  to 
filters,  and  thorough)^  freed  fkom  add.  In  every  case  the  samples 
from  the  bottom  were  harder  to  wash  than  the  oMters,  and  the 
reddues  were  dried  for  some  hours  at  about  120deg.  C. 

The  samples  were  now  ground  up  fine  In  an  agate  mortar,  and 
thespllntonof  wood  and  glass  removed  as  far  as  possible.  The 
approximate  weighte  for  andysis  were  now  taken  and  redried  on 
watch  glasses  at  about  140d^.  C. 
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At  first  the  fobstanoe  for  analysii  was  diBSoWed  in  a  porcelain 
diab»  and  the  inaolable  reeidne  of  eolphate  was  filtered  off,  with 
the  intention  of  determining  the  amount  of  sulphate  by  the 
ammonium  aoetate  method ;  but  owing  to  the  small  amount  of 
material  available,  and  the  error  introduoed  by  the  solubility  of 
lead  sulphate  in  the  nitric  acid  used  to  dissolve  the  sample,  the 
attempt  to  determine  both  the  peroxide  and  the  sulphate  was 
abandoned,  and  the  samples  were  used  to  determine  the  peroxide 
only  as  accurately  as  possible.  This  course  was  justified  by  the 
fact  that  very  caraful  qualitative  experiments  showed  that  nothiig 
butperoxide  and  sulpbiate  was  present  in  the  plugs. 

The  method  employed  to  determine  the  peroxide  was  the 
ammonium  oxalate  and  pennanganate  method  described  in 
Sutton's  "  Volnmetric  Analysis,"  as  in  previous  analyses  it  had 
been  found  very  sensitive  i  sAd  the  solutions  were  cheeked  about 
every  two  days  against  pure  lead  peroxide,  and  each  dav  the 
sdutiotts  were  run  against  each  other,  but  they  were  not  found 
to  alter  practically  in  the  time  they  lasted.  The  first  lot  of 
ammonium  oxalate  was  standardised  u^nst  permanganate  whidi 
had  been  very  accurately  standaidisea  against  iron,  and  by  the 
nitrometer  method. 

Using  this  solution  "  pure  "  lead  peroxide,  as  purchased,  and 
which  afforded  a  slight  white  residue  like  silica,  contained  07*3 
per  cent,  as  Uie  mean  of  a  large  number  oi  analyses  made  with 
difbrent  weights;  and  any  suoseauent  solution  which  gave  the 
peraentsffe  between  07*2  and  97-6,  mdusive,  was  taken  as  correct. 

It  will  De  notioed  that  D  and  A'  gave  practically  the  same  per- 
centage as  the  sample  of  pure  lead  peroxide. 

Tfae  residues  from  the  samples  containing  the  highest  percentage 
of  pwoxide  of  lead  were  white,  those  from  the  samples  containing 
the  smaller  oercentage  were  brownish- white ;  and  it  was  noticed 
that  if  tfae  larger  erains  were  crushed  under  the  end  of  a  glass 
rod  th^y  had  a  dark  centre  of  peroxide,  which  at  once  dissolved, 
leaving  a  slight  yellowish- white  Insoluble  riiu^.  By  grinding  the 
sample  very  fine  in  the  mortar,  so  as  to  brei£  up  the  oapsuMs  of 
sulpbate  more  Uioroughly.  the  residue  was  got  lighter  in  colour ; 
and  using^  a  flask  to  boil  the  substance  in,  the  residue  became  per- 
fectly white ;  but  this  yellowish-brown  tinge  to  the  sulphate  does 
not  seem  to  be  due  to  any  appreciable  quantity  of  undissolved 
peroxide,  as  practically  identical  percentages  were  obtained  with 
pure  white  and  yellowish  residuee.  D^k  residnes  gave  low 
results. 

In  the  case  of  the  verv  hard  plugs,  there  was  some  error  from 
the  glass  and  wood,  which  could  not  be  picked  out  altogether, 
though  the  samples  were  picked  over  very  carefully  {qf.  ly,  E'). 

In  the  case  of  the  necative  plates,  the  sulphate  was  in  such  a 
loose  and  powdery  conoition  tnat  it  fell  off  and  adhered  to  the 
insides  of  the  bottles  used  for  receiving  the  plugs  in,  and  it  was 
quite  impossible  to  obtidn  representative  samples  for  quantitative 
analvsis ;  so  qualitative  tests  had  to  be  made,  which,  m  the  case 
of  charge,  showed  nothing  but  sulphate  of  lead  and  lead,  the 
sulphate  decreasing  during  charge  until  at  D  there  was  practically 
notnini^  but  pure  lead. 

During  discharge  the  sulphate  increased ;  at  C  there  was  a 
doubtful  indication  of  peroxide  of  lead,  and  at  IV  and  E'  there 
was  decided  evidence  ox  peroxide.  After  a  few  days  the  plugs 
were  white  all  over,  and  there  was  no  difference  in  appearance 
between  the  front  and  back.    The  water  had  no  acid  reaction. 
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NOTES  ON  BCONOHT  IN  CONDUCTOBS. 


ABSTRACT  OF  DISCUSSION  ON  MR.  KILGOUR'S  PAPER. 

After  a  few  words  of  compliment  upon  the  merit  of  the  paper 
from  tibe  President  of  the  Old  Students'  Association  (Kr.  W.  B. 

PreT.  Peny,  in  opening  the  discussion,  said  that  Mr.  Kilgonr's 

gaper  was  one  to  be  studied.  It  was  the  type  of  paper  the  Old 
tudents'  Association  should  have,  and  if  they  had  many  such  their 
meetings  might  well  rival  those  of  the  Institution  of  Eiectrial 
Engineers.  At  the  institution  U&ey  often  had  intensely  practical 
papers  by  practical  men  who  were  generally  scared  at  the  slightest 
approach  to  mathematics ;  and  they  had  also,  on  the  other  nand, 
some  extremely  learned  papers,  fiut  they  never  seemed  to  get 
quite  that  sort  of  paper -one  which  really  aimed  at  applving  the 
scientific  papers  to  work  and  making  them  practically  useniL  The 
tables  therein  given  would  be  most  useful,  enabling  engineers  to 
refer  instead  of  having  to  calculate  each  time.  He  did  not  think 
that  Sir  William  Thomson's  formula  had  ever  been  put  into  such 
a  practical  form  before.  The  price  of  the  Board  of  l^rade  unit,  he 
thought,  was  taken  too  high,  if  inserted  in  the  formula  at  the 
price  to  consumer.  That  at  present  was  too  much  to  take,  but  it 
was  being  reduced,  and  evervone  hoped  it  would  be  much  less  in 
the  future.  Mr.  Kilgour  nad  taken  the  excellent  practical 
case  of  the  transmission  of  100  h.p.  a  distance  of  five  miles.  It 
so  happened  that  a  very  similar  case  had  just  come  before  himself, 
that  he  (Prof.  Perry)  and  his  brother  were  working  out.  They 
paid  a  stated  charge  for  the  use  of  water  power,  and  he  was 
astonished  to  find  how  little  the  actual  cost  came  out.  His  brother 
had  said  that  it  had  not  sufficiently  struck  electrical  engineers  as 
yet  that  the  cost  of  a  Board  of  Trade  unit  in  the  future  would  be 
a  very  small  sum — ^that  was,  when  they  could  charge  for  the  pro- 
duction alone,  and  not,  as  they  now  too  often  had  to  do,  for 
mistakes  as  well.  He  would  like  to  see  more  made  of  the  case  of 
"  variable  but  uniform  "  circuits,  and  hoped  Mr.  Kilgour  would 
be  able  to  develop  that  point  into  another  article.  As  to  the  paper 
read  by  himself  and  Prof.  Ayrton,  he  hardly  thought  that  anybodv 
really  appreciated  or  used  it.  He  had  tried  to  convince  Prof. 
Forbes  that  he  was  wrong  in  thinking  the  transmission  of  power 
to  considerable  distances  would  be  used  in  very  few  oases.  He 
hoped  and  expected  that  it  would  be  taken  up  in  many  cases,  and 
that  then  enemeers  would  settle  down  into  taking  those  formubs  of 
the  current  density  to  be  employed.  He  was  interested  to  find  at 
the  time  of  the  experiments  in  long-distance  transmission   of 
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Marcel  Depres  that  the  onrrent  deanty  employed  Batisfied 
nurly  well  the  Ayrton  and  Perry  formula.  He  could 
not  help  wiflhinf^  that  the  paper  had  been  elaborated  a 
utue  more—it  deserved  eUborating.  He  would  like  to  see 
other  formulsB  taken  up  in  the  same  way.  The  case  of  telpher 
hnee  was  an  important  one,  long  lines  giving  out  power  for  trams 


cnlation  the  variable  had  been  t,  instead  of  the  variable  being 
L  and  X.  He  could  only  again  express  his  feeling  that  it  was  an 
erceedingly  valuable  paper,  and  if  they  could  only  continue  to 
nave  three  such  papers  a  vear  it  would  be  astonishing  how  the 
association  would  g^w  in  miportance. 

Mr.  Bawoitli  had  to  congratulate  Mr.  Kilgour  upon  his  very 
excellent  paper.  He  and  Mr.  Kilgour  spent  a  good  deal  of  time 
together,  and  he  thought  he  saw  the  origin  of  the  practical  nature 
of  his  (Mr.  KUgour's)  work.  The  calculation  of  the  mere  section  of 
ooppOT  that  was  required  was  useless,  because  it  did  not  take  into 
consideration  the  make  of  the  cable,  and  other  matters  that  made 
the  question  far  more  complicated.  Mr.  Kilgour  had  been  brought 
iBoe  to  face  with  this  problem,  had  tackled  it,  and  arrived  at 
results  which  would  maike  it  much  easier  to  calculate  the  cables 
necessary  for  their  contracts.  Mr.  Kilgour  had  now  become  a  man 
of  afiairs  and  responsibility,  and  it  was  at  great  cost  to  himself  that 
he  worked  out  these  results  into  the  paper  which  would  be  so  impor- 
tant to  sach  of  them  who  were  engagea  in  business.  One  point  to  be 
remarked  upon  was  that  in  the  consideration  of  the  n  wire  system, 
lir.  Kilgour  had  to  start  with  the  assumption  that  the  current  did 
not  vai^  between  the  consumers  or  batches  of  lamps  in  the  dif- 
ferent sides  of  the  system.  That  was  a  point  on  which  we  could 
not  be  at  all  sure.  To  be  certain,  the  three,  four  or  five  wire  system 
would  have  to  be  carried  bodily  into  the  houses,  and  designers  of 
central  stations  could  never  go  to  that  extreme.  They  had,  there- 
fore, to  be  content  in  making  the  section  of  the  return  wire  in  a 
three-wire  system  equal  to  haS  that  of  the  main  leads.  When  the 
cost  of  production  per  unit  by  steam  or  by  water  power  was  spoken 
about,  there  were  two  very  different  elements  in  the  calculation. 
With  steam,  whatever  number  of  units  were  produced  extra,  apnv 
portionate  amount  of  coal  and  oil  had  to  be  oumt  or  used.  With 
water  it  was  totally  difierent ;  they  had  to  deal  simply  with  the  wear 
and  tear  of  machinery,  but  not  with  the  varyine  amount  of  water 
used.  Water  did  not  cost  anything  from  the  point  of  view  of  con- 
sumption. There  were  two  methods  of  pasdng  for  water  power. 
Tbey  might  either  buy  their  water  rights  for  a  lump  sum  down,  or 
pay  a  certain  fixed  annual  rental,  but  in  either  case  the  amount  of 
water  used  up  did  not  affect  the  price  of  consumption*  Another 
point  was  that  in  the  calculation  of  overhead  wires,  depreciation 
should  not  figure  to  anything  like  the  same  amount  as  m  under- 
ground mains.  The  amount  of  depreciation  in  such  cases  should 
be  extremely  small,  because  it  was  not  to  be  expected  that  copper 
itself  would  go  out  of  fashion,  and  it  would  always  be  able  to  be 
realised  at  the  full  value  of  old  metal.  Therefore,  in  plaoes  outside 
the  influencse  of  the  Board  of  Trade,  they  could  deal  with  overhead 
copper  wires  without  having  to  allow  any  very  wide  margin  for 
depreciation. 

Mr.  Gelpel  bore  witness  to  the  probable  usefulness  of  the  paper 
to  electrical  engineers  in  everyday  practice.  He  thought  the  cal- 
culation of  cost  of  mains  should  take  into  consideration  the  time 
conductors  must  be  laid  undeiground  in  many  streets  before  the 
consumers  make  use  of  them.  It  was  often  found  necessary  to  lay 
down  mains  which  would  not  be  used  in  the  full  capacity  for  some 
time  to  oome,  say  five  or  even  10  years.  He  did  not  know  whether 
Mr.  Kilgour  would  include  the  system  intended  at  St.  Pancras, 
where  continuous-current  transformers  were  to  be  used  in  the 
category  of  lighting  on  the  series  system,  inasmuch  as  he  stated 
that  no  practical  use  of  the  series  system  for  eeneral  station  lighting 
has  been  made.  He  (Bir.  Geipel)  had  workea  out  a  table  of  electric 
conductors,  which  appeared  some  six  years  ago,  in  which  the  cost 
of  insulatioa  and  of  fixing  are  taken  into  account  by  expressing 
these  factors  as  a  percentage  on  the  cost  of  the  conductor,  ana 
uniting  this  with  Sir  W.  Thomson's  formula ;  the  percentage 
being,  of  course,  generally  greater  on  small  than  on  large  con- 
ductors, and  varying  with  the  nature  of  the  insulation,  system  of 
layinff,  etc.  He  had  found  this  a  simple  and  oonvenient  method 
of  calculation,  though,  of  course,  it  would  not  be  so  accurate  as 
the  formula  expounded  by  Mr.  KUffour. 

M^.  WtTlnmaaim  considered  tnis  contribution  to  practical 
mathematios  one  d  the  finest  they  had  had,  and  one  the  association 
ought  to  be  proud  of.  There  was  one  thing  he  was  not  clear 
about,  that  was,  it  appeared  as  if  Mr.  Kilgour  had  treated  all  con- 
ductors either  as  laia  on  the  surface  of  the  road  or  as  run  over- 
head, and  they  all  knew  that  often  the  cost  of  laying  exceeded 
that  of  the  main  itself.  Then  again,  he  believed  it  to  be  proved 
that  it  waa  virtually  impossible  to  transmit  power  for  more  than 
five  miles  underground  at  the  maximum  price  of  8d.  of  the  Board  of 
Trade  unit.  Mr.  Baworth  seemed  to  state  tiiat  steam  would  cost 
more  than  water,  but  it  was  evident  that  water  power  was  not  a 
very  cheap  power  if  thev  had  to  lay  down  a  plant  of  turbine  or 
watorwheel,  and  if  used  for  only  four  or  five  hours  a  day  for  light- 
ing. Water  power  only  became  economical  when  used  constantly. 
Then  storage  batteries,  charged  during  the  whole  2i  hours, 
would  be  economical,  even  taking  the  largest  cost  of  depreciation 
or  maintenance  of  cells  into  consideration. 

Mr.  Snail  was  sorry  the  paper  was  not  in  his  hands  a  few  days 
before,  as  it  was  impossible  to  go  into  calculations  of  the  kind 
given  without  consideration,  esp^ially  as  the  symbols  and  formuUd 
were  different  from  those  he  was  in  the  habit  of  using.  If  he  had 
known  the  gist  of  the  paper  beforehand,  he  would  nave  brouj^t 
his  own  curves  and  figures  to  compare  with  those  given  by  Mr. 


Kilgour.  These,  however,  he  hoped  to  publish  shortly,  and  there 
would  be  a  further  opportunity  of  comparison.  The  question  was 
oomplicated  somewhat  by  the  best  pressure  to  be  chosen.  That 
would  often  depend  upon  ciroumstanoes  outside  that  of  oost  of 
mains.  For  instance,  in  collieries  they  had  been  limited  to  600 
to  000  volts  as  their  working  pressure,  as  it  was  found  impossible, 
owing  to  damp,  to  depend  upon  the  insulation  for  higher  pressures. 
He  would  take  an  opportunity  to  ap]^y  the  equations  to  those 
installations  his  company  had  already  oarried  out,  and  see  how 
the  calculations  ^ven  agreed  with  what  had  been  actually  done.  In 
a  case  of  transmission  of  energy  from  water  power  which  had  been 
carried  out  very  successfully  by  his  company  a  short  while  ago 
in  Bohemia,  for  hauling,  pumping,  and  winding,  as  far  as  he  oould 
remember  the  quantities  obtaining  very  closely  approximated  to 
Mr.  Kilgour's  ^ures. 

Kr.  W.  B.  llwion,  the  president,  said  that,  though  one  of  the 
speakers  had  mentioned  tnat  the  oost  of  laying  the  conductors  waa 
not  included  in  Mr.  Kilgour's  figures,  he  presumed  that  in  a  cal* 
oulation  relating  to  actual  work  to  be  oarried  out  the  author  would 
be  careful  that  this  item,  often  a  very  important  one,  was  not 
omitted.  There  seemed  to  be  some  misapprehension  possible 
respecting  Mr.  Baworth's  remark  regarding  the  cost  m  water 
power.  The  fact  was,  that  the  cnarge  made  as  a  water- 
right  was  not  of  the  nature  of  a  cost  which  increased 
proportionally  to  the  power  used.  It  was  a  fixed  charge, 
which  had  to  be  paid  whether  little  or  much  of  the  power 
available  was  utilisea.  But  its  amount,  though  generally  small, 
had,  of  course,  to  be  considered  with  reference  to  the  energy 
utilised  in  the  course  of  the  year.  Prof.  Perrv  had  doubts  as  to 
whether  man^  people  had  understood  the  significance  of  the  paper 
he  had  read  m  conjunction  with  Prof.  Avrton  on  "  Economy  in 
Electrical  Conductors  "  in  1880.  He  coula  not  answer  for  others, 
but  speaking  for  himself  he  (Mr.  Esson)  had  regarded  that  paper 
as  a  ver^  valuable  one  and  most  interesting  to  those  who  had  to 
deal   with   problems   involving   the   electrical   transmission    of 

Eower,  inasmuch  as  for  the  &8t  time  it  dearly  specified  the 
mits  to  the  application  of  Sir  WUliam  Thomson's  well-known  law. 
He  had  appreciated  and  utilised  that  paper,  havinjf  based  his 
working  calculations  upon  the  formulas  and  reasoning  it  contained. 
As  regards  the  particular  problem  of  transmitting  a  certain 
amount  of  power  over  a  given  distance,  the  difference  of  potentials 
at  the  dynamo  bein^  fixra,  he  found  a  graphic  method  of  utilising 
the  formulss  of  Pron.  Ayrton  and  Perry  of  great  value.  Graphic 
treatment,  of  course,  always  appealed  to  engineers.  He  was 
anxious,  however,  to  convince  Prof.  Perry  that  his  valuable  paper 
had  not  romained  without  appreciation,  and  he  had  no  doubt  the 
paper  they  had  heard  to-ni^ht  would  also  form  a  valuable  contri- 
bution to  the  literature  which  dealt  with  transmission  of  power 
problems.  He  would  now  ask  Mr.  Kilgour  to  reply  to  the  various 
criticisms  and  romarks  which  had  been  made. 

Mr.  Xllgonr,  in  roply,  said,  with  roferonce  to  Prof.  Perry's 
remarks,  that  he  had  at  first  intended  to  include  some  other  prob- 
lems, but  had  found  it  impossible  through  want  of  sufficient  time 
to  construct  the  necessary  curves  and  tables.  The  telphera^ 
problem,  for  instance,  would  have  reouired  an  entirely  fresh  series 
of  curves.  He  was  indebted  to  Prof.  Perry  for  his  romarks  as  to 
the  desirability  of  substituting  another  variable  for  t,  as  in  the 
first  problem  aealt  with.  With  roferenoe  to  Mr.  Baworth's  remark 
on  the  three,  four,  and  n  wiro  systems,  he  thought  it  would  not  be 
difficult  to  assign  an  approximate  value  to  m,  but  for  this  the 
character  of  the  load  diagrams  of  the  different  sections  must  be 
known  proviously.  It  was  desirable  to  so  adjust  the  loads  in  the 
different  sections  that  the  value  of  m  should  be  as  small  as  possi- 
ble. To  do  this  properly,  it  was  essential  that  a  careful  canvass 
should  be  made  of  the  district  under  consideration.  The  balancing 
of  cirouits  should  be  done  on  the  mains.  He  Mreed  with  Mr. 
Baworth  that  it  was  at  present  improbable  that  the  three  or  four- 
wire  system  would  be  introduced  into  houses,  but  he  might  mention 
that  a  specification  had  recently  been  sent  out  by  a  town  in 
Germany  in  which  it  was  enacted  that  all  houses,  factories,  eta, 
should  be  wired  on  the  three-wire  system,  so  that  the  balance  is 
maintained  independently  of  adjustment  between  the  mains. 
With  reference  to  Mr.  Baworth's  remark,  there  was  no  doubt 
the  depreciation  taken  was  too  large  in  the  example  given. 
He  had  not  realised  in  making  the  calculations  given  in  the 
paper  that  for  bare  overhead  wires  the  proportion  for  depre- 
ciation might  be  taken  at  so  much  less.  For  insulated  wires 
the  insulation  costs  by  far  the  greater  part,  and  is  often 
four,  five,  or  even  six  times  the  cost  of  the  bare  copper,  and 
in  these  cases  a  high  rate  of  depreciation  must  be  alloweafor.  In 
answer  to  Mr.  Geipel's  question  as  to  the  consideration  of  the  time 
the  mains  were  laid  betore  heing  used,  he  did  not  think  this  was 
so  important  as  might  appear.  Ae  Westminster  Supply  Company, 
who  were  laying  their  mains  on  the  three-wire  system,  made 
provision  for  easy  adjustment  by  drawing  in  one  strip  of 
copper  over  the  other  as  the  demand  increased  and  a 
greater  thickness  of  copper  became  necessary.  With  regard 
to  cost  of  laying,  this  consisted  mostly  in  the  construction 
of  the  conduit,  which  had  to  be  constructed  in  any  case, 
and  the  size  of  the  conduit  in  any  case  would  hardly  be  altered, 
even  if  the  size  of  the  cable  were  altered.  He  might  refer  to  the 
question  of  the  voltage  used,  and  would  say  that  one  consideration 
to  be  taken  into  account  in  the  employment  of  hiffh  voltages  was 
the  decreased  efficiency  of  the  dynamo,  which  would  tend  to  the 
use  of  the  moderate  rates  of  high  voltage.  Thus,  a  dynamo  sup* 
plying  current  at  2,000  volts  was  less  emcient  than  a  dynamo  of 
500  volte,  and,  again,  a  dynamo  of  10,000  volts  was  less  efficient 
than  a  2,000-volt  dynamo. 

A  vote  of  thanks  to  Mr.  Kilgour  for  his  paper  terminated  the 
proceedings. 
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TELEPHONY. 

"  There  is  a  good  deal  of  human  natnr  in  man," 
said  ArtemuB  Ward,  and  so  the  telephone  com- 
panies will  find ;  for  mider  former  management  a 
more  conceited,  autocratic,  stand-offish  body  it  was 
as  difficult  to  find  as  is  the  proverbial  needle  in  the 
rick  of  hay.    Prom  the  first  promotion  of  telephony 
in  this  country  till  the  beginning  of  the  end,  when 
the  time  of  those  managers  was  come,  the  users  of 
telephones  in  London  had  no  resource  but  to  grin 
and   bear   his   troubles.     Complaints  were   pooh- 
poohed.    Suggestions  were  met  with  bland  smiles 
and  incredulous  stares ;  sometimes  with  a  sneering 
query  as  to  what  the  person  making  the  suggestion 
knew  about  it.     Outside  London  could  be  found 
managers  who  knew  their  business  and  studied  their 
customers.      The  time  has  how  come  when   the 
muddle-headed  policy  that  actuated  for  many  years 
the  powers  that  ruled  in  London,  will  be  severely 
tried.  In  our  opinion  the  only  part  of  the  telephonic 
apparatus    that    formed    a    valid    patent  was    the 
receiver,  and  Bell's  patent  for  that  has  now  lapsed. 
The  mere  fact  that   certain  troubles  were  found 
when  experimenting,  could  give  no  prior  claim  what- 
ever to  the  grand  discovery  and  completed  work  of 
Hughes.    The  general  public  as  a  rule  are  slow  to 
recognise  the  worth  of  the  men  who  serve  them  best, 
and  too  ready  to  estimate  at  their  own  amount  the 
value    of    the    men    who    clamour    loudest    and 
boast  the  most.    Prof.    Hughes    made    telephony 
practicable.      Without    his   resesxches   it    was    a 
lame  horse — ^pretty  for  the  laboratory,  but  of  no 
earthly  use  elsewhere.     The  same  may  be  said  of 
Hughes's  microphone  without  Bell's  receiver.    The 
two  combined  give  almost  a  perfect  system,  and 
either  alone  is  of  little  use  without  the  other.    For 
years  telephonic  monopolists  have  been  reaping  the 
pecuniary  reward  that  Hughes  declinedy  and  taking 
the  scientific  credit  that  by  rights  was  his.    A  free 
gift    to  the  world  was  made  subservient  to    the 
avarice   of   company-mongers,  and    a  long   purse 
secured  a  legal  monopoly  for  the  combination  of 
transmitter  and  receiver.    If  those  who  had  thus 
secured  the  monopoly  had  recognised  the  claims  of 
civilised  humanity,  something  might  be  said  for 
them,  but    they    did  not.    The  price  they   have 
seem  fit  to  charge  for  the  use  of  apparatus  badly 
put  up  and  badly  maintained  has  been  exorbitant, 
and  their  terms  almost  an  outrage  upon  business 
principles.    To-day  in  the  metropolis  of  the  world 
there  is  one  telephone,  where,  under  a  liberal  manage- 
ment, there  might  be  a  thousand ;  there  is  one  fidend 
to  those  who  have  controUo^  the  system,  and  a 
hundred  dissatisfied   users.     The  proper  time  to 
open    a    crusade   against    the    present    managers 
has,  perhaps,  not  come  ;  they  have  a  few  months 
more  wherein  to  propitiate  their  customers  and  their 
would-be  customers,  and  it  must  be  admitted  to 
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their  oredit  that  more  has  been  done  in  their  short 
time  of  office  in  this  direction  than  was  done  in  the 
whole  reign  of  the  preceding  regime. 


THE  SOCIBTT  OF  ARTS. 

It  is  cnstomary  in  some  quarters  to  midervalue 
the  work  of  the  Society  of  Arts,  but  it  is  very  probable, 
if  the  truth  could  be  known,  that  it  has  done  excel- 
lent work  in  educating  the  public  to  a  juster  compre- 
hension of  many  advances  in  science  and  in  practice. 
With  regard  to  electrical  matters  the  society  has, 
for  many  years  past,  taken  opportunities  to  bring 
before  its  members  and  others  the  position  of  afiEairs. 
On  Wednesday  last,  pursuing  this  policy,  Mr.  Bailey 
read  a  paper  at  the  ordinary  meeting  on  the  electric 
light  in  London.  As  will  be  seen,  he  brings  the 
information  at  the  command  of  the  general  public 
up  to  date.  From  the  point  of  view  of  those  engaged 
in  the  industry,  however,  the  work  of  the  society  as 
shown  in  the  Cantor  Lectures  will  be  most  appreci- 
ated. Last  session  Prof.  Thompson  gave  a  most  admir- 
able series  of  lectures,  which  are  now  published  in 
pamphlet  form,  and  this  session  Mr.  Eapp  is  to  give 
lectures  upon  a  subject  in  which  he  is  facile 
princqps.  Altogether,  then,  too  much  praise  can 
hardly  be  given  to  a  society  which  shows  so  just  an 
appreciation  of  the  position  of  electrical  engineering, 
and  which  endeavours  to  further  the  cause  by  arrang- 
ing for  such  valuable  papers.  If  we  might  re-echo  a 
suggestion  often  heard,  it  would  be  to  urge  upon  the 
society  the  desirability  of  publishing  the  various 
Cantor  Lectures  as  early  as  possible  after  their 
delivery. 


ELECTRIC  CONSTRUCTION  CORPORATION. 

Elsewhere  will  be  found  a  full  report  of  this  com- 
pany's meeting,  the  balance-sheet  having  been  given 
in  a  previous  issue.  We  do  not  profess  to  under- 
stand the  figures  in  the  balance-sheet  that  refer  to 
the  formation  of  subsidiary  companies,  and  strongly 
recommend  the  attention  of  all  interested  to  the 
remarks  of  the  auditors.  The  shareholders  are,  or 
should  be,  mostly  concerned  with  the  results  of  the 
legitimate  trading  business,  and  here,  as  we  have  all 
along  expected,  the  management  has  obtained 
results  which  on  the  whole  must  be  pronounced 
satisfactory.  The  sales  and  work  done  amount  to 
nearly  a  quarter  of  a  million  sterling,  and  a  fair 
profit  on  this  sum  would  suffice  to  pay  a  fJedx 
dividend  upon  a  capital  which  we  imagine  suffered 
severely  £rom  moneys  paid  for  promotion.  A  10  per 
cent,  net  profit  on  the  sales  and  work  would  just 
pay  a  5  per  cent,  dividend  upon  the  total  capital. 
With  regard  to  subsidiary  companies,  no  doubt  the 
rule  is  for  the  parent  company  to  reap  all  the 
benefit,  and  the  subsidiary  company  to  reap  all  the 
loss.    The  parent  company  takes  cash  and  shares. 


A  part  of  these  probably  go  to  the  promoting  wire- 
pullers ;  but  if  the  parent  company  gets  any  cash,  it 
is  a  tangible  asset,  though  the  shares  turn  out 
valueless.  We  incline  to  the  opinion  that  shares  in 
subsidiary  companies  i^ould  not  appear  as  tangible 
assets  till  such  companies  have  actually  paid  divi** 
dends.  A  thousand  shares  in  a  company  just  floated 
are  not  usually  realisable  securities ;  they  may  be 
speculative  tokens,  that  is  all.  Criticism  against 
company  promotion  was  heard  at  the  meeting,  and 
will  no  doubt  have  its  effect.  Meanwhile,  there  is 
plenty  of  room  to  increase  the  sales  account  from  a 
quarter  to  half  a  million,  and  by  so  doing  the  share- 
holders will  receive  a  largec  dividend,  and  one  earned 
in  a  manner  no  one  can  carp  at  as  unsatisCeictory. 


THE  LONDON  ELECTRIC. 

Messrs.  Mappin  Bros,  write  to  the  Times  con- 
cerning the  unfortunate  position  of  the  supply  by 
this  company.  It  is  useless  to  attempt  to  hide  the 
gravity  of  two  breakdowns,  and  the  more  so  because 
the  electrical  engineer  knows  that  the  misfortune 
has  been  caused  by  circumstances  which  absolutely 
have  no  bearing  on  the  value  of  the  system  adopted. 
The  users  of  the  electric  energy  supplied  by  this 
company  cannot  be  expected  to  make  allowances  for 
a  transition  period,  but  engineers  will  understand 
that  the  tentative  and  temporary  arrangements 
made  to  tide  over  a  time  of  change  are  far  more 
liable  to  go  wrong  than  the  permanent  arrange- 
ments. There  is  no  doubt  the  company  has  had  to 
contend  with  great  difficulties,  and  had  only  to  get 
safely  through  the  troubles  of  change  of  station  to 
put  them  into  a  position  to  really  and  truly  test  the 
system  adopted.  Messrs.  Mappin  quite  correctly 
point  out  that  there  has  been  no  reserve.  There 
could  not  well  be  a  reserve  to  temporary  arrange- 
ments, but  the  permanent  arrangements  contemplate 
such  reserve  and  such  a  system  that  the  supply 
could  hardly  be  completely  cut  off.  .  We  trust  that 
engineers  will  be  more  long-suffering  than  those 
who  at  this  moment  are  depending  on  the  light  but 
cannot  get  it,  and  will  reserve  judgment  upon  the 
whole  system  till  such  time  as  the  system  has  been 
really  tried. 


CORRESPONDENCE. 


ELEOTBIO  CRANES. 
To  THB  Editob  of  THE  Eleotrical  Enoinkbr. 

Sib, — ^In  your  issue  of  28th  ult  appears  a  description 
of  certain  electric  cranes.  It  would  be  of  interest  to  know 
definitely  of  what  form  these  are — whether  overhead 
travelling,  fixed,  or  portable.  I  notice  the  engineer  makes 
a  merit  of  what  I  and  others  who  have  made  a  study  of 
the  subject  consider  to  be  a  great  disadvantage — ^viz.,  the 
reversing  of  the  motor  to  lower  the  load. 

This  reversing  motion  is,  under  any  circumstances,  a  bad 
feature,  and  the  gearing  of  the  motor  direct  to  toothed 
wheels  can  only  result  in  the  eventual  destruction  of  the 
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armatures.  The  arrangement,  no  doubty  greatly  simplifies 
the  difficulties  in  the  way  of  the  application  of  electricity 
to  cranes,  but  the  effect  will  be  to  retard  the  progress  of 
the  improved  motive  power. 

1  have  studied  carefully  all  the  latest  and  best  American 
practice,  and  am  myself  building  overhead  cranes  for  the 
same  power,  and  am  strongly  impressed  with  the  fact  that 
the  motor  should  be  run  continuously,  as  far  as  possible, 
and,  in  any  case,  in  one  direction. 

Mr.  Sandwell  is  stated  to  be  able  to  supply  a  two-ton 
crane,  with  motor  and  dynamo,  for  £100.  This  I  fail  to 
understand,  if  a  proper  sized  motor  be  applied.  If  the  load 
is  to  be  lifted  at  usual  rate,  at  least  7  h.p.  will  be  required 
from  the  motor,  and  say  8  from  the  dynamo.  Assuming 
the  crane  to  be  even  a  simple  fixed  wharf  pattern,  this 
brings  the  proper  cost  to  a  greater  figure. 

It  is  only  right  the  public  should  not  be  misled  on  these 
points.  Nothing  can  be  gained  by  misimderstanding  the 
features  of  electrical  gearing  of  cranes,  and  the  merits 
of  handiness,  quietude,  and  deanliness  are  quite  sufficient 
to  procure  its  adoption,  without  injuring  its  prospects  by 
doubtful  applications  to  cheap  work. 

I  regret  to  sav  that  among  electricians  great  ignorance 
prevails  on  the  duties  of  hoisting  machinery,  and  vice  versd 
among  crane  builders. 

I  fear  the  last  transformation  of  the  cranes  you  describe 
may  prove  less  satisfactory  than  "  seems  to  be  expected," 
and  will  explain  why. 

If  the  power  used  for  these  cranes  is,  as  given,  6  h.p.,  and 
they  are  **  of  more  or  less  modern  type,"  then  there  is  not 
quite  current*  enough  to  work  one  crane  at  usual  speed. 
The  power  for  the  12-ton  derrick  alone  should  be  nearly 
double  this  to  work  properly. 

It  is  not  safe  to  assume,  as  has  been  done  here,  and  to 
my  knowledge  elsewhere,  that  only  one  or  at  most  two 
cranes  will  ever  be  at  work  lifting  at  one  given  period.  If 
the  cranes  are  in  regular  and  rapid  work,  two-thirds  of  the 
total  power  is  the  proper  figure. 

There  is  nothing  to  be  gained  to  the  cause  we  have  at 
heart  by  disparaging  unduly  the  opposing  force,  steam. 

Here  a  figure  is  given  of  £5  for  fuel  alone.  I  assume 
this  is  for  the  cranes  now  fitted  with  electric  gear,  and  is 
excessive. 

I  have  a  two-ton  steam  crane  on  the  River  Thames, 
which  is  in  constant  work  unloading  mud  barges,  45  to  50 
full  lifts  of  35ft.  per  hour,  which  is  not  costing  more  than 
6s.  per  dav  for  fuel  and  labour,  in  this  case  being  driven  by 
a  boy.  Tnere  are  scores  of  steam  cranes  doing  heavy  work 
here,  costing  no  more  than  9s.  to  10s.  per  day,  including 
man's  labour. 

As  a  sample  of  the  inaccuracies  common  among  state- 
ments on  this  subject,  I  may  say  I  have  seen  an  offer  of  a 
H-ton  electrical  wharf  crane  to  make  30  lifts  per  minute. 
This  may  have  been  intended  for  "  per  hour,"  if  so,  it  was 
equally  wrong  the  other  way,  and  in  any  case  such  inaccu- 
racv  on  a  new  application  of  this  interesting  motive  force 
is  deeply  to  be  regretted. 

The  whole  question  requires  the  most  careful  study  from 
two  points  of  view,  that  of  the  motor  and  that  of  the  crane; 
and  loose  work  at  this  early  period  will  only  have  the 
result  of  deterring  the  public  from  the  use  of  the  electric 
crane.— Yours,  etc.,  Reginald  Bolton. 

110,  Leadenhall-street,  E.C. 


COST  OF  PRODUCING  ELECTRICAL  ENERGY, 
To  THE  Editor  op  the  Electrical  Engineer, 

Sir, — In  your  issue  of  Dec.  5th  a  letter  appears  from 
Mr,  Charles  H.  Yeaman  containing  certain  statements  which,  in 
the  interest  of  the  electrical  industry,  should  be  discussed, 

Mr.  Yeaman  says,  "  It  is  an  open  secret  nowadays  that 
the  cost  of  producing  electrical  energy  runs  somewhat  about 
the  equivalent  of  gas  at  4s.  to  4s.  3d.  per  1,000  cubic  feet." 

During  the  last  few  months  I  have  obtained  statements 
from  several  large  users  of  the  electric  light  amongst  the 
mill  owners  of  Lancashire,  showing  the  exact  cost  to  them 
over  various  periods  of  time  of  their  installations,  with  the 
result  that  after  allowing  amply  for  depreciation  and  interest 
on  capita],  the  average  cost  of  the  light  comes  out  at  less 
than  gas  at  28. 6d.  per  1,000  cubic  feet.  A  typical  statement 


of  this  kind  drawn  up  bv  the  engineer  to  Messrs.  Horrocks, 
Crewdson,  and  Co.,  the  large  mill  owners,  of  Bolton,  refer- 
ring to  an  installation  which  has  been  under  my  own 
observation,  appeared  in  the  Eledrical  Review  of  Sept.  19, 
1890 ;  a  copy  of  this  I  enclose. 

It  appears  that  Mr.  Yeaman  is  basing  his  statement  either 
on  the  results  obtained  in  small  private  houses  or  other 
installations  where  necessarily  the  expenses  are  heavy,  or 
on  central  stations  which  have  not  reached  anything  near 
their  full  capacity,  and  consequently  are  not  running 
economically. 

In  comparing  the  cost  of  gas  with  electricity  many  fall 
into  the  error  of  taking  five  cubic  feet  of  gas  as  equal  to 
16  c.p.  Although  this  would  be  true  if  only  standard 
London  argand  burners  were  used,  as  a  matter  of  fact, 
these  burners  are  not  usually  found  convenient,  and  from 
those  generally  in  use  not  one-half  this  efficiency  is 
obtainable. 

Referring  to  the  life  of  incandescent  lamps,  Mr.  Yeaman 
states  "It  has  been  found  on  English  central  station 
circuits  that  500  to  600  hours  is  the  most  that  can  be 
reckoned  upon  where  anything  hke  an  attempt  is  made  to 
incandesce  the  lamps  to  give  16  c.p.  at  about  3*5  watts 
per  cp." 

If  this  is  the  case  (it  is  not  with  the  only  central  station 
of  which  I  have  personal  experience)  it  speaks  very  badly 
either  for  the  careful  running  of  the  stations,  for  the 
system  they  are  emplojdng,  or  for  the  proportioning  of 
their  mains,  as  we  find  from  a  large  experience  in  the  lamp 
trade  in  this  district  that  1,200  hours  is  nearer  the  actual 
life  of  the  lamps  when  runnii^  at  full  candle-power. — 
Yours,  etc.  W.  P.  James  Fawoub, 

Managing  Director  Manchester  Edison-Swan 
Manchester,  Dec.  9,  1890.  Company. 

[enclosure.] 
Tfu  Rdative  Cost  of  Oas  and  EledricUy  in  Cotton  MtUs. 

When  it  is  attempted  to  draw  comparisons  between  gas 
and  electricity  and  their  relative  cost,  it  is  not  unusual  to 
estinjate  the  former  by  simply  referring  to  the  actual  cost 
of  the  gas  consumed  as  registered  by  the  meter,  whilst  the 
cost  of  an  electric  light  is  obtained  after  every  possible 
charge  has  been  put  down  to  its  account.  Such  a  result 
not  unfrequently  places  the  electric  light  at  a  serious  dis- 
advantage from  the  economical  point  of  view. 

But  an  estimate  of  this  character  is  far  too  one-sided  to 
give  a  true  statement  of  the  case.  Those  who  are 
interested  in  the  electrical  industry  do  not  object  in  the 
least  to  have  the  electric  light  properly  debited  with  all 
the  incidental  and  necessary  items,  but  they  do  naturally 
object  that,  on  the  gas  side,  all  the  incidental  items — save 
that  of  actual  consumption — should  be  omitted.  Neither 
is  it  fair  altogether  to  omit  from  these  calculations  the 
relative  benefits  or  otherwise  derived  from  the  use  of  the 
two  illuminants. 

As  we  have  remarked,  an  electric  light  installation  is 
debited  with  all  its  charges  to  the  capital  account,  and  in 
its  maintenance  not  only  is  the  depreciation  of  the  plant 
considered,  but  every  item  due  to  repairs,  wages,  etc.,  is 
fully  considered  and  provided  for. 

On  the  gas  side,  however,  no  such  items  are  usually 
taken  into  account ;  but,  dealing  with  the  gas  question  in 
a  large  mill  or  manufactory,  there  are  a  number  of 
expenses  necessarily  entailed,  which  should  certainly  be 
taken  into  account  when  a  perfectly  true  and  reliable  com* 
parison  is  desired,  for  insta.nce,  the  installation  of  a  gas 
plant  of  1,000  or  more  lights  into  a  large  mill  entails  the 
expenditure  of  a  considerable  amount  of  capital,  although 
it  is  known  that  a  gas  plant  can  be  put  in  at  the  present 
time  for  a  very  small  sum. 

There  are,  however,  many  mills  where  the  capital  ex- 
pended upon  the  gas  installation  has  cost  20s.  per  light, 
whilst  at  the  present  time  they  can  be  installed  for  as  low 
as  5s.  or  6s.  per  jet.  Still,  thu  requires  some  capital,  and, 
necessarily,  shoiild  be  subject  to  some  charge  for  deprecia- 
tion. The  lighting  up  of  a  large  mill,  and  the  extinguish- 
ing of  these  lights,  requires  a  considerable  amount  of 
labour  and  time.  The  value  of  wages  taken  up  per  annum 
in  this  alone  is  a  serious  item,  but  it  does  not  count.  It 
will  be  found  that  where  there  are  a  large  number  of 
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lights  in  use  there  is  almost  always  a  "  gasman  "  employed 
in  looking  after  the  fittings,  and  keeping  everything  in 
proper  repair ;  but  his  wages  are  not  counted,  nor  are  the 
various  items  which  usually  come  under  the  head  of  repairs, 
for  it  is  impossible  to  conceive  that  gas-pipes  and  fixtures 
are  not  out  of  order.  Where  the  relative  charges  are 
properly  considered,  a  more  reliable  estimate  can  therefore 
be  obtained.  But  there  are  circumstances  which  prevent 
such  a  comparison  from  being  made.  This  is  owing  to  the 
fact  that  it  is  verjr  rare  for  the  cost  of  the  maintenance  of 
an  electric  light  installation  to  be  kept.  We  are  aware, 
however,  of  several  cases  where  this  has  been  done,  and  we 
have  the  following  statement  presented  to  us  for  publica- 
tion, which  gives  the  information  in  a  comparative  form, 
prepared  by  the  proprietors  of  some  very  large  mills  in  the 
neighbourhood  of  Manchester.  These  resmts  give  the 
ralative  cost  of  gas  and  electricity  for  a  period  of  six  years, 
taken  from  the  actual  working  experiences  of  one  of  the 
company's  mills  at  Mosesgate,  near  Bolton.  The  statement 
is  given  exactly  as  handed  to  us : 

HoBBooKs,  Cbxwdson,  AND  Co.,  LnnTSD,  Boi/roN. 

Oat  V.  EUctrieUy  at  Mousgait  Six  Ttart  to  Slit  December,  1889. 

826  gas  lights,  coet  of  piping,  meter,  etc £215    2  2 

Dej^edation  at  6  per  cent,  per  annum,  six  years  s= 

£73.  12b.  lid.,  or  per  annum  12    5  6 

Average  gas  account  per  annum 217  11  3 

Total  826/ £229  16    9 

Goat  of  gas  per  light  per  annum £0    5    6} 

Electric  installation  (263  hunps)  coat,  including  gear- 
ing, belting,  etc.  £410  17    9 

Depreciation  at  7i  per  cent,  per  annum,  six  years 153  10    1 

Renewal  of  lamps,  repairs,  etc 101  11    4 

(Power,  estimated  at  30  i.h.p.,  at  £5 =£150.) 

Depreciation  on  £150  for  six  years  at  5  per  cent,  per 
annum    39  14    4 

Coal  at  [3*71b.  per  i.h.p.  per  hour   (275   hours  per 
annum)  for  six  years  at  6b.  per  ton    22    2    0 

6/  £316  17    9 

Coet  per  annum  ....263/      52  16    3i 

Cost  per  lamp  per  annum    0    4    0^ 

Cost  per  light  per  annum— gas,  58.  6id. ;  electricity,  4s.  0^. 
Gtm  costs  38*34  per  cent,  more  per  light,  and  (as  one  electric  light 
displaced  two  eas  lights  in  weaving-shed)  gas  costs  176*68  per 
cent,  more  per  loom. 

It  will  be  observed  that  in  the  foregoing  statement  the 
gas  account  is  simply  debited  with  the  average  gas  con- 
sumption and  depreciation  charge  of  5  per  cent,  upon  the 
original  cost,  nothing  being  allowed  for  repairs  and  such 
other  charges  as  we  have  previously  mentioned. 

The  account  for  the  electric  installation  of  263  lights 
includes  dynamo  and  everything  that  is  necessary  to  a  com- 
plete plant.  The  work  in  this  case  was  satisfactorily  done 
by  the  Manchester  Edison-Swan  Company,  Limited,  and  it 
is  gratifying  to  notice  here  that  throughout  the  six  years 
the  working  has  been  of  a  satisfactory  character.  The 
charge  for  depreciation  is  7^  per  cent.,  or  one-half  more 
than  in  tho  case  of  gas.  The  power  of  the  steam  engine  is 
estimated  at  30  i.h.p.,  that  being  the  proportion  of  driv- 
ing the  dvnamo.  Tests  subsequently  made  showed  that 
the  actual  i.h.p.  utilised  was  only  27  h.p.,  and  at  this 
figure  the  coal  consumption  has  been  calculated.  The  item 
for  repairs,  etc.,  includes  the  cost  of  oil  and  sundries, 
besides  lamp  renewals.  It  will  therefore  be  seen  that  full 
charges  has  been  debited  to  the  electric  light  account.  It 
may  probably  be  remarked  that  no  charge  has  been  made 
on  account  of  wages,  but  as  the  engineer  in  charge  of  the 
engines  has  done  this  small  amount  of  work  as  part  of  his 
ordinary  duty,  no  charge  has  been  made,  for  no  extra  expense 
has  been  incurred.  Under  these  circumstances  the  electric 
light  shows  a  very  distinct  economy  over  gas,  and  it  must 
be  acknowledged  that,  in  the  case  of  a  weaving-shed, 
the  result  is  very  remarkable.  The  present  is  a  case 
where  the  mill  engines  have  had  their  surplus  power 
utilised  in  favour  of  the  electric  light  installation,  a  case 
by  no  means  unusual,  and  one  which  would  undoubtedly 
be  more  frequently  adopted  if  mill  owners  were  more  alive 
to  this  fact.  In  a  very  large  number  of  instances  the 
power  required  for  the  electric  light  has  been  in  excess  of 
that  which  could  possibly  be  obtained  from  the  mill  engine, 
and  an  independent  engine  has  been  provided;  and  in 
other  instances  it  has  been  considered  advisable  to  have  the 


power  for  the  electric  light  quite  independent  In  these 
circumstances,  again,  an  economy  in  the  use  of  the  electric 
light  has  been  proved,  and  in  a  succeeding  number  we  pro- 
pose to  give  some  details  of  the  cost  of  working,  with  the 
additional  charge  of  independent  engines. 


ELECTROLYTIC   BLEACHING. 

Mr.  Andreoli  writes,  and  to  a  certain  extent  justly,  com- 
plaining of  our  terminatii^  this  discussion  without  allow- 
ing him  a  reply  to  Mr.  Watt.  Mr.  Andreoli  contends  that 
Mr.  Watt  has  not  proved  his  case,  and  that  "  in  spite  of 
his  long  letter,  Mr.  Watt  did  not  prove  that  his  brother's 
patent  was  not  posterior  to  those  mentioned  "  by  Mr. 
Andreoli.  He  contends  also  that  the  main  facts  he  put 
forward  are  unanswered,  and  it  is  an  error  to  say  that  since 
1851  all  who  have  worked  in  this  direction  are  copying 
Mr.  Watt 

No  amount  of  discussion  in  technical  papers  will  con- 
vince these  antagonists,  that  is  simply  the  reason  why  we 
cannot  fill  up  our  columns  with  such  a  discussion.  Those 
who  have  patents  will  swear  the  patents  are  valid ;  those 
who  want  to  use  the  process  will  try  to  use  it  in  spite  of 
current  patents.  Result,  lawsuits  and  leeil  decisions. 
Nothing  else  will  be  accepted  as  final. — [Ed.  E,  E,] 


ELECTRIC  LIGHTING  PROGRESS  IN  LONDON.* 

BY  F.  BAZLBT,  ▲.H.I.O.B. 

The  last  paper  <hi  electric  lighting  read  before  the  society  was 
by  Mr.  R.  E.  B.  Crompton,  in  1888,  when  he  placed  before  you 
some  of  the  difficulties  and  obstacles  which  were  retarding  the 
progress  of  electric  lighting.  The  rapid  progress  made  within 
the  last  18  months  will,  however,  show  uiat  these  difficulties 
have,  to  a  great  extent,  been  removed  by  a  number  of  supply 
comj^nies  having  obtained  parliamentary  powers  to  lay  mams 
within  certain  specified  areas  into  whidi  London  has  been 
divided.  I  propose,  therefore,  to  place  before  you,  in  general 
terms  the  work  done  and  in  progress  by  the  various  companies, 
as  the  time  at  my  disposal  will  not  permit  me  to  give  minute 
details  of  generating  stations  and  systems. 

Although  the  development  of  electric  lighting  has  been  so 
rapid  within  the  last  10  years,  it  must  not  be  forgotten  that  the 
arc  light  was  shown  at  the  Royal  Institution  in  1809,  and 
remained  a  scientific  curiosity  until  1848,  when  Staite  gave  a 
public  exhibition  of  his  arc  lampf rom  the  portico  of  the  National 
Galleiy  in  Trafalgar-square.  The  lUiutrated  London  NewB  of 
that  time  gives  a  drawing  of  the  scene,  with  the  following 
remarks :  **  The  electric  light  possesses  no  novelty.  Tear  after 
vear  it  has  been  exhibited  at  every  course  of  philosophical 
lectures  since  the  time  of  Sir  Humphrey  Davy,  and,  therefore, 
really  its  practicability  forms  the  whole  subject  for  consideration. " 
The  electrical  energy  for  this  light  was  obtained  from  a  primary 
battery ;  and  it  is  probable  that  the  practicability  of  this  method 
of  obtaining  light  will  continue  to  remain  a  subject  for  remote 
consideration.  At  this  time,  the  seed  sown  by  Faraday's  dis- 
covery, in  1831,  of  electromsffnetio  induction,  had  fallen  on 
fruitful  soil ;  and  the  wonderful  dynamos  of  to-day  form  a  suit- 
able monument  to  his  genius. 

Tou  will  see,  therefore,  that  electric  lighting  commenced  its 
career  in  London,  and-  London  ought,  therefore,  to  show  the 
greatest  progress.  The  inoandosoeut  lamp,  in  some  form  or 
another,  is  mentioned  almost  yearly  from  1836  onwards,  and  I 
propose  to  at  once  jump  to  the  period  when  Swan  in  England 
and  Edison  in  America  brought  out  the  present  form  of  lamp. 

Through  the  kindness  of  Mr.  J.  W.  Swan  I  have  the  honour 
to  show  you  the  first  lamp  he  made.  It  is  to  be  hoped  that  this 
lamp  will  eventually  come  under  the  care  of  one  of  our  great 
museums,  in  order  that  future  ages  may  recognise  the  genius  of 
Mr.  Swan. 

I  have  also  to  thank  Mr.  Sydney  Morse  for  the  loan  of  another 
valuable  historical  lamp,  this  being  the  first  lamp  constructed 
by  Edison. 

Time  does  not  permit  me  to  trace  the  history  of  the  incandes- 
cent lamp,  or  the  extraordinary  development  of  its  manufacture. 
Nothing  could  have  been  done  practically  without  the  mercury 
pump,  and  we  ought,  therefore,  to  place  the  inventor,  Dr. 
Sprengel,  in  a  high  position  on  our  records  of  pioneers. 

Turning  to  the  record  of  general  distribution  of  the  electric 
light  in  London,  you  all  know  that  practioslly  nothing  was  done 
under  the  Act  of  1882,  but  private  enterprise  provided  fields  for 
encouraging  the  efforts  of  the  electrical  engineer,  and  foremost 
amongst  these  must  be  mentioned  the  Grosvenor  Gallery  station, 
which  did  such  good  service  in  making  the  capabilities  of  the 
light   known,    and   in  proving   the  absolute   necessity  that 

*  Paper  read  before  the  Society  of  Arts  on  Wednesday,  Dec.  10, 
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existed  for  it ;  for  however  def eotiTO  the  supply  may  have 
been  towards  the-  close  of  the  ezistenoe  of  the  station 
(owing  to  the  plant  being  overloaded),  we  owe  a  debt  of 
gratitade  to  liord  Crawford  for  his  eneigetio  suj^rt  to 
this  enterprise,  and  to  those  who  worked  so  hard  to  brins 
it  to  perfection.  Mr.  Ferranti,  and  those  who  had  worked 
with  mm  at  the  Grosvenor,  laid  the  foundation-stone  of  a  satis- 
factory transformer  system,  and  as  the^r  had  no  parliamentary 
powers  to  lay  down  undeiground  mains,  overhead  lines  were 
ran  in  all  directions.  The  x>erfection  to  which  they  brought 
the  details  of  overhead  construction  is  so  f uUy  proved  by  the 
absence  of  accidents  that  it  is  much  to  be  regretted  that  the 
overhead  conductors  in  the  United  States  were  allowed  to  have 
been  put  up  with  no  regard  to  common-sense  or  safety. 

It  is  frequently  stated  that  the  Electric  Lighting  Act  of  1882 
did  much  towards  stifling  inordinate  speculation,  but  in  attempt- 
ing to  make  people  wise  by  this  Act  of  Parliament,  a  very 
serious  check  was  placed  upon  the  development  of  electricid 
progress. 

The  enormous  strides  which  have  been  made  under  the  more 
encouraging  Electric  Lighting  Act  of  1888  will  convince  every- 
one that  it  was  urgently  rec^mred,  and  electrical  engineers  iuSj 
realise  what  they  owe  to  Sir  Frederick  Bramwell  for  his  share 
in  framing  this  Act.  One  of  the  consequences  of  this  Act  was 
a  deluge  of  applications  for  provisional  orders.  A  court  of 
enquiry  was  therefore  ordered  by  the  Board  of  Trade,  who 
appointed  Ifaior  Marindin  as  their  inspector  for  thii  purpose. 

If  you  carefully  read  the  18  days'  evidence  given,  you  will 
probably  be  convinced  that  every  svstem  was  the  best.  The 
enquiry  lasted  several  days,  and  resulted  in  the  granting  ofpro- 
viuonid  orders,  confirmed  by  Parliament  in  August,  1880,  to 
the  companies  mentioned  in  the  summary  at  the  end  of  paper, 
which  also  includes  other  information. 

I  must  here  gratefully  acknowledge  the  very  cordial  assist- 
ance which  the  engineers  of  the  various  companies  have 
given  me. 

We  will  now  very  briefly  go  round  the  stations  of  the 
companies,  commencing  with 

Tbb    EjDtanroTOK    and    Eniohtsbbidos    Elbctbic     Light 

Company. 

This  compainr  commenced  work  under  the  name  of  the  Ken- 
sington Court  Electric  Light  Company  in  the  autumn  of  1886,  and 
under  Bfr.  Crompton's  able  guidance  made  such  lapidprogress 
that  they  commenced  to  supply  current  in  January,  1897,  using 
underground  mains  and  running  their  plant  in  a  temporary 
building.  The  Board  of  Trade  ucense  under  which  the  work 
commenced,  being  incorporated  in  che  company's  provisional 
order  of  1889,  which  authorises  them  to  supply  a  portion  of  the 
parish  of  Kensington,  St.  Mary  Abbott,  and  the  detached  por^ 
tion  of  the  parish  of  St.  Margaret,  Westminster. 

The  direct  current  ii  employed  in  conjunction  with  "Howell " 
secondary  batteries,  the  pressure  being  200  volts  on  the  three- 
system,  with  100  volts  in  the  houses. 

The  batteries  are  charged  at  any  convenient  time  when  the 
engines  have  power  to  spare,  and  not  only  act  as  a  sponge,  which 
can  be  iqueezed  when  the  engine  plant  reNq^uires  assistance,  but 
also  acts  as  re^^ulators,  as  wellas  maintaining  the  supply  during 
the  hours  of  minimum  demand.  The  satisfactory  use  of  secondary 
batteries  in  this  manner  has  attained  its  present  development 
mainly  through  the  indefatigable  labonrs  of  Mr.  J.  C.  HoweU. 

Two  generatingstations  are  erected,  one  at  Kensington-court 
and  the  other  at  Chapel-place,  Knightsbridge,  the  plant  consist- 
ing of  Babcock  and  Wilcox  boilers  and  exhaust  steam  feed 
water  heaters,  Willans  compound  engines,  combined  direct  with 
Crompton  dynamos  and  Howell  Mtteries  in  both  stations. 
There  is  also  a  battery  station  situated  near  the  centre  of  the 
Kensington  district  at  Queen Vterrace-mews,  where  two  large 
Howell  batteries  are  placed.  In  all  cases  ample  space  is  pro- 
vided for  the  future  extension  of  the  plant  when  required. 
ArranffcmentB  are  provided  on  the  Kensjngton-court  station 
switchboards  to  enable  any  dvnamo  to  be  used  for  charging  the 
distant  battery  station,  to  which  a  pair  of  charging  mains  are 
laid.  Mr.  Chrompton  sJso  designed  for  this  company  a  system  of 
mains  of  considerable  novelty,  and  which  was  severely 
criticised  at  the  time,  but  has  since  proved  most  satisfactory. 

Culverts  constructed  with  concrete  or  brickwork  are  laid 
under  the  pavements,  and  bare  copper  conductors,  supported  at 
intervals  by  glass  insulators,  are  ptaoed  in  these  culverts.  The 
conductors  are  composed  of  copper  strips  lin.  by  i^in.,  laid  one 
over  the  other,  so  as  to  make  up  the  total  section  required.  In 
cases  where  there  is  no  room  under  the  pavement  in  which  to 
build  up  the  culvert,  wroueht-iron  gas  tubing  is  used,  and 
cables  insulated  with  thick  vmcanised  rubber  are  drawn  through 
and  connected  to  the  bare  conductors.  Numerous  service- 
boxes  are  fixed  in  the  pavements  to  enable  houses  to  be  con- 
nected without  opening  the  ground.  Four  and  a-half  miles  of 
pipes  with  cables  have  been  laid.  The  general  route  of  the 
mains  is  indicated  on  the  map. 

On  December  1  lamps  wen  connected  to  an  equivalent  of 
24,850  32 -watt  kmps,  and  Mr.  H.  W.  Miller,  the 
company's  engineer,  to  whom  I  am  indebted  for  these  particu- 


lars, informs  me  that  the  lamp  supply,  or  maximum  number  of 
lamps  in  use  at  one  moment,  is  between  30-40  per  cent,  of  the 
lamp  cormection. 

Thx  Houbb-to-Housb  EuserBic  Light  Supplt  Cohpakt. 

This  company,  as  you  see  on  the  map,  covers  a  large  area,  which 
consists  of  two  detached  districts,  practically  North  Kensington 
and  West  Brompton.  The  generating  station  is  situated  off  the 
Richmond-road,  West  Brompton,  and  contains  space  for  a  vety 
lam  plant. 

The  Lowrie-Hall  sltemating-curTent  transformer  system  is 
adopted,  with  2,000  volts  on  the  mains.  Four  principal  mains 
at  present  carry  the  current  from  the  station,  the  tnnsfonnera 
being  connected  to  these  mains  where  required.  Cast-iron 
pipes  are  laid  to  form  a  conduit  into  which  vulcanised  india- 
rubber  Silvertown  cables  are  drawn  ;  suitable  nianh<des,  covers, 
and  junction-boxes  being  provided. 

At  present  the  demand  for  light  is  sumdied  from  a  plant  con- 
sisting of  three  Babcock  and  Wilcox  bouers,  woridng  at  ISOlb. 
per  aquare  inch.  Three  Fowler  compound  horizontid  engines, 
each  of  200  i.h.p.  Three  Lowrie-Hall  alternators,  each  of  100 
units,  2,000  volts.  ^  Three  Elwell-Parker  exciters,  each  of  three 
units. 

The  engines  work  at  a  speed  of  88  revolutions  per  minute, 
each  engine  driving  one  alternator  by  seven  cotton  ropes,  the 
exciter  for  each  alternator  being  driven  by  cotton  ropes  from 
the  alternator  pulley. 

The  Lowrie-Hall  preisnre  regulator  and  recording  inatrti- 
ments  are  also  used.  Mr.  Hau,  the  company's  manager,  has 
kindly  ^ven  me  this  information,  and  states  that  on  their  lamp 
connections,  equivalent  to  12,806  lamps  of  8  c.p.,  the  maximum 
lamp  supply  is  equivalent  to  5,430  lamps  of  8  c.p. — say,  42  per 

^^^'  {To  he  cantinwd.) 
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{Oontmuid  from  page  508,) 

POSTTIOK  AKD  FoRM  OV  AHMATURK. 

In  one  of  Du  MoncerB  papers  on  electromagnets  you  will  also  find 
a  discussion  on  armatures,  and  the  best  mrms  for  working  in 
different  positions.  Amongst  other  things  in  Du  Monoel  yon  will 
find  this  paradox  ;  that  whereas  using  a  horseshoe  msgnet  wiUi 
flat  poles  and  a  flat  piece  of  soft  iron  for  armature,  it  sticks  on 
far  tighter  when  put  on  edgeways ;  on  the  other  hand,  if  yon  are 
cooing  to  work  at  a  distance,  across  air,  the  attraction  is  far 
greater  when  it  is  set  flatways.  I  explained  the  advantage  of 
narrowing  the  surfaces  by  contact  by  the  law  of  trsotion,  B' 
coming  in.     Why  should  we  have  for  an  action  at  a  distanoe  the 

f  raster  advantage  from  placing  the  armature  flatway  to  the  polea? 
t  is  simply  that  you  thereby  reduce  the  reluctance  offered  by  the 
air  sap  to  the  flow  of  the  magnetic  lines.  Du  Moncel  also  tried 
the  aifferenoe  between  round  armatures  and  flat  ones,  and  found 
that  a  oylindrical  armature  was  only  attracted  about  half  as 
strongly  ss  a  prismatic  armature,  having  the  same  surface  when 
at  the  same  distance.  Let  us  examine  this  fact  in  the  light  of  the 
magnetic  circuit.  The  poles  are  flat.  You  have  at  a  certain  dis- 
tance away  a  round  armature ;  there  is  a  certain  distanoe  between 
its  nearest  side  and  the  polar  surfaces.  If  you  have  at  the  ssme 
distance  awav  a  flat  armature  having  the  same  surface,  and,  there- 
fore, about  tne  same  tendency  to  IsiSk,  why  do  you  |(et  a  greater 
pull  in  this  case  than  in  that?  I  think  it  is  clear  that  if  they  are  at 
the  same  distance  away,  givlne  the  same  range  of  motion,  there  is 
a  greater  magnetic  reluctance  in  the  case  of  the  round  annatnre^ 
alUiough  there  is  the  same  periphery,  because  though  the  nsarest 
part  of  the  surface  is  at  the  prescribed  distance,  toe  rest  of  the 
under  surfsce  is  farther  away ;  so  that  the  |^dn  found  in  substi- 
tuting an  armature  with  a  flat  surface  is  a  gain  resulting  frsm  the 
diminution  in  the  resistance  offered  by  the  air  gapi 

POLX-PUOBS  ON  HOBSESUOB  MAOVm, 

Another  of  Du  Moncel's  researches  relates  to  the  effect  of  polar 
projections  or  shoes^movable  pde-pieces,  if  you  Uke — ^upon  a 
norseshoe  electromsgnet.  The  core  ox  this  magnet  was  of  round 
iron  four  centimetres  in  diameter,  and  the  parallei  limbs  wero  10 
centimetres  long  and  six  centimeties  apart.  The  shoes  consisted 
of  two  flat  pieces  of  iron  slotted  out  ai  one  end,  so  that  they 
could  be  slid  along  over  the  poles  and  brought  nearer  together. 
Tlie  attraction  exerted  on  a  flat  armaturo  across  air  gaps  two 
millimetres  thick  was  measured  by  counterpoising,  exciting 
thb  electromsgnet  with  a  certain  battery,  it  was  foimd  that  the 
attraction  was  greatest  when  the  shoes  wero  poshed  to  about  15 
millimetres,  or  about  one-quarter  of  the  interpolar  distance,  ^park 
The  numbers  wero  as  follows : 

Distance  between  ehoes.  Attraction, 

Millimetres.  in 

2 ^  900 

10      1,012 

16      1,025 

25      965 

40      890 

00      

*  Cantor  lectures,  delivered  before  the  Society  of  Arts. 
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With  ft  strongw  bstterf  the  magnst  without  ahoM  had  ma 
UUaction  of  S^  gnmmea,  bat  with  the  ahoea  16  milliraetrM 
kpart,  1,195  Enunmea.  When  one  pole  only  w»b  employed  the 
attraction,  which  was  B8  grammea  wtthont  a  iboe,  WKsaiminiahed 
by  adding  a  ahoe  to  39  Kramniea. 
Contrast  betwbbn  Eleotrouaqmbts  aud  Perhakint  Maonktb. 

Now  I  want  particularly  to  a«k  yon  to  gnaid  against  the  idea 
Chat  all  theae  reaulta  obUined  from  elecb«mi^netB  are  equally 
applicable  to  pertnAnent  magnets  of  ateel :  they  are  not,  for  thu 
simple  leaaon.  With  on  electromagnet,  when  yon  pnt  the  armv 
tare  near,  and  make  the  magoettc  circnit  better,  yon  aot  only 
get  more  magnetic  linea  going  tbroogb  that  annature,  but 
yoB  get  more  magnetic  lines  going  through  the  whole  of  the 
(too.  Yon  get  mora  miwoetio  linea  round  the  bend  when  yon 
fMt  an  anoatore  oo  to  the  polaa,  becaoae  yoo  have  a  magnetic 
ciroult  oi   leas   reluctance,  with  the  same  external  magnetiainfr 

Carintlieooilaaotingaroundit.  Therefore,  in  that  ease,  yon  wiu 
I  a  Kreat«i  magnetic  fius  all  the  way  roand.  The  data  obtained 
with  the  eleotroDupiet,  Fig.  43,  with  the  exploring  coil,  c,  oo  the 
bendof  theoore,  when  the  armature  was  in  contaoti,aDd  when  it  was 
remoTed,  are  most  signiGcont.  Wlieti  the  armature  was  present  it 
mnlUpUed  the  total  magnetic  flow  tenfold  for  weak  currents,  and 
nearly  threefold  for  ationg  ourrents.  But  with  a  ateel  horaeahoe 
magiietised  once  for  all,  the  magnetic  linea  that  flow  around  the 
tMDd  of  the  ateel  are  a  fixed  qnantity,  and  however  mucb  you 
riiminijt)  tho  retuotanoB  of  the  magnetic  cirauit  you  do  not  create 
or  evoke  »ny  more.  When  the  armature  is  away  the  magnetic  linea 
arob  aoroai,  not  at  the  ends  of  the  honeehoe  only,  but  from  Its 
Banks  i  ths  whole  of  the  magnetic  linea  leaking  aomehow  M3roei 
the  spaoa.  When  yon  have  pot  the  annature  on,  these  linea, 
instead  of  archiog  ont  into  apace  as  freely  aa  they  did,  pMS  for  the 
most  part  along  the  steel  limbs  aod  throngh  uie  iron  armature. 


Fid,  02. — Experiment  with  Permuieiit  Magnet. 


on  may  still  have  a  considerable  amount  of  leakage,  hut  yon  have 
>t  made  ooe  line  more  go  through  the  bent  part.    You  have  abso- 


'B  go  through  the  bent  part.    You  h: 

lately  tbe  some  number  going  through  the  bend  with  thei.  ..  _  . 
off  aa  with  the  armature  on.  You  do  not  add  to  the  total  number 
by  reducing  the  magnetic  reluctance,  because  yon  are  not  working 
Doder  (he  influence  of  a  constantly  impressed  magnetiaing  force. 
By  potting  the  armatura  on  to  a  steel  horseehoe  magnet  yon  only 
raita  the  magnetic  linea,  you  do  not  inuMpJy  them.  This  is  not 
a  matter  of  conjecture.  A  group  of  my  studente  have  bean  makinK 
experiuentB  in  the  foUowmg  way.  They  took  this  large  steu 
boiaeshoe  magnet,  Fig.  62,  the  length  of  which  from  end  to 
end  through  the  steel  is  iS^in.  A  light  narrow  frame  was  ccn- 
itnicted  so  that  it  could  be  slipped  on  over  the  mi^et,  and  on  it 
were  wound  30  turns  of  fine  wire,  to  serve  as  an  eiploring  ooiL 
^e  ends  of  this  ooil  were  oarried  to  a  distant  part  of  the  labora- 
tory, and  oonnected  to  a  sensitive  ballistic  galvanometer.  The 
node  of  experimenting  is  as  follows :  The  coil  is  slipped  on  over 
the  magnet,  or  over  its  ormatrure,  to  any  desired  position.  The 
armature  of  the  magnet  is  placed  gently  upon  the  poles,  and  time 
enough  is  allowed  to  elapse  for  the  g^vanometer  needle  to  settle 
to  lero.  The  armatura  ia  then  auddenly  detached.  The  first 
■wing  meaaurea  the  change,  due  to  removing  the  armature,  in  the 
Quntier  of  magnetic  linea  that  pass  throngh  the  coil  in  the  parti- 
cular position. 

I  will  roughly  repeat  the  experiment  before  you  :  the  spot  of 
light  OQ  the  Boreen  is  reflected  from  my  galvanometer  at  the  for 
end  of  tbe  table.  I  place  the  exploring  cod  just  over  the  pcde,  and 
slide  on  the  armature  ;  then  otoee  the  galvanometer  oirouit.  Now 
I  detach  the  armature,  and  you  oliserve  the  large  awing.  I  ahift 
the  exploring  coil,  right  up  to  tbe  bend  ;  replaoe  the  armature  ; 
wait  until  the  spot  of  light  is  brought  to  rest  at  the  sero  of  the 
>ca1e.  Now,  on  detaching  the  armature,  the  movement  of  the  spot 
ol  ligbt  is  quite  imperceptible.  In  our  oarefol  laboratory  experi- 
ment, tbe  eEFect  was  noticed  inch  by  inch  all  along  the  magnet. 
The  eSect  when  the  eiploring  coil  was  over  the  bend  was  not  as 
great  as  l-3,000tb  part  ot  the  eSeot  when  tbe  ooil  was  bard  up  to  the 
pole.     We  ore  therefore  justified  in  saying   that  the  number  of 

"'"-— 'n  a  permanently  magnetised  steel  horsetboe   mog- 

Dot  ■![*«-'  ■---  '' ' -'  "■ ' — 

Yoi 


you  may  puU  ofl'  the  armatura  as  suddenly  oa  jroa  like.  It  doea 
tbe  magnet  good  rutlier  than  harm.  There  ia  a  popular  superatl- 
tion  that  you  ought  never  to  puU  off  tbe  keeper  of  a  magnet  and- 
^     '        "    '  ''"    it  is  found  that  the  facta  are  just  the 


deoly.     On  investigation,  i 


ks  suddenly  as  you  like  ; 
o  tbe  special  design  of 


theae  experimental  results  I  p 
electromagnets  for  special  purposes. 

ELEOTROUAdMETa   FOB  MaXIKVII   TbAOTION. 

These  have  already  been  dealt  with  in  the  preceding  lecture;  the 
characteristic  feature  of  all  the  forms  suitahle  for  traction  being 
the  compact  magnetic  circuit 

Several  times  it  has  been  proposed  to  increase  the  power  of 
electromagnets  by  constructing  them  with  intermediate  mosses  of 
iron  between  the  central  core  and  the  outeide,  between  the  layers 
of  windings.  All  theee  constructions  are  founded  on  fallacies. 
Such  iron  Is  far  better  placed  either  right  inside  the  coils  or  right 
outside  them,  so  that  it  may  property  constitute  a  part  of  tbe 
magnetic  circuit.  The  constructions  Known  as  Camacbo's  and 
Cance's,  and  one  patented  by  Mr.  S.  A.  Varley  in  1887,  belonging 
to  this  delusive  order  of  ideas,  are  now  entirely  obsolete. 

Another  construction  which  ia  periodically  brought  forward  as  a 
novelty  is  the  use  of  iron  windings  of  wire  or  strip  in  place  of 
copper  winding.  The  lower  electrlo  conductivity  of  iron,  as  com- 
pared wiUi  copper,  makes  such  a  construction  wasteful  of  exciting 
power,  To  apply  equal  magnetising  power  by  means  of  on  Iran 
coil  implies  tbe  expenditure  of  about  six  timea  as  many  watta  aa 
need  be  expended  if  the  coil  ia  of  copper. 

EucoTBOUAONars  for  Maxiudm  Banoi  of  Attraction. 
We  have  already  laid  down  tbe  priociide  which  will  enable  us  to 
dee^n  electromagnets  Co  act  at  a  distanoe.  We  wont  our  magnet 
to  project,  as  it  were,  its  foroeacronthe  greatest  length  of  air  gap. 
Clearly,  Chen,  such  a  magnet  mnst  have  a  very  large  magnetising 
power,  with  many  ampere-turns  upon  it,  to  be  able  to  make  the 
required  number  of  magnetic  linea  pass  across  the  air  resistance. 
Also,  it  ia  clear  that  the  poles  must  not  be  too  close  U«ether  for 
its  work,  othwwiss  the  magnetic  lines  at  one  pole  will  be  likely 
to  curl  ronndVnd  take  short  cut*  to  the  other  pole.  There  must  be 
a  wider  width  between  the  poles  than  is  desirable  in  electromagnets 
for  traoUon. 

ELunBOHAONrrs  of  Hranniit  Wetoht. 
Id  designing  an  apporotas  to  put  on  board  a  boat  or  a  boUoon, 
where  wAaht  is  a  consideration  of  primary  Importance,  there  ia 
again  a  diuerenoa.  There  are  three  tnings  that  come  into  play  — 
iron,  copper,  and  electric  current.  Tbe  current  weighs  nt^lng, 
therefore  if  yon  are  going  to  sacrifice  everything  else  t«  weiffbt, 
you  may  have  comparatively  little  iron,  but  you  must  have 
enough  copper  to  i>e  able  to  carry  the  eleotric  current ;  and 
under  such  circumstances  you  must  not  mind  heating  your  wires 
nearly  red  hot  to  pass  the  biggest  possible  currant.  Provide  aa 
little  copper  as  you  conveniently  can,  sacrificing  economy  in  that 
cose  to  the  attainment  of  your  object ;  but,  of  oourae,  ^ou  must 
use  fireproof  matnrial— such  as  BsbestoB— for  Insulating,  instead  of 
ootton  or  silk. 

A  Ubzful  Ouidiho  Fbihou'lk. 
In  all  caaes  of  deeign  thera  ia  one  leading  princiide  whioli  will  be 
found  of  great  assistance— namely,  that  a  magnet  always  lends 
BO  to  act  as  though  it  tried  to  dimini^  the  length  of  its  magnetic 
circuit.  It  tries  to  grow  more  compsct.  This  is  the  raveree  of 
that  wliich  holds  good  with  an  electric  current.  The  electric  circuit 
alwaya  triea  to  enlarge  itself  so  aa  to  enclose  as  much  spaoe  as 
possible,  but  the  tnagnetlc  circuit  always  tries  to  moke  itself  as 
compact  as  possible!  Armatures  are  drawn  in  as  near  as  oon  be, 
Co  close  Dp  the  magnetic  circuit.  Many  two-pole  electromagneta 
show  a  tendency  to  bend  together  when  Che  currant  is  turned  on. 
One  form  in  particular,  which  was  derised  by  Ruhmhorff  for  the 
purpose  of -repeating  Faraday's  celebrated  enperiment  on  the  mag- 
netic rotation  ot  pobrised  light,  is  liable  to  this  defect.  Indeed, 
this  form  of  electromagnet  is  often  designed  very  badly,  the  yoke 
being  too  thin,  both  mechanically  and  magnetically,  for  the  purpose 
wbidi  it  has  to  fulfil. 

-  Here  ia  a  small  electric  bell,  oonstruoted  by  Wegener  of  Wies- 
baden, the  construction  of  which  illustrates  this  prinoiple.  The 
electromagnet,  a  horseshoe,  lies  horiiontally  ;  ite  poles  are  pro- 
vided with  protruding  curved  pinsof  brass.  Through  thearmatnra 
are  drilled  two  ho1e»,  so  that  It  oan  be  hung  upon  the  two  brass 
pins ;  and  when  so  hung  up  it  touches  the  ends  of  .the  iron  ooraa 
lust  at  oneedge,  being  hela  from  more  {Mrfectoontaot  by  aspriDf;. 
There  is  no  complete  gap,  therefore,  in  tbm  magnetic  dronit. 
When  the  currant  comea  and  applies  •  magnetising  power,  it  finds 
the  magnetic  circuit  already  complete  in  the  sense  that  there  ara 
no  abstdute  gapa.  But  the  ciraoit  '-'•  * 
armatura  to  nrmg  it  flat  against  tl  , 
tiie  mode  of  motion.  This  is  a  moat  reliable  and  s< 
of  beU. 

ECtctromofputk  Pop-gwi Hera  is  another  curious  illustration 

of  the  tendency  to  complete  the  m^netio  drouit.  Hera  is  a 
tubular  electromagnet.  Fig.  53,  oonsisting  of  a  small  bobbin,  tbe 
core  of  which  is  on  iron  tube  about  2in.  long.  Thera  la  nothing 
very  unoauol  about  it ;  it  will  stick  on,  as  you  see,  to  pieoea  of  iron 
when  tbe  currant  U  turned  on.  It  oleorly  is  an  ordinary  electro- 
magnet La  ttiat  reepect.  Now,  suppose  I  take  a  little  round  rod 
of  iron  about  an  mob  long,  and  put  it  into  the  end  of  the  tuba, 
what  will  happen  when  I  turn  on  my  current!  In  this  apparatns 
as  it  stands  the  magnetic  oirouit  consists  of  a  short  length  of  iron, 
and  then  all  the  rest  Is  air.  Tbe  mogncMo  oironit  will  try  to  ocmi- 
it«elf,  not  by  shortening  tbe  irni,  bat  by  lengtbeouig  it,  by 
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i^Dg  tbe  piece  of  iro 


a^_ 


t  10  M  to  kfford   mora   Eorfaoe   for 

Tbkl  ia  oxBotlj  what  hftppena ;  for,  ■«  jou  see,  when  I  turn  on 
tha  currant  the  little  piece  of  iron  shoote  out  and  drope  down.  Yoa 
*ee  tlut  tittle  piece  of  iron  ihoot  ont  with  considerable  force.  II 
becomea  a  sort  of  mafrnetic  pop-gun.     Tbii  is  an  eiperimsnt  which 


Fio.  S3.— Electromagnetic  Pop-gon. 

hu  been  twice  dlwMvered.  I  foand  it  first  deecribed  by  Count  du 
Uoncel  in  the  paecB  of  La  LtmUrt  EUetriqve,  under  the  nune  of 
the  "pistolet  dtectrDmagii jtiqne "  ;  and  Mr.  Shdford  Bidwejl 
invented  it  independently.  I  am  indebted  to  him  for  the  nse  of 
this  appAratoe.  He  gave  an  acconnt  of  it  to  the  Phyncal  Society 
la  IBSfi,  but  the  reporter  micaed  it  I  Bapposa,  as  then  la  no  record 
in  the  Moiety'a  Procudiniit. 

{To  be  ccmimvtd.) 


HULUNGAB  DISTBICT  LUNATIC  ASYLUM. 

[The  liat  of  tenders  tor  this  work  waa  given  in  onr  laat  iaane. 
In  the  hope  that  tbe  full  epedfioation  may  prove  useful  to  engi- 
DOMa  having  to  apeelfy  similar  work,  we  give  it  herewith.— En. 
S.  £]. 

SPECIFICATION  FOR  ELECTRIC  LIGHT  INSTALLATION. 

1.  Enoini.  — To  be  of  tha  high-preaaura,  non-condensing  type, 
working  at  601b.  boiler  preeaure,  and  developing  TO  indicated 
horae- power,  fitted  with  epecially  heavy  Sywheet,  to  eninra  sl«adi- 
nees  in  driving,  and  turned  on  face  to  receive  driving  belt ;  special 
electric  lizht  governor,  with  hand -regulating  tackle,  to  adjust  the 
apeed  without  stopping  the  engine  ;  sight- fe^  lubricating  arrange- 
ment for  baaringB  :  all  other  necessary  tubricatora,  draio-tape  and 
stop-valve.  Note.— The  estimate  la  not  to  include  tbe  steam 
boilera,  as  the  existing  boilers  are  to  be  utilised. 

2.  Dtnauo, — To  Im  compound -wound  and  aelf-regulating, 
Enabling  any  number  of  lamps  to  be  turned  off  without  the 
candle-power  of  the  remaindm  varying,  having  output  of  106 
volte,  and  not  leu  than  S60  amperee  ;  speed  not  to  exceed  900 
revolutions  per  minute ;  fitted  with  butt  oontact  brushes,  and 
brush-holders  arranged  with  spring- forward  Uimst  and  hold-off 
oatoh.  Commutator  to  be  tnade  up  of  copper  bars  insulated  with 
mica.  Terminal  board,  with  brass  terminals.  Sight-feed  lubri- 
cators tor  bearings,  carrying  rails,  and  screw-tightening  gear 
to  enable  alack  of  belt  to  be  taken  up  whilst  running  ; 
machine    to    have    an    efficiency,    or    ratio    of    electrical  work 


3.  BiLTiKO. — To  be  of  sufBoietit  length  to  connect  engine  with 
dynamo,  and  to  be  double  laid  leather  with  patent  fasteners  for 
Jilting. 

4.  Cables  and  LEADiNa  Wirbb. — To  be  of  high  conductivity, 
98  per  cent,  of  pnra  copper,  and  of  section  equal  to  not  leas  tiuui 
one  square  inch  per  thousand  amperes,  to  be  insulated  in  soch  a 
manner  as  lo  give  an  insulation  resistance  of  not  lees  than  400 
megohms  per  statate  mile,  at  eode^F. 

0.  Main  DiaraiBDnoH  Boaod.— To  consist  of  subetaatial  slate 
base  polished  on  the  front,  on  which  is  mounted  the  necessary 
braaswork,  connected  by  laige  terminals  on  the  raverse  side  to 
the  mains,  each  circuit  to  ^  provided  with  a  fuse  and  to  be  so 
arrannd  that  an^  of  eight  circuits  may  be  connected  to  one  dynamo. 
One  direct-reading  voltmeter,  lo  read  up  to  120  volts,  fitted 
with  switch  :  one  amnere-meter,  to  read  up  to  not  leM  than  400 
amperes,  and  arranged  with  short-circuiting  plug  ;  both  inetru- 
menta  Id  t>e  fitted  on  the  distribution  boara.  The  whole  to  be 
arranged  on  iron  carrying  brackets  and  fitted  to  the  wall  inenglne- 

6.  Ciaocm. — The  lighte  tA  be  divided  up  into  eight  circuits. 
Each  of  the  three  fiocra  of  the  female  wing  to  have  its  own  indi- 
vidual circuit,  and  the  male  wing  to  he  arranged  in  identioally  the 
same  manner.  The  central  position  of  tbe  buildine.  consisting  of 
board-room,  entrance,  and  reception-room,  doctors  apartments, 
offices,  and  tMdrooms,  the  whole  spread  over  three  noors,  to  be 
oonnected  on  to  one  circuit.  Tbe  outside  Uehtiug  Ui  be  connected 
p  to  Uie  eighth  circuit  on  tbe  distribution  bocuil! 

^.  COT-ODTS  ACn  Samktt  Fdbbs.- To  be  arranged  at  all  branohea, 


"^.C 


and  should  be  of  the  double  pole,  main  and  branch  type,  nunuited 

■  ■    '  '  " '      -    porttoned  — 

2Sperei 
above  that  for  which  they  are  iutended. 

8.  PoamoN  or  thi  Wirk. — All  wirea  to  be  broogbt  to  die 
various  positions  as  agreed  upon  between  the  oontractoia  and  the 
representatives  of  the  Board. 

9.  Wood  Casinqh. — All  conducton  to  be  enclosed  in  mibetaiitiBl 
casing  of  hard,  dry,  white  wood,  except  in  the  offices  and  private 
rooms,  when  specially  finished  casing  is  necessary  ;  the  positives 
and  negatives  to  be  placed  in  separate  grooves,  and  for  small  siies 
to  have  a  width  of  wood  of  not  less  than  Jin.  between  them  ;  lot 
the  larger  sizes  tbe  separating  spaoe  to  be  not  less  than  l^in.  On 
no  account  must  tbe  wires  be  ran  without  casing,  except  for  out- 
side lighting. 

10.  SwrrcBss.- To  be  of  the  single-pole  type,  mounted  on  slate 
base,  with  fusible  cut-out  and  brass  covers,  ezoept  wbcm  other- 
wise specified  in  the  appendix,  and  to  be  so  arranged  that  tltry 
can  only  be  operated  by  means  of  detachable  key,  somewhu 
similar  to  those  used  for  locking  railway  carnage  doora.  Swit^us 
most  be  Identical  in  all  reepecte,  so  that  any  one  key  maiy  operate 
in  all  cases.  This  does  not  apply  to  the  switchcaln  tbe  oemDal 
portion— i,e,  private  apartmenta  of  the  building  ;  tbeao  may  be  of 
the  ordinary  type,  with  fixed  operating  bandlsa. 

11.  Lauf  Socsne.- To  be  of  brass,  fitted  with  or  witboaC 
shade  carriers  as  may  be  required,  with  oord  grip  nonles, 
terminals  mounted  on  slate  body,  and  to  fit  Edison-Swan  brass 
collar  lamps. 

12.  iNCAHDBBCEirr  Lamps. — Fnurhundredond  twenty  16  nominal 
candle-power,  105-volt  Edison-Swan  lampe,  with  bTsoe  oollara. 
Twenty  lampe  of  200  c.p.,  with  special  boldeis,  shade  oarrien, 
shades  not  leea  than  15ia.  in  diameter,  and  special  omling  rosea 
with  cut-outs. 

13.  Sbadk.— To  be  either  enamelled  iron,  opal  or  fancy  glass 
shades,  as  may  be  required  ;  in  cases  where  the  latter  on  uani, 
specially  finished  brasa  shade  carriera  of  arUstdc  damgn  wiU  be 
required. 

14.  BBAOXxm.--To  be  either  of  the  ordinary  iron,  atraight 
polished  brass,  swan-necked  polished  brass,  or  special  ornamental 
polished  brass,  as  may  be  required  in  accordance  with  Appendix  B. 

16.  Tabli  Lamps. — With  flexible  cord  to  allow  for  movement 
will  be  required  in  aocordance  with  Appendix  B,  and  to  consiBt  of 
polished  brass  with  heavy  base,  tripod  shade  corner  and  ahade,  or 
ordinary  workshop  pattern  with  shade. 

16,  dHANseuRBa. — As  specified  in  Appendix  B 
— To  be  of  the  oroina 
:ub-out  and  screw  cover,  but  En  special  c 
design,  sa  specified  in  Appendix  B, 

18.  Othis  FnnHOB.— As  specified  in  Appendix  B. 

19.  E&BcnoK.— The  whole  of  the  above  mat«rial  to  be  of  the 
very  best  quality,  and  erected  in  the  beet  manner,  and  aooording 
to  the  requirements  of  the  Board,  and  set  to  work  in  ooootdanoe 
with  the  rules  of  the  Phceoix  Fire  Office,  as  given  In  Appendix 
C.  Provide  in  the  estiinate  a  gum  of  £25,  lo  be  expended  at  ths 
discretion  of  tha  engineer  upon  foundations  for  engine  and 
dynamo,  and  all  the  necessary  steam  and  exhaust  connections  Ita 
engine. 

20.  OuAXANTKE,— If,  duHng  the  first  six  months  aft«r  atarting 
the  lisht,  any  fault  be  discovered  and  which  is  proved  to  be  due 
to  inferior  material  or  bad  workmanship,  it  will  have  to  be  recti- 
fied free  of  chaige. 

21.  Path  DTB.— Ths  contraotor  is  to  be  paid  as  th«  work 
proceeds,  on  the  written  certificate  of  the  engineer,  in  amounts  u 
may  be  agreed  upon,  but  in  no  case  shall  auy  such  amount  added 
to  the  amounts  of  the  former  certifioatee  exceed  nine-tenths  of  the 
value  of  work  done  up  to  the  date  of  such  oertificate.  TheUst 
instalmeot  shall  be  payable  at  the  end  of  the  period  of  upholding, 
being  Che  remaining  10  per  cent,  of  the  value  of  the  whole  work 
done.  All  payments  should  Ije  made  to  tbe  contractor  on  the 
authority  of  the  engineer's  certificate,  and  without  the  produc- 
tion of  a  certificate  signed  by  the  engineer,  the  contractor  will  not 
l>e  entitled  to  any  payment  from  the  govamora. 

22.  CxKTirtOATE. — The  certificate  shall  state  the  amonnt  of 
money  which  the  en^neer  considers  should  be  paid  to  the  con- 
tractor, and  in  arriving  at  this  amount  he  shall  have  regard  to  the 
quantity  of  work  executed  in  the  several  departments  at  the  date 
of  their  examination,  and  the  rate  of  progress  of  the  works.  No 
Bccoant  shall  be  token  of  materials  laid  upon  the  ground  bat  not 
worked  up.  The  amount  stated  in  any  certificate  (save  tbe  final 
one}  shall  be  merely  approximate,  and  shall  be  without  prejudiM 
to  either  party's  right.  The  certificates  shall  be  signed  by  the 
engineer  and  handed  to  the  contractor,  who  most  deUver  them  to 
the  resident  medical  superintendent.  The  contractor  will  he 
entitled  to  payment  of  the  certificates  within  one  fortnight  after 
the  first  meeting  of  the  governors  next  after  he  shall  have 
lodged  them  with  the  resident  medical  superintendent  as  above. 
It  u,  however,  to  be  oleorly  understood  that  the  payment  on 
account  of  any  portion  of  Che  work  does  not  adopt  such  work  as 
finally  completed,  and  all  materials  and  workmanship  which 
may  prove  unsuitable  or  turn  out  defective  in  the  engineer's 
opinion,  even  after  they  have  been  paid  for  on  aeoount,  shall  be 
made  good  to  the  engineer's  satisfaction,  or  removed  as  the  cara 
may  require.  Certified  payments  onaccount  shall  in  no  case  alt«t 
or  remove  thq  contractor's  liability  in  respect  of  the  works.  At  the 
end  of  the  period  of  upholding  the  engineer  shall  issue  a  final  cer- 
tificate stating  that  the  works  have  been  oomp]et«d  and  upheld  in 
accordance  with  the  terms  of  the  contract,  and  that  the  contractor 
is  entitled  to  be  paid  the  balance  of  money  lying  to  his  credit  in 
the  governora'  hands.  The  engineer  shaU,  however,  as  already 
statM,  have  full  power  to  refuse  a  oertifioate,  either  intermediate 
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or  final,  in  case  that  the  progress  of  the  works,  the  character  of 
the  workmanship,  the  quality  of  the  materials,  or  an)r  other  matter 
is  not  in  conformity  with  the  drawings  and  specification. 

23.  Completion  of  the  Works.— The  whole  of  the  works  are 
to  be  completed  in  every  respect  and  handed  over  under  a  certificate 
from  the  engineer  for  the  use  of  the  governors  within  the  period 
of  four  months  from  the  date  of  the  contract  agreement,  but  buch 
handing  over  is  not  to  relieve  the  contractor  from  his  liability  to 
Qphold  the  works  for  six  months  after  their  completion  under  the 
provisions  hereof.  No  extension  of  the  above  period  of  four 
months  will  be  granted  save  in  the  event  of  extra  work  having 
been  ordered. 

24.  Contract  Agrsemskt.— To  give  this  specification  legal 
effect  a  sealed  agreement  is  to  be  entered  into  between  tne 
governors  and  the  party  whose  tender  shall  have  been  accepted 
by  the  governors.  This  agreement  shall  be  prepared  by  the 
governors'  solicitor,  at  their  cost,  and  will  include  the  specifica- 
tion and  the  drawings  and  such  legal  covenants  and  other  condi- 
tions as  may  be  necessary,  and  in  the  case  of  anv  dispute  as  to 
what  other  conditions  are  necessarv,  the  same  shall  be  referred  to 
the  engineer,  whose  decision  shall  be  final  and  binding  on  all 
parties.  It  is,  however,  to  be  clearly  understood  that  the  party 
selected  by  the  resolution  of  the  governors  shall  not  be  conHidered 
the  contractor  until  the  contract  agreement  has  been  executed,  and 
he  shall  have  no  claim  against  the  governors  in  case  the  matter  fall 
through  before  the  execution  of  the  agreement. 

25.  Damages  Paid  for  Delay.— Should  the  contractor  fail, 
either  through  default  or  neglect,  in  having  the  works  completed 
and  handed  over  to  the  governors  within  tne  period  named  above, 
he  shall  forfeit  and  pay  to  the  governors  as  liquidated  damages 
the  sum  of  £10  weekly  for  each  and  every  week  that  may  elapse 
between  the  contract  and  actual  date  of  completion,  and  the 
governors  shall  deduct  the  total  amount  of  such  liquidated 
damages  out  of  any  balance  lying  in  their  hands  to  the  contractor's 
credit.  In  addition  to  the  foregoing,  should  the  works  not  be  com- 
pleted within  the  time  specified,  tne  engineer  shall  withhold  all 
certificates  for  payments  on  account  until  the  works  are  actually 
completed. 

26.  Upholding. — The  contractor  is  to  uphold  the  whole  of  the 
works  of  the  contract  for  a  period  of  six  months  after  the  date  upon 
which  they  shall  have  been  handed  over  to  the  governors  under  the 
engineer's  certificate.  All  necessary  repairs  and  reconstructions  must 
be  made  from  time  to  time  as  required,  and  all  defective  workman- 
ship and  materials  which  may  be  discovered  must  be  removed  and 
made  good  ;  all  failures  or  other  defects  must  be  remedied  and  the 
portion  of  the  works  affected  thereby  must  be  made  good  and  left 
m  accordance  with  the  specification.  At  the  end  of  the  period  of 
upholding,  should  the  engineer  be  satisfied  with  the  condition  of 
toe  worlu,  the  governors  shall  take  them  off  the  contractor's 
hands  by  a  final  certificate  ;  should,  however,  the  state  of  things 
not  satisfy  the  engineer  he  shall  refuse  such  final  certificate, 
and  shall  nave  full  power  under  this  contract  to  withhold  it  until 
such  time  as  the  contractor  shall  have  put  the  works  into  a  condi- 
tion satisfactory  to  the  engineer.  The  contractor  to  break  throueh 
all  holes  where  necessarv  in  the  walls  of  the  building  and  to  make 
good  on  tx>mpletion.  llie  cutting  of  holes  through  the  face-work 
or  mouldings  to  be  executed  by  a  competent  and  careful  stone- 
cutter ;  the  contractor  to  be  responsible  for  any  damage  done,  and 
will,  if  directed  by  the  architect,  be  required  to  remove  injured 
stones  and  replace  with  new  stone  of  corresponding  quality,  and 
to  be  neatly  nnished.  All  flfiun:ing,  tiling  on  concrete  flooring  to 
be  made  good  with  material  oicorreeuonaing  quality  and  pattern, 
and  finished  in  the  best  manner  possible.  All  plastering  damaged 
or  disturbed  in  any  wav  will  have  to  be  hacked  off  and 
relathed  with  laths  equal  to  existing  ones,  securely  nailed, 
and  plaster  to  be  well  mixed  with  clean  hair.  Ail  ornamental 
glass  or  ordinary  glazing  broken  will .  have  to  be  renewed 
with  glass  of  similar  quality  and  pattern,  and  fixed  in  manner  to 
correspond.  The  contractor  to  provide  all  necessary  carpentry 
work  and  attendance  upon  the  fitters,  to  cut  through  and  make 
good  all  floors,  joists,  etc.  All  casings  and  sheeting  round  fittings 
and  pipes  to  be  left  complete,  and  so  arranged  as  to  afford  easy 
access  to  the  fittings  and  pipes.  All  painting,  distemper,  colouring 
injured  to  be  renovated  ana  made  good  by  experienced  workmen, 
and  finished  in  the  best  possible  manner,  to  correspond  in  every 
way  with  the  existing  work.  The  entire  buUdin^,  at  the  comple- 
tion, to  be  cleaned  ofall  rubbish,  dirt,  old  materials,  and  whatso- 
ever may  accumulate  during  the  execution  of  the  work,  and  given 
up  in  a  clean  and  fit  state. 


APPENDIX  A. 
List  of  Lamps  as  shown  on  Plan. 

Ground  Floor. 


16c.p.  200  c.p. 
lamps,  lamps. 
Over    main    en- 
trance   —  ...    I 

Hall 2  ..    — 

Stairs 1  ...  — 

M  room 3  ...  — 

Board  room  3  ..    — 

Corridor  X 4  ...  — 

Nroom  ..  1  ...  — 

Store  2  ...  — 

Keeper's  room  ...  2  ..    — 

Office 2  ...  — 

Superintendent's 

office  2  ...  — 

0  room  1  .«  — 

P  corridor     .«...  1  ...  — 


Femalewing 80 

Male  wing 79 

Epileptic  ward  A  6 

Attendants'   din- 
ing-room      — 

Kitchen 2 

Stairs 1 

Shoemakers  4 

Tailors    3 

Carpenters 4 

Stables   4 

Harness-rooms ...  2 


16  c.  p.  200  c.  p. 
lamps,   lamps. 


1 
1 
1 

5    ...  — 


1 
1 


Female  wing 40 

Male  wing 40 

Doctor's  study  ...  4 

SUirs 1 

Drawing-room  ...  3 

Dining-room 3 

Passage 4 

Corridor 3 


First  Floor. 

16  c.p.  200  c.p. 
lamps,   lamps. 


1 
1 


•••«••••■ 


R.R. 

Larder  and  pantry    2 

Doctor's  kitchen    3 

Scullery 1 

Sink    1 

Servants' bedroom  1 


16c.p.  200  cp. 
lamps,   lamps. 
.2      ..     — 


Total  108 

Second  Floor. 
16  c.p.  200  c.p. 


Female  wing 38 

Malewing 38 

Doctor's  bedroom    2 

Stairs 1 

T  bedroom     2 

U  bedroom    2 


lamps,    lamps. 


1 
1 


16  c.  p.  200  c.p. 

lamps,  lamps. 

V  bedroom     1     ...    — 

Corridor 2    ...    — 

Passage 2    ...    — 

Rooms  in  passage    6    ...    — 


Total 

Outside  Lightifigand  Offices. 
16  c.p.  200  c.p. 


95 


Avenue  

Lodge  gates — 

Around  asylum..  — 

Lodge     6 

Boiler-house 2 


lamps,    lamps. 
2 


1 

8 


16  cp.  200  o.p. 

lamps,    lamps. 
Engine-house   ...      4    ..    — 

Laundry 1    ...  — 

Washhouse    1    ...  — 


11 


Totel  14 

Abstract. 

16  c.p.  lamps.     200  cp.  lamps. 

Outside  lighting  and  offices  14     11 

Ground  floor  213     6 

First  floor   108     2 

Second  floor   96     2 


Total    430 

APPENDIX  B. 
General  Arrangement  of  Lights. 


20 


Total. 


213 


1.  Main  Entrance. — One  high  c.p.  lamp  with  holder  and  shade 
not  less  than  15in.  diameter.  Porcelain  switch  of  artistic  design, 
with  cut-out  and  cover,  to  be  erected  in  the  entrance  hall. 

2.  Hall. — Two  pendants,  each  consisting  of  specially  finished 
ceiling  rose,  cut-out  and  screw  cover,  flexible  service  cord,  silk 
finished,  lampholder  with  slate  body,  artistic  shade  carrier  and 
fancy  coloured  glass  shade,  no  switch. 

3.  Board-room.— One  three-lighted  chandelier,  highly  finished 
and  of  artistic  design,  ceiling  rose,  and  switch,  with  cut-out  and 
cover  to  match,  all  necessary  shades  or  globes,  lampholder,  etc., 
complete. 

4.  Stairs.— One  swan-necked  polished  brass  bracket  lamp  com- 
plete, with  fancy  coloured  glass  shade  and  wall  rosette,  no  switch, 
cut-out  to  be  erected  at  branch  from  main. 

5.  M  Room. — One  three-light  chandelier  complete,  and  erected 
similar  in  all  respects  to  the  one  in  Board-room. 

6.  Corridor  X.— Four  pendants,  similar  in  all  respects  to  those 
in  the  hall.     No  switch. 

7.  N  Room.— One  swan-necked  polished  brass  bracket  com 
plete,  with  fancy  coloured  glass  shade,  wall  rosette,  single-pole 
switch,  mounted  on  slate  base,  with  fuse  and  screw  cover. 

8.  S  tore. — Two  pendants,  each  consisting  of  porcelain  ceiling- 
rose,  with  cut-out  and  cover,  lampholder  or  slate  base  with  shade 
carrier,  cord  grip  nozzle,  and  opal  glass  shade.  One  switch  similar 
to  the  one  in  N  room. 

9.  Keeper's  Room. — To  be  lighted  in  the  same  manner  as  store 
(No.  8). 

10.  Office. — Same  as  store  No.  8,  but  each  lamp  to  have  its  own 
switch. 

11.  Superintendent's  Room. — Same  as  office  (No.  10). 

12.  Waiting-room  O. — To  be  lighted  in  the  same  manner  as 
•N  room  (No.  7). 

13.  Corridor  1\— Pendant  similar  to  those  in  store  (No.  8),  but 
no  switch. 

14.  Stairs  F.— Same  as  No.  4,  but  with  opal  glass  shade. 
15   Female  Wing : 

1.  Padded  Cells.  -These  lamps  must  be  placed  in  fittings  con- 
sisting of  enamelled  iron  reflectors,  glass  fronts,  brass  guards,  and 
to  be  fitted  with  lock  and  key.  The  whole  arrangement  to  befitted 
on  the  wall  or  ceiling  as  mav  be  required.  Switch  must  be  erected 
outside  the  cell  in  the  corridor,  and  should  be  arranged  to  operate 
by  means  of  a  detachable  key  as  specified. 

2.  AUendanta*  Boom. — To  be  lighted  by  pendants,  each  consist- 
ing of  porcelain  ceiling  rose,  cut-out  ana  screw  eover,  flexible 
workshop  cord,  lampholder  with  shade  carrier,  opal  shade  and 
switch  with  ordinary  operating  handle. 

3.  Stare-rooriM. —Bracket  lamps,  ordinary  9in.  iron  type,  with 
opal  shade,  switch,  wall  rosette,  and  cut-out  at  branching  joints. 

4.  Dormitories  Nos.  1,  2,  and  3. — All  pendants  same  as  atten- 
dants' room  (2),  but  with  enamelled  iron  shades,  and  removable 
key,  switch  to  each  room. 

5.  Corridor  .4.— Pendants  same  as  dormitories,  but  no  switch. 

6.  K.K. — Brackets,  ordinary  9in.  iron  type  with  enamelled  iron 
shades,  lampholders,  and  removable  key  switches. 

7.  Workroom. — ^One  brass  bracket  (swan  neck),  two  workshop 
table  lamps,  and  three  pendants,  all  arranged  with  enamelled  iron 
shades,  lampholders,  porcelain  ceiling  roses,  cut-out,  and  covers, 
one  switch  with  removable   key,  tablelamps  to  have  sufficient 
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length  of  flexible  oord  to  allow  movement  of  not  lees  than  2ft.  in 
any  direction. 

8.  Dayroom. — To  be  lighted  by  one  high  candle-power  lamp, 
fitted  with  holder,  shade,  ceiling  rose,  and  switch  with  removable 
key. 

9.  Corridor  B, — Same  as  A  (No.  5). 

10.  Corridor  C. — Same  as  A  (No.  5). 

11.  CdU  in  Corridor  C, — Same  as  padded  cells. 

12.  J£cUron*a  Office. — Two  pendants  with  opal  shades,  one  switch, 
celling  roses,  etc. 

13.  Corridor  D, — Same  as  (No.  6). 

14.  Dormitory  No.  4. — Is  arranged  similar  to  cells  in  corridor  C, 
(No.  11),  but  with  three  lamps  in  corridor,  same  as  corridor  A 
(No.  5), 

15.  Boom  ^.—Pendant  as  before,  with  enamelled  shade  and 
guard  for  lamp,  switch  same  as  padded  cells. 

16.  Stairs. — Same  as  No.  14. 

17.  Da^room  A.  —Pendants  same  as  dormitories  1,  2,  and  3,  one 
switch  with  removable  key. 

18.  Male  Wing. — ^To  be  lighted  in  identically  the  same  manner 
as  the  female  wing. 

19.  Epileptic  Wards. — To  be  U^hted  with  two  lamps,  same  as 
|)added  cells,  and  three  pendants  smiilar  to  dormitories  Nos.  1,  2, 
and  3,  one  switch  with  removable  key  to  each  ward. 

20.  Attendants'  Dining  Hall. — >One  lamp  similar  in  all  respects 
to  dayroom  (No.  17). 

21.  Kitchen. — Same  as  dining  hall  (No.  20),  but  with  two  extra 
iron  bracket  lamps,  one  on  each  side  of  fireplace,  and  one  being 
arranged  to  allow  lamp  to  be  taken  down  to  examine  inside  of  oven. 

22.  Boiler-house. — ^Pendants  similar  to  corridor  A ;  no  switch. 

23.  Engine-house. — Same  as  No.  22. 

24.  Laundry. — Iron  wall  bracket  with  enamel  shade,  and 
removable  key  switch. 

25.  Washhouse. — Same  as  No.  24. 

26.  Shoemakers'  Shop. — ^Pendants  same  as  No.  22  ;  one  switch 
with  movable  key. 

27.  Tailors. — Same  as  No.  26. 

28.  Carpenters. — Same  as  No.  26. 
29    Harness-room. — Same  as  No.  26. 

30.  Stables.— Same  as  No.  26. 

31.  Attendant-room  (above  harness-room). — Same  as  No.  26. 

32.  Lodge.— Same  as  No.  26,  but  with  opal  shades,  and  ordinary 
switch  to  each  lamp. 

33.  Outside  Lighting. — ^To  be  lighted  with  high  candle-power 
lamps,  as  in  dayroom— present  posts,  etc.,  to  be  utilised  ;  circuit 
to  be  bare  copper  wire,  high  conductivity,  supported  on  insu- 
lators, and  connected  to  the  eighth  connection  block  on  switch- 
board ;  each  lamp  to  have  its  own  switch,  similar  to  the  one  in 
dayroom  ;  shades  to  be  erected  in  four  cases  only,  and  four  cast- 
iron  brackets  to  be  provided  to  carry  lamps  from  corners  of  the 
building. 

FiBST  Floor. 

34.  Male  and  Female  Wings.— To  be  lighted  in  the  same 
manner  as  on  the  ground  floor. 

35.  Doctor's  Study. — To  be  lighted  by  three  polished  brass 
brackets  of  good  design,  fitted  with  coloured  glass  shades,  and 
ordinary  operating  switch  of  artistic  design,  one  polished  brass 
table  lamp  with  tnpod  shade,  and  switch  combined. 

36.  Dining-room. — Three-light  chandelier,  polished  brass,  com- 
plete with  coloured  shade,  etc.,  and  switch. 

36a.  Stairs. — Same  as  No.  4. 

37.  Drawing-room. — Three  brackets  and  switch,  same  as  No.  36. 

38.  Passage. — Same  as  corridor  (No.  6). 

39.  R.  R. — Pendants  same  as  store  (No.  8). 

40.  Larder. — Bracket  same  as  N  room  (No.  7),  but  with  opal 
shade. 

41.  Pantry. — Same  as  No.  40. 

42.  Kitchen. — Same  as  No.  8,  store. 

43.  Scullery  and  Sink. — Brackets,  ordinary  iron  type,  with  one 
switch  to  the  two,  similar  in  all  other  respects  to  No.  40. 

44.  Servant's  Bedroom.  — Pendant  similar  to  kitchen,  with  switch. 

45.  Back  Passage.— Same  as  corridor  A. 

Second  Floor. 

46.  Male  and  Female  Wines. — Same  as  before. 

47.  Stairs. — Same  as  No.  S&. 

48.  S  Bedroom.— Two  ordinary  brackets,  each  with  switch, 
opal  shade,  cut-oat,  etc. 

49.  T  Bedroom. — Same  as  No.  48. 

60.  U  Bedroom.— Pendant  with  switch,  same  as  in  No.  8,  store. 

51.  y  and  W  Water  Closets.  —  Brackets  same  as  N  room 
(No.  7),  bot  with  opal  shades. 

52.  Passage.— Same  as  No.  38. 

53.  Back. — Same  as  No.  45. 

54.  Bedroom. — Pendant,  same  as  No.  60. 

55.  Four  Rooms. — Pendant,  same  as  No.  50,  but  only  one  switch. 
In  the  private  house  apartments,  switches  with  ordinary  operating 

handles  are  neoeesary. 

Note. — ^No.  1  estimate  to  include  all  the  works  in  the  foregoing 
specification  and  Appendices  A  and  B. 

APPENDIX  C. 

bufplkmemtal  spscmoation  of  works  to  be  donb  when  the 

Accumulators  are  Added. 

The  Engine. — Supplied  in  accordance  with  specification,  to  be 
arranged  to  drive  a  countershaft,  from  which  the  main  dvnamo, 
already  specified,  will  be  driven,  and  also  the  additional  dynamo 
for  charging  the  accumulators  ;  dynamos  to  be  arranged  to  work 
independently  of  each  other,  so  that  one  machine  may  work  while 
the  other  is  not  running. 


Dtnamo. — To  be  shunt  wound  for  charging  accumulators,  having 
an  output  of  130  volts  60  amperes,  at  a  sp^d  not  exceeding  1,200 
revolutions  per  minute,  carrying  rails  and  screw-tightening  gear 
to  enable  slack  of  belt  to  be  taken  up  whilst  running.  Commu- 
tators made  up  of  copper  bars  insulated  with  mica,  butt  contact 
brushes  and  holders,  with  spring-forward  and  thrust  and  hold-o£F 
catch,  sight-feed  lubricators  for  oearings,  capable  of  charging  ac- 
cumulators without  undue  heating  or  sparking  either  from  electri- 
cal or  mechanical  causes. 

Accumulators. — To  be  of  the  Electric  Construction  Corpora- 
tion's make,  23L  size,  having  all  the  latest  improvements, 
and  requiring  a  charging  current  not  exceeding  ^  amperes, 
capable  of  discharging  up  to  46  amperes  of  10  hours,  to  be  erected 
upon  glass  insulators  m  wooden  trays.  The  number  of  aocumn- 
lators  cells  required  will  be  54  (fifty-four). 

Switchboard.— To  be  of  the  Electric  Construction  Corporation's 
r^ulation  type,  fitted  with  switches  for  turning  on  extra  cells  to 
compensate  tor  fall  in  E.M.F.  towards  the  end  of  diAchaj^e, 
main  switch  and  fuse,  volt  and  anmieters  complete  with 
arrangement  for  making  direct  connection  between  the  ceUs  and 
any  or  all  of  the  eight  circuits  of  the  building. 

Automatic  Switch. — To  cut  out  dynamo  in  the  event  of  a  fall 
in  the  E.M.F.  through  stoppage  of  the  engine,  eta 

Voltmeter.— For  testing  the  E.M.F.  of  each  cell,  and  to  be  oC 
the  direct  low  reading  type,  with  connecting  pin  for  coapling 
to  cells. 

Hand  Lamp.— Fitted  with  guard,  reflector,  bayonet,  lamp- 
holder,  lamp  flexible  wire,  pin  connection,  and  fuse  complete  for 
inspecting  tne  cells. 

General. — All  necessary  gearing,  belting,  cables,  wires,  hydro- 
meters, spare  parts,  ana  other  requisites  for  the  satisfactory 
working  of  the  above  plant  to  be  supplied. 

Erection. — The  whole  of  the  above  plant  will  require  erection 
in  the  dynamo-house,  excepting  the  cells,  these  being  placed  where 
most  convenient,  and  as  near  to  the  engine-house  as  ]K>s8ible,  and 
set  to  work  to  the  satii^action  of  the  Board's  engineers.  All 
foundations,  and  other  labour  in  erection,  to  be  supplied  by  the 
electric  light  contractor. 

Guarantee  and  Terms.— Same  as  general  specification. 

Note. — No.  2  estimate  to  embrace  the  works  in  the  supplemental 
specification,  Appendix  C. 


COMPANIES'  MEETINGS. 


ELECTRIC  CONSTRUCTION  CORPORATION. 

The  first  ordinary  meeting  of  the  shareholders  of  this  Company 
was  held  on  Monday  at  the  offices,  Worcester  House,  Walbrook, 
E.C. ;  Sir  Henry  C.  Mance,  CLE.,  in  the  chair. 

The  notice  convening  the  meeting  and  the  Auditors'  report 
were  read  by  the  Secretary  (Mr.  F.  Walton) : 

Auditors'  Report. 

"To  the  Members  of  the  Electric  Construction  Corporation, 
Limited :  Gentlemen, — We  have  audited  the  acounts  from  the 
commencement  of  the  Company — viz.,  7th  June  1889,  up  to  90th 
September,  1890— and  have  examined  the  profit  and  loss  account 
ana  balance-sheet  with  the  books,  vouchers,  and  accounts.  The 
sum  of  £121,963.  128.  6d.  on  the  credit  side  of  the  profit  and  loss 
account  is  represented  to  a  great  extent  by  shares  which  stand  in 
the  balance-sneet  at  par.  It  is  impossible  to  say  what  is  the  exact 
amount  that  ought  to  be  carried  to  capital  account  in  respect  of 
the  cost  of  patents  sold  and  depreciation  caused  by  the  licenses 
granted,  but  we  think  the  round  sum  of  £100,000  should  be  ample, 
in  connection  with  these  financial  transactions  there  is  a  contingent 
liability  for  uncalled  capital,  about  £90,000 ;  but  any  payment  in 
respect  of  this  liability*  should  increase  the  assets  of  the  Corpora- 
tion. We  are  informed  by  the  managers  of  the  works  at  Wolver- 
hampton and  Millwall  that  the  plant  and  machinery  have  been 
fully  kept  out  of  revenue;  but  we  think  it  advisable  that  a 
considerable  sum  should  be  placed  as  a  reserve  for  depreciation, 
and  beg  to  suggest  that  the  Directors'  recommendation  of  placing 
£16,000  as  sucti  reserve  should  be  adopted.  One  of  the  subsidiary 
set  of  books  do  not  balance  by  the  sum  of  £1.  18s.  5d.,  and  so 
much  time  has  been  occupied  in  endeavouring  to  find  this  difference 
that  the  completion  of  tne  audit  has  been  delayed.  We  believe 
sufficient  reserves  have  been  made  to  meet  any  error  afiecting 
profit  and  loss  account. 

"Broads,  Patersok,  akd  Co., 

"1,  Walbrook,  B.C.,  Nov.  24,  1890." 

The  dudrman  then  said  :  Gentlemen,  I  have  now  the  pleasure 
of  presenting  to  you  the  report  and  accounts  of  the  Company  for 
the  period  endinc;  Septemoer  30  this  year,  I  presume  that,  in 
accordance  with  the  usual  custom,  you  will  prefer  to  take  them  as 
read  ("  Yes  ! ")  [The  report  and  balance-sheet  will  be  found  in 
our  issue  for  Kov.  28.]  That  being  the  case,  I  will  proceed,  with- 
out further  delay,  to  go  through  the  accounts,  and  just  touch  upon 
a  few  items  that  seem  to  me  to  require  a  little  extra  explanation. 
Now,  commencing  at  once  on  the  credit  side  of  the  profit  and  loss 
account,  the  first  item  is  £4,061  on  account  of  apportionment  of 
profit.  I  may  explain  that  this  represents  the  amount  which,  after 
liberal  deductions  for  depreciation,  cost  of  experiments,  etc.,  the 
Auditors  certify  as  profit  not  belonging  to  capital.  Althoogfa  we 
took  over  the  benefits  of  the  working  of  the  Elwell-Farker 
Company  from  September,  1888,  we  are  not  allowed  to  count 
towards  revenue  any  profits  that  were  made  before  the  date  of  the 
incorporation  of  this  Company.  These  profits  therefore  go 
to   increase   the    capital   value,   and    do   not   appear   in    our 
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profit  and  loss  account.  There  is  some  little  difficulty  in  apportion- 
ing the  exact  amount  of  the  earnings  for  the  period  mentioned, 
bat  you  may  take  it  that  it  is  roughly  approximate.  Probably  it 
may  have  been  put  too  low,  but  you  will  understand  that  if  you 
have  not  these  earnings  set  out  as  profits  you  have  them  in  the 
increased  value  of  the  Business  which  we  acquired.  It  is  simply  a 
matter  of  account.  The  items,  work,  sales  and  expenses,  speak 
for  themselves.  I  have  only  to  say  that  in  working  out  for  your- 
selves the  net  trading  profits  it  will  be  fair  to  include  a  consider- 
able portion  of  the  item  that  follows  of  £14,000  charged  against 
head  office  expenses.  This  should  be  deducted  to  arrive  at  the 
net  trade  results.  I  may  also  point  out  to  you  that  the^e  head 
office  expenses  are  for  a  period  of  nearly  16  months,  not  12  months. 
In  connection  with  the  item  of  interest  on  temporary  loans  it  is 
desirable  to  mention  that  it  was  necessary  to  obtam  these  advances 
in  order  to  complete  our  engagements  with  the  vendors. 
A  part  of  this  item  might,  therefore,  fairly  have  been  charged  to 
capital.  We  think,  however,  that  it  is  of  more  importance  to 
put  the  affiiirs  of  the  Corporation  on  a  sound  financial  basis  than  to 
present  to  you  too  glowing  a  balance-sheet,  and  the  same  principle 
nas  been  applied  here  as  in  the  item  of  preliminary  expenses  and 
the  other  expenses  items — that  is  to  say,  the  whole  of  the  expendi- 
ture has  been  written  off  against  the  first  year's  working.  Further, 
in  regard  to  that  item  of  other  expenses  you  will,  of  course,  easily 
understand  that  advertising  must  always  be  a  serious  cost,  and  U 
it  is  worth  doing  at  all  it  ou^ht  to  be  done  well.  A  considerable 
portion  of  that  item,  £3,948,  is  made  up  by  the  estimated  cost  of 
goods  which  were  sent  to  the  Edinburgh  Exhibition,  which  is 
another  form  of  advertisement.  To  be  on  the  safe  side,  and  bearing 
in  mind  the  facii  that  returned  goods  are  often  very  much  depre- 
ciated in  value,  we  have  written  off  the  entire  cost  of  these  g^oods, 
80  that  if  anything  is  realised  eventually  from  them  it  will  come 
into  the  accounts  as  net  profit.  Then  we  have  cash  and  shares, 
the  item  of  £121,900. 

When  the  Corporation  took  over  the  businesses  that  we  have 
acquired  there  were  foreign  patents  of  undoubted  but  undeveloped 
value.  The  patent  fees  themselves  were  a  heavy  charge,  while 
the  income  was  nominal.  These  patent  fees  are  mduded  under 
the  beading  of  head  office  expenses.  The  Directors  have  made  it 
their  business  to  realise  these  foreign  patents  by  handing  them 
over  to  a  subsidiary  company.  To  a  great  extent  this  item  is 
represented  by  paper  only — that  is  to  say,  so  far  as  the  purchase- 
money  for  patents  is  concerned,  they  having  been  paid  for  in 
shares.  The  result  of  the  transfer  has  fairly  justified  tne  expecta- 
tions of  the  Directors,  for  not  only  has  a  drain  upon  revenue  been 
stayed,  but  the  transfer  of  these  foreign  patents  has  resulted 
already  in  a  satisfactory  development  of  business  in  the  countries 
concerned.  Upon  paper  these  transactions  show  an  extremely 
satisfactory  profit,  but  the  shareholders  will,  I  a«n  sure,  support 
the  policy  m  the  Directors  in  their  decision  not  to  apply  any 
portion  of  the  sales  of  patents  to  the  credit  of  revenue  until  the 
present  patent  account  is  practically  written  off.  While  on  the 
subject  of  patents  I  may  mention  that  both  at  Millwall  and  Wolver- 
hampton we  are  always  experimenting  in  order  to  keep  up  with 
the  business  of  the  day,  and  it  has  sometimes  happened  that  in 
workinfr  on  one  thing  we  discover  others  which  are  even  of  more 
value  than  the  object  originally  sought  for.  When  we  took  over  the 
Elwell-Parker  business,  one  of  the  patents,  which  was  lying  dormant 
at  the  time,  was  a  method  of  obtaining  phosphorus  by  the  assistance 
of  electricity  from  phosphate  of  aluminium.  I  regret  that  the  gale  of 
wind  which  we  haa  in  November  damaged  our  buildings  there,  and 
therefore  the  experiment  is  not  sufficiently  far  advanced  to  allow 
nie  to  say  anythine  certain  to-day  ;  but  Mr.  Parker  and  his  co- 
inventor,  Dr.  Reeaman,  are  very  sanguine — as  inventors  usually 
are— and  they  have  every  hope  of  bringing  it  to  a  successful  issue. 
It  may  be  in  your  minds  that  the  aluminium  process  was  entirely 
revolutionised  by  the  application  of  electricity,  and  I  see  no  reason 
why  we  should  not  be  equally  successful  with  phosphorus.  Be 
that  as  it  may,  we  have  risked  very  little  and  we  have  gained 
most  valuable  experience  with  our  electrical  furnace,  from  which 
I  believe  that  great  discoveries  with  electricity  will  be  made  in  the 
near  future. 

With  thifl  little  digression  we  will  go  on  with  the  balance-sheet, 
which  I  hope  you  will  agree  is  a  very  good  one,  remembering 
that  this  Is  the  first  year's  working,  that  we  have  had  to  get  custom 
toeether,  and  that  we  have  not  hsyd  the  benefit  of  our  new  works. 

1  do  not  know  there  is  much  for  comment,  but  I  should  like  to 
have  seen  a  much  smaller  item  under  the  heading  of  caUs  in 
arrear.  We  all  of  us  know,  however,  that  in  the  City  of  London 
we  have  passed  through  a  very  critical  and  trying  time,  and  no 
doubt  many  have  found  it  very  difficult  to  meet  all  the  calls  upon 
them.  I  trust  that  in  next  year's  accounts  this  item  will  disappear 
altogether.  The  liability  for  trade  accounts  includes,  I  may  tell 
yon,  a  substantial  sum  for  reserve,  without  there  being  any 
apparent  probability  of  our  being  called  upon  to  use  it.  The 
capital  liability  of  £17}555  has  been  considerably  reduced,  in  fact, 
almost  paid  off,  since  September ;  but  there  are  still  out- 
standing liabilities  for  the  completion  of  our  Bushbury 
works  and  other  matters  which  are  in  course  of  adjust- 
ment and  settlement.  The  loan  on  provisional  debentures 
has  also  been  materiaJly  reduced  out  of  our  current  receipts. 
The  item  of  contingent  liabilities  is  one  dealt  with  in 
the  Auditors'  report.  Our  contract  for  the  equipment  of  the  Rath- 
bone-place  and  Manchester-square  stations  of  the  Metropolitan 
Electric  Supply  Company  is  now  almost  completed,  although 
there  is  a  responsibility  attached  to  the  running  of  the  machinery 
which  does  not  expire  for  some  time.  With  regard  to  the  liability 
on  shares  partly  paid  up,  there  is  not  much  probability  of  the  con- 
tingent liabilities  for  c^ls  becoming  actual  liabilities  to  any  great 
extent.    The  matter  ii  practically  in  our  own  hands,  and  oalla 


upon  our  resources  of  this  nature  would  arise  only  in  the  event  of 
such  a  development  of  business  on  the  part  of  subsidiary  com- 
panies as  would  be  a  matter  of  congratulation  for  all  of  us.  As  I 
nave  already  mentioned,  the  item  ctt  preliminary  expenses  has  been 
entirely  written  off,  and  will  not  appear  again.  Tumiiig  now  to 
the  credit  side  of  the  account,  you  will  notice  that  the  purchase- 
money  of  £397,300  has  been  reduced  by  the  value  of  stock  and 
book  debts.  This  is  a  matter  of  bookkeeping  only,  and  the  items 
reappear  below.  But  you  will  also  observe  that  tne  purchase  cost 
of  our  businesses  has  been  reduced  by  the  further  item  of  £100,000 
for  licenses  and  patent  sales,  and  this,  you  will  agree  with  me,  is 
not  a  mere  matter  of  bookkeeping,  but  one  of  considerable  satis- 
faction and  ooneratulation.  I  hope  this  policy  and  our  ability  to 
continue  it  will  appear  in  future  accounts.  Our  capital  ex- 
penditure since  the  acquisition  of  the  businesses.'has  been  practically 
limited  to  the  building  of  the  new  Bushbury  works. 

The  cost  of  these  works  has  been  great — much  greater  than  was 
originally  contemplated,  but  we  have  felt  ourselves  bound  to  meet 
the  requirements,  and  our  action  will,  I  am  sure,  be  justified  by 
the  increased  capacity  which  it  g^ves  us  for  carrying  out  work. 
I  think  this  policy  will  commend  itself  to  the  shareholders — tbat^ 
although  it  is  very  good  to  make  profits  by  means  of  subsidiary 
companies,  still  we  must  bear  in  mind  thac  we  must  look  for 
future  dividends  to  our  manufacturing  profits  ;  and  it  is,  there- 
fore, our  duty  to  put  this  Company  in  the  foremost  rank  of 
manufacturing  companies.  That  we  have  endeavoured  to  do.  It 
is  not  enough,  gentlemen,  that  we  should  have  a  character  for 
turning  out  good  work — that  we  have,  but  you  must  have  a 
reputation  for  turning  it  out  promptly,  punctually,  and  with 
despatch.  You  must  be  able  to  turn  out  a  large  amount 
of  work  in  a  short  time.  We  have  had  to  refuse  orders  in 
the  past  year  because  we  could  not  guarantee  ^uick  delivery.  I 
hope  that  that  will  never  occur  a^ain,  and  I  believe  that  we  have 
put  at  your  disposal  a  factory  which  can  be  extended  so  as  to  meet 
all  requirements  that  are  likely  to  be  made  upon  you  in  the  future. 
I  think  when  you  see  these  works—  and  we  had  hoped  to  meet  you 
there  to-day — you  will  a^^ree  with  us  that  your  money  has  been 
very  well  spent.  It  is,  m  my  opinion,  the  finest  factory  in  the 
world.  The  freohold  ground  on  which  it  stands  is  21  acres  in  area. 
The  works  themselves  occupy  a  space  of  over  six  acres.  There  is 
access  to  the  London  and  K^orth- Western  Railway  ad  joining  by 
means  of  a  siding,  and  the  canal  is  close  to  one  ena  of  the  place. 
There  is  excellent  water  on  the  property,  and  every  facility  for 
extending  the  works,  and  I  think  we  could,  if  we  chose,  dispose  at 
a  profit  of  any  ground  which  we  are  not  able  to  use  for  some 
years,  or  we  might  utilise  such  part  of  the  property  for  the 
DuUding  of  workmen's  cottages.  The  item  of  book  debts,  amounting 
to  £104,882,  includes  a  claim  upon  the  vendor  for  liabilities  <n 
the  business  purchased  paid  by  the  Corporation,  amounting  to 
£12,001  odd.  You  must  not  assume  this  to  be  a  case  of  over- 
payment to  the  vendor.  The  amount  which  we  paid  to  the  vendor 
tor  the  business  was  exactly  the  sum  which  we  contracted  to  pay  ; 
but  the  conditions  under  which  the  vendor  acquired  the  business 
of  the  Electrical  Power  Storage  Company,  and  the  conditions 
under  which  we  acciuired  the  business  from  the  vendor,  were  a 
little  different,  and  tnat  led  to  this  result,  which  is  satisfactory  to 
us  if  not  to  the  vendor.  The  vendor  purchased  the  business  at  a 
price  sufficient  to  pay  all  liabilities  and  a  certain  sum  to  the 
shareholders,  and  the  calculation  was  apparently  based  upon  the 
accounts  as  they  stood  at  the  previous  stocktaking.  We 
purchased  the  proiierty  from  the  vendor  at  a  fixed  sum,  free 
from  liabilities.  Now  it  happened  that  between  the  period  of  the 
stocktaking  and  the  purchase  there  had  been  an  augmentation  of 
business,  which  is  not  always  usual  in  the  case  of  businesses 
handed  over  to  companies  ;  and  the  result  was  that  the  assets  and 
the  liabilities  in  respect  to  those  assets  were  alike  increased.  Of 
course,  we  took  over  the  assets  in  accordance  with  our  contract, 
and  it  was  the  duty  of  the  vendor  to  discharge  all  the  liabilities. 
Having  regard  to  the  difficulties  of  such  a  course  in  a  current 
business,  provision  was  made  in  our  contract  that  in  the  event  of 
our  discharging  any  of  the  liabilities,  the  vendor  would  recoup  us 
the  amount.  Probably  the  vendor  may  have  been  surprised  that 
the  amount  was  so  large,  but  the  matter  was  gone  into  and 
equitably  settled,  and  since  the  date  of  our  report  the  claim  has 
been  settled.  I  do  not  think  I  have  any  further  remarks  to  make 
abut  the  accounts. 

Looking  at  the  numerous  applications  which  are  being  made  all 
over  the  country  for  provisional  orders,  and  the  steady  proppreae 
that  has  already  been  made  by  the  different  supply  companies,  I 
do  not  think  we  can  have  any  doubt  as  to  the  future  of  the  electrio 
light.  But  great  as  the  field  is  in  this  respect,  I  think  it  is  likely 
to  be  eclipsed  by  the  demand  that  will  be  made  for  electricity  for 
other  purposes.  There  are  not  wanting  signs  of  activity  in  other 
branches  where  electric  energy  can  be  lulvantageously  applied.  In 
America  the  motor  industry  is  even  greater  than  thiat  oi  electric 
light.  The  electric  light  is  said  to  be  a  luxury,  the  time  will  come 
when  it  will  be  a  necessity.  But  in  the  case  of  electric  power  we 
are  not  only  better  than  anybody  else,  but  we  are  cheaper.  That 
is  where  I  have  great  belief  in  the  transmission  of  power  by  eleo- 
tricity.  I  went  over  a  factory  the  other  day,  and  the  manager 
said  to  me.  Every  new  shed  I  erect,  every  new  machine  I  put 
down,  I  shiUl  convey  the  power  to  it  by  electricity.  At  the  Bush* 
bury  works  we  use  electricity  for  the  cranes,  saws,  lathes,  and 
heavy  machinery.  There  is  one  point  on  which  we  have  been  a 
little  disappointed  —  that  is  in  connection  with  train 
lighting.  Now,  with  my  failing  sight,  I  speak  feelingly  ae 
to  'train  lighting.  Anyone  going  by  the  five  o'clock  train 
from  St.  Pancras  must  be  convinced  at  once  of  the  beauty 
and  superiority  of  this  method  of  lighting  the  trains.  In  dealing 
with  directors  of  railway  companies,  you  are  dealing  with  a  wry 
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oonservatiTe  body  of  men,  who  are  more  likely  to  look  at  first  cost 
than  the  convenienoe  of  their  passengerB  ;  but  I  hope  if  any  of  you 
are  shareholders  in  railway  companies  ^ou  will,  at  their  next 
meeting,  impress  upon  them  the  desirability  of  introducing  this 
beautiful  illuminant  into  their  service.  We  have  been  more 
fortunate  with  traction.  By  the  assistance  of  Mr.  Smith — than 
whom,  perhaps,  there  is  no  better  authority  in  this  kingdom— we 
have  been  aole  to  introduce  a  series  of  electrical  tramcars  at 
Birmingham,  where  they  are  now  working,  and  I  believe,  in  a  ^ery 
satisfactory  manner.  I  hope  this  is  only  one  of  a  long  series  of 
similar  installations  all  over  the  country.  Seeing  that  we  have 
these  developments  in  electricity  going  on  in  every  direction,  and 
bearing  in  mind  that  we  have  important  contracts  ahead,  and  that 
we  have  incurred  a  large  expenditure  on  these  new  works,  we 
think  the  time  has  come  when  you  should  entrust  us  with  more 
capital.  We  should  have  asked  for  this  before,  but  the  time  has 
not  been  propitious,  and,  acting  on  the  advice  of  our  financial 
advisers,  we  nave  put  it  ofif.  In  order  to  enable  us  to  secure  the 
full  advantage  of  what  I  hope  will  be  a  great  boom  in  electric 
lighting  and  traction,  we  propose  to  issue  £150,000  in  6  per  cent, 
debentures.  We  have  postponed  this  as  long  as  possible,  but  we 
think  we  should  now  be  neglecting  your  interests  if  we  did  not 
make  the  issue  early  next  year  at  least.  We  assume  that  these 
debentures  will  be  to  a  lan^e  extent  taken  up  by  the  shareholdeis  ; 
and  I  can  assure  you  the  Directors  will  be  quite  prepared  to  take 
more  than  their  share  if  necessary.  There  will,  of  course,  be  a 
public  issue,  in  order  to  obtain  a  Stock  Exchange  quot<ation  later 
on  for  them  ;  but  our  own  shareholders  will  receive  the  preference. 
(A  Shareholder  having  apparently  misunderstood  the  Chairman, 
he  added) — You  are  all  aware  that  we  have  a  Stock  Exchange 
quotation  for  our  shares.  That  is  all  I  have  to  say,  and  I  now 
move  the  adoption  of  the  report  and  accounts. 

This  was  seconded  by  Mr.  J.  S.  Batfonr,  M.P.,  vice-chairman. 

Mr.  Maader  said  that  he  and  his  friends  having  a  considerable 
interest  in  the  Company,  he  was  naturally  anxious  for  its  welfare. 
He  was  glad  to  be  able  to  confirm  a  good  deal  that  Sir  Henry 
Mance  had  said  about  the  works  at  Wolverhampton,  as  he  (the 
speaker)  lived  there,  and  knew  this  Company  and  its  predecessor. 
They  certainly  had  down  there  one  of  the  finest  works  in  the 
country.  It  was  very  improbable  that  there  were  any  other  works 
so  well  carried  out,  and  so  amply  provided  with  the  means  of  com- 
pleting orders.  This  was  largely  to  be  credited  to  the  Directors 
and  the  works  director,  Mr.  Parker.  The  latter  had  been 
known  to  him  for  manv  years,  and  in  the  opinion  of  the  speaker 
and  his  friends,  as  well  as  of  leading  electricians,  he  was  one  of 
the  most  capable  electricians  in  the  country.  He  also  knew  him  to 
be  a  man  of  the  highest  honour,  and  therefore  he  had  ventured  to 
send  a  notice  to  the  Chairman  that  he  would  propose  Mr. 
Parker  as  a  director  to  occupy  the  position  of  sir  Douglas 
Fox,  whose  departure  he  greatly  regretted.  Mr.  Parker's  election 
would  give  satisfaction  to  many  of  uie  shareholders  in  the  country, 
but  they  would  leave  it  to  the  judgment  of  the  Board.  As  re- 
garded the  general  balance-sheet,  he  certainly  found  it  very 
aijfficult  as  a  young  man,  and  one  well  experienced  in  his  own 
business,  but  not  in  that  of  public  companies,  to  ofifer  any  criticism 
upon  it.  They  would,  however,  excuse  him  if  he  said  that  when 
he  and  his  friends  intcnrested  themselves  in  that  Company,  it  was 
because  they  had  the  greatest  possible  faith  in  the  future  of 
electricity,  and  believed  in  a  genuine  manufacturing  concern. 
What  had  cost  them  anxiety  was  that  the  Directors  hwi  thought 
wise  to  depart  from  this  policy.  It  looked  as  if  the  Company 
were  becoming  a  comiiany-promotin^  company,  as  already  three  sub- 
sidiary concerns  had  appeared  with  large  capitals.  He  would 
like  to  know  what  had  been  received  in  actual  cost  for  the  sales  of 

gbtents,  and  how  much  in  shares  in  these  subsidiary  companies, 
e  would  have  thought  it  better  to  retain  the  rights  of  manufac- 
ture which  they  had  such  ample  means  of  dealing  with  at  Wolver- 
hampton, where  the  works  could  not  be  fully  occupied  for  years  to 
come.  Beyond  that,  he  would  like  to  ask  as  to  the  heeid  office 
expenses.  It  seemed  to  him  that  these  and  the  **  other  expenses," 
some  £18,000,  were  very  enormous.  He  was  glad  the  item  of 
£12,000  had  been  settled.  He  asked  as  to  the  rate  paid  for  loans, 
because  the  item  of  nearly  £5,000  (£4,837.  18s.  7d. )  seemed  to  him 
extraordinary  ?  Also,  had  the  whole  of  the  shares  been  p>aid  in 
cash,  or  had  some  been  paid  in  bills  which  had  since  been  met  ?  As 
a  manufacturing  concern  he  had  the  greatest  belief  in  this 
Company,  and  he  would  venture  to  suggest  that  if  the  Directors 
confined  themselves  to  that  sphere  there  would  be  nothing  but 
prosperity  before  them.  But  he  regarded  with  infinite  dislike  the 
idea  of  being  connected  with  a  company  that  launched  forth  into 
the  practice  of  company-mongering,  which  brought  discredit  to 
those  connected  with  it. 

Dr.  Dryadale  asked  whether  electricity  was  likely  to  be  used  in 
London  on  the  tramways  soon.  Mr.  Carpenter*  who  had  been  in 
America,  had  told  him  that  in  Boston  ana  most  other  cities  every- 
thing was  done  by  electricity  in  the  way  of  tramways,  and  ne 
hoped  the  Company  would  procure  the  adoption  of  electric  traction 
in  the  streets  of  London. 

Mr.  Buioook  endorsed  strongly  the  remarks  made  by  Mr. 
Mander ;  he  did  not  like  the  Company  forming  subsidiary  ones 
and  taking  payment  in  shares.  At  the  formation  of  that  Company 
something  like  £360,000  was  paid  in  cash,  out  of  which  sometning 
like  £100,000  to  £105,000  was  left  to  work  the  business.  He 
could  quite  understand  that  the  Company  required  more 
money,  if  that  £100,000  represented  cash  as  working 
capital.  Wit'i  regard  to  the  issue  of  the  debentures, 
it  was  a  serious  question  for  shareholders  that  they  should  be 
issued  at  6  per  cent.  He  did  not  agree  with  the  shares  of  the  sub- 
sidiary companies  having  been  taken  as  an  asset  at  par,  and  would 
be  far  more  satisfied  if  toe  Directors  had  placed  a  larger  sum  to 


reserve.  It  was  a  most  serious  question  for  them  to  consider  that 
so  large  a  portion  of  their  hard  cash  stood  in  the  shape  of  patents. 
Some  of  these  had  run  for  a  considerable  time,  ana  othere  could 
not  have  many  more  years  to  run,  and  by  the  time  theee  ran  out 
they  ought  to  have  in  reserve  a  fund  that  woold  redeem  the 
amount.  He  made  these  remarks  in  no  unfriendly  spirit.  He  had 
subscribed  largely  to  the  Company  i  he  had  great  faith  in  many  of 
the  Directors.  There  was  no  Question,  seeing  how  it  waa  worked 
out,  that  they  were  too  liberal  in  the  amount  they  paid  for  the 
Company.  At  the  same  time,  he  had  no  doubt  whatever  that  there 
wasa  future  and  a  good  and  very  profitable  one  before  that  Company, 
on  this  condition,  that  the  Directors  of  the  Company  stuck  to  it  as 
a  manufacturing  company,  and  that  only  ;  that  they  should  not 
fsrm  any  more  subsidiary  companies,  and  take  shares  in  these 
companies  in  return  for  the  hard  sovereigns  they  (the  shareholdere) 
paid  to  them.  Both  electric  lighting,  traction,  and  accumulaton 
were  businesses  only  in  their  infancy,  and  might  easily  multiply 
fivefold  in  four  or  nve  years.  He  was  a  large  shareholder,  and 
intended  to  stick  to  his  shares  for  some  time  to  come,  because  he 
bdieved  that  although  they  had  not  received  that  reward  whidi 
they  were  entitled  to  expect  from  the  prospectus,  yet  that  the 
reason  given  by  the  Directors  was  a  sufficient  one — ^viz.,  that  they 
had  been  devoting  their  time  to  building  up  works  to  obtidn  an 
increased  out-turn. 

Mr.  Jndd  congratulated  the  Directors  upon  the  result  of  16 
months'  trading  and  work  in  the  comparatively  new  field.  It  was 
felt  by  many  that  the  experimental  stages  of  the  applications  of 
electricity  to  various  purposes  had  stUl  more  difficulties  to  go 
through  than  it  had  suffered  from  already.  Despite  this  notion, 
they  had  reached  their  present  point,  which  was  surely  matter  fnr 
congratulation.  In  reference  to  the  criticisms  and  objections  that 
had  been  made,  might  it  not  be  that  the  formation  of  these  com- 
panies was,  in  the  wisdom  of  the  Directors,  decided  upon  because 
they  desired  to  keep  themselves  to  manufacturing  business.  Poesi- 
bUities  beyond  their  previous  conception  had  come  in  view,  and 
being  desirous  of  connnmg  themselves  to  certain  work,  they  had 
disposed  of  that  which  would  hamper  them.  As  to  the  critidsms 
in  relation  to  taking  shares  In  subsidiary  companies,  when  they 
knew  that  that  was  provided  for  by  the  £100,(X)0  which  less  scru- 
pulous Directors  might  have  appropriated  to  revenue  acooant, 
and  that  there  was  £15,000  out  of  profits  to  devote  also  to  that 
amount,  he  did  not  think  that  they  could  very  much  complain.  He 
thought  that  they  might  not  only  congratulate  themselves  upon  a 
most  successful  16  months  in  the  past,  but  anticipate  a  magnificent 
future  if  t.hey  had  but  faith,  criticised  fairly  and  kindly,  and  ^stuck 
to  their  Directors. 

Mr.  Mander  said  thftt  as  a  proof  of  his  6011a  fides  he  might  men- 
tion that  he  held  (himself  and  partner)  as  many  shares  as  any  two 
shareholders  in  the  Company,  and  he  had  lighted  his  bouse  and 
works  by  electricity.  Would  it  not  be  possible  to  move  the 
Millwall  works  down  to  Wolverhampton,  and  thus  effisct  a  con- 
siderable economy  ?  As  far  as  he  could  make  out,  they  had  paid 
£150,000  more  than  was  actually  paid  to  those  who  sold  the 
various  companies  to  them.  It  made  it  therefore  the  more 
important  that  the  Directors  should  not  inflate  their  capital  any 
more,  either  in  the  direction  of  subsidiary  companies  or  in  any 
other  way.  He  would  like  to  know  whether  Sir  Douglas  Fox  left 
the  Board  entirely  through  pressure  of  eng^agements,  or  because 
of  the  formation  of  subsidiary  companies. 

Mr.  J.  Spenoer  BaUirar,  as  chairman  of  the  Finance  Committee, 
answered  the  questions  put,  and  said,  as  to  Sir  Douglas  Fox 
leaving  the  Board,  he  could  not  conceive  how  it  could  have  been 
suggested  to  the  last  speaker  to  put  such  a  question,  because,  ao 
far  as  he  knew,  since  the  Board  had  been  established,  Sir  Douglaa 
had  never  indicated  any  dissatisfaction.  He  believeid  Uie  reason 
given  for  his  resigning  was  the  true  one — vis.,  he  had  not  the  time 
to  attend  to  the  growing  affairs  of  the  Corporation.  Sir  Douglai 
was  a  great  engineer,  and  had  to  run  about  all  over  Europe,  so  it 
was  impossible  for  him  to  ^ive  the  close  and  minute  attention  to 
the  Company's  affairs  which  a  Chairman  ought  to  give.  And 
without  wishing  to  draw  any  comparison  (Sir  Douglas  was  his 
personal  friend)  lie  could  but  say  that  the  Corporation  were  great 
gainers  in  securing  the  services  of  Sir  Henry  Mance,  who  was  by 
no  means  the  least  valuable  asset  the  Company  possessed.  He  was 
there  every  day,  was  well  known  in  the  electriciBd  world,  had  time 
to  attend  to  their  affairs,  and,  in  reality,  they  gained  another 
Managing  Director  in  him.  As  to  the  moving  of  Millwall  works, 
he  hoped  the  time  would  come  when  they  would  be  able  to 
concentrate  the  whole  of  the  works  at  Wolverhampton.  It  was 
so  obvious  that  this  would  be  desirable,  that  Mr.  Mander  ought  to 
have  given  the  Board  credit  for  having  thought  of  it  from  the 
first.  On  the  other  hand,  the  transm  of  a  big  undertaking 
receiving  orders  every  day,  was  a  very  serious  and  expensive  task. 
The  works  had  only  just  been  finishea,  and  he  thought  they  were 
indebted  to  Mr.  Parker  and  everybody  for  the  success  with  which 
they  had  been  able  to  shift  over  from  one  works  to  another  at 
Wolverhampton.  He  thought  there  had  been  some  misunder- 
standing about  the  formation  of  subsidiary  companies,  and  he 
thanked  Mr.  Judd  for  the  way  in  which  he  had  put  the  matter, 
which  was  the  correct  way.  They  had  some  patents  of  enormouB 
value,  but  patents  of  that  sort  required  development.  In  some 
cases  hostile  interests  had  to  be  conciliated ;  in  others,  other 
inventors  had  to  be  brought  in  to  assist,  and  in  these 
cases  it  was  absolutely  impossible  for  the  Company  to  go 
on  with  its  ordinary  work  if  it  had  to  run  these  patents  too. 
It  was  only  in  these  cases  that  the  Company  sought  to  encoura^ 
the  sale  of  patente  to  subsidiary  companies,  and  the  sales  had  been 
made  on  such  terms  as  would  secure  to  that  Corporation  its  full 
share  of  the  value  of  these  patents  as  the  Companies  came  to  be 
developed.  He  was  not  a  director  of  any  subsidiary  companies.  Ee 
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did  not  think  any  Director  of  that  Board  received  any  such  salary 
(£1,500)  as  had  been  mentioned.  The  only  one  the  question  could 
apply  to  was  Mr.  Irving  Courtenay,  who  was  a  director  of  the 
Foreign  and  Colonial  Company.  But  he  was  a  director  on  that 
board  before  he  joined  this  Board.  How  on  earth  could  they  be 
simply  manufacturers  if  the  time  of  that  Board  was  taken  up  with 
sending  people  to  Rome,  Madrid,  or  Constantinople.  Surely  it 
was  better  that  this  business  should  be  dealt  with  by  separate 
companies.  With  r^ard  to  head  office  expenses  they  must  remem- 
ber that  they  related  to  16  months,  whereas  the  profits  only 
related  to  12  months.  But  he  had  already  proposed 
to  the  Board  to  overhaul  the  whole  of  the  heaid  office 
expenses  with  a  view  to  see  whether  economies  could 
not  be  practised.  It  was,  however,  extremely  difficult  to  cut  office 
expenses  down  to  the  ordinary  level  of  ordinary  business.  They 
were  asked  to  name  a  price  for  equipping  a  tramway  or  an  electric 
light  installation.  They  had  to  send  a  man  down  to  report  on  such 
a  matter,  who  had  to  eet  out  the  figures,  to  arrange  the  drawings, 
to  meet  the  various  legal  authorities,  and  that  man  must  be  in 
manner  and  bearing  a  gentleman ;  he  must  be  a  highly-paid 
officiaL  These  expenses  must  inevitably  be  high  if  they  were  to 
retain  some  of  the  most  profitable  parts  of  their  business.  He 
was,  however,  in  favour  of  keeping  head  office  expenses  down.  He 
thought  they  should  remember  that  the  accounts  had  not  been 
^ot  up  or  cooked  by  the  Directors.  They  had  had  their  Auditors 
from  the  first,  who  gave  them  a  continuous  audit  from  day 
to  day  and  week  to  week,  a  firm  of  independent  account* 
ante.  The  policy  of  the  Board  had  been,  if  necessary,  to 
over-estimate  every  source  of  expense,  and  to  under-estimate 
every  source  of  profit,  so  that  they  could  bring  forward  accounts 
that  they  could  all  vouch  for.  He  agreed  that  6  per  cent,  was  a 
good  amount  to  pay  on  debentures.  He  thought  shareholders 
would  realise  if  tbey  watched  the  market  that  most  industrial 
companies  had  still  to  pay  6  per  cent,  on  their  debentures.  How- 
ever, they  could  make  it  nve  as  easily  as  possible  if  the  share- 
holders would  take  the  debentures  up  at  that  rate.  The  Direc- 
tors were  ready  to  do  this  if  the  shareholders  were.  As  to  tram- 
way and  electric  traction,  he  was  talking  to  one  of  the  best  known 
engineers  in  the  North  of  England  lately,  and  he  volunteered  the 
statement  that,  having  seen  the  electric  tramcars  at  Birmingham, 
he  considered  the  question  of  traction  solved,  and  regard^  the 
working  there  as  redounding  to  the  Corporation's  credit.  A 
ouestion  had  been  asked.  Had  all  the  calls  been  paid  for  in  cash  ? 
Of  course  all  the  capital  had  to  be  met  in  cash.  In  some 
cases  they  took  acceptances  which  had  been  met  on  maturity. 
As  to  borrowing  they  had  not  done  so  except  from  their  bankers, 
who  charged  ordinarv  rates  of  interest.  A  gentleman  had  supposed 
that  they  had  only  borrowed  £40,000.  They  had  from  time  to 
time  borrowed  very  much  larger  sums,  and  at  one  time  they  owed 
£140,000.  So  far  as  his  friends  and  he  were  concerned  they  owned 
a  third  of  the  capital  of  the  Company.  They  had,  however,  seen 
nothing  to  make  them  doubt  its  ultimate  success,  and  so  far  as  the 
report  was  concerned  they  had  taken  every  pains  to  secure  for  the 
shareboidera  an  honest  and  absolutely  trustworthy  one. 

The  GbalrBuui :  I  think  the  whole  of  your  questions  have  been 
answered  by  the  Deputy-Chairman,  and,  with  your  permission,  I 
will  propose  that  the  report  of  the  Directors  and  the  accounts 
annexed  thereto  be,  and  the  same  are  hereby,  received  and  adopted. 

This  was  seconded  by  llr.  Balfour  and  carried  unanimously. 

The  Clialxiiiaii  next  moved  the  declaration  of  the  dividend  as 
proposed  in  the  repox't. 

This  was  seconded  by  Mr.  J.  8.  Balfour,  1I.P.,  and  carried 
nem.  die. 

The  dudrman  then  said  his  next  duty  was  the  pleasing  one  of 
asking  them  to  re-elect  the  four  Directors  named  in  the  report — 
viz.,  Sir  Daniel  Cooper,  and  Messrs.  Balfour,  Courtenay,  and 
Dibley. 

Dr.  Urymdmlio  seconded. 

Mr.  BCandar  moved  the  election  of  Mr.  Parker  as  a  director. 

The  Cbaimaii  said  that  Mr.  Mander  could  vote  against  the 
motion,  but  he  was  not  in  order  in  proposing  Mr.  Parker. 

Mr.  Wander  said  he  proposed  htm  in  addition  to  the  others, 
and  his  motion  having  toou  seconded, 

A  Sliarebolder  suggested  that  the  Directors  should  give  their 
opinion  on  the  matter. 

lUr  Daniel  Cooper,  in  returning  thanks  for  his  re-election, 
said  that  he  was  connected  with  the  old  E.P.S.  Com- 
panv  for  seven  years,  and  was  a  co-director  of  Mr.  Courtenay's 
on  that  company,  and  he  could  bear  out  what  the  Deputy-Chairman 
had  said  with  regard  to  foreign  patents.  Most  of  their  attention 
and  time  had  been  given  to  toe  E.P.S.  foreign  patents,  and  these 
had  given  them  the  most  annoyance  and  dissatisfaction.  He 
believed  dozens  of  agreements  were  made  with  these  foreigners, 
but  they  all  came  to  be  a  waste  of  time,  and  the  idea  of  anyone  in 
London  trving  to  work  patents  on  the  Continent  was  a  mere  delu- 
sioD.  If  their  subsidiary  companies  succeeded  they  were  certain 
to  get  something,  but  the  ouier  way  it  was  impossible  to  get 
anything.  This  did  not  shape  as  company-mongering.  He  would 
not  sit  at  that  Board  for  a  moment  if  they  went  into  anything  of 
the  kind.  Subsidiary  companies  brought  out  by  company- 
mongers  were  only  traps  to  get  money  out  of  the  publia  Neither 
himself  nor  any  other  member  of  the  Board  would  be  mixed  up 
with  anything  of  the  kind  for  a  moment.  As  to  himself  and  Mr. 
Courtenay,  he  explained  that  they  came  over  with  the  old 
E.P.S.  Company,  and  were  almost  like  an  asset.  They 
brought  their  seven  years'  experience  with  them,  and  had 
worked  as  hard  as  any  of  the  Directors  for  the  Corporation 
Mr.  Courtenay  was  managing  director  of  the  E.P.S.,  and  had  an 
agreement  with  them  for  a  certain  number  of  years,  and  they 
would  have  had  to  pay  him  a  considerable  sum,  bat  the  Corpora- 


tion had  not  paid  him  one  penny.  He  was  serving  as  managing 
director  of  tne  Foreign  Patents  Company,  and  was  paid  for  his 
services  by  them.  As  to  Mr.  Parker's  election  to  the  Board,  he 
was  very  sorry  that  the  question  had  been  raised.  Mr.  Parker 
was  the  chief  working  servant  of  the  Company,  and  he  wished 
them  to  understand  that  he  had  as  good  a  feeling  towards  him  as 
anyone  in  the  room  or  at  Wolverhampton,  but  he  would  not  sit  at 
that  Board  if  an  officer  of  the  Company  was  to  sit  alongside  of 
him.  It  was  impossible,  and  the  principle  would  apply  to  the 
smallest  boy  in  the  establishment.  Supposing  Mr.  Parker  and  the 
Company  disagreed.  He  would  be  his  own  master.  It  would  be 
placing  him  in  a  false  position.  He  did  not  say  he  would  not  sit 
at  the  table  with  any  paid  servant  of  the  Company  ;  he  did  not 
mean  to  degrade  Mr.  Parker,  but  it  was  impossible  to  control  the 
Company  properly  if  anyone  came  in  that  capacity  to  the  Board. 
He  hopea  the  shareholders  would  back  up  tne  Board.  He  didn't 
mind  saying  that  this  sort  of  thing  woula  break  up  the  Company 
altogether. 

A  Sbareliolder  having  expressed  the  same  views  as  Sir  Daniel 
Cooper,  and  llr.  Balfonr  having  expressed  the  hope  that  Mr. 
Mander  would  not  persist  in  the  matter, 

Mr.  Mander  said  he  did  not  wish  to  do  anything  contrary  to 
the  wish  of  the  Board  and  shareholders.  He  thought  Mr.  Parker's 
election  would  be  to  the  best  interests  of  the  Company,  and  he 
would  be  in  the  same  p>osition  as  Mr.  Smith. 

The  Chalrauui  said  the  speaker  was  quite  wrong.  Mr.  Smith 
drew  a  large  salary  (and  earned  it  too),  but  only  haa  a  seat  on  the 
Board.  He  was  not  an  elected  Director,  and  had  no  vote.  Besides, 
he  did  not  know  how  far  Mr.  Parker's  agreements  with  them  would 
be  compatible  with  a  seat  at  the  Board.  This  matter  had  been 
sprung  on  the  Board,  and  they  could  not  elect  Mr.  Parker  legally 
tnat  day,  the  necessary  notice  not  having  been  given. 

Mr.  Mander  objected  to  the  expression  **  sprung  on  the  Board." 
He  had  given  the  Chairman  notice  some  days  berore.  However, 
he  would  withdraw  his  motion. 

The  election  of  Directors  mentioned  above  was  then  agreed  to. 

The  Auditors  (Messrs.  Broads,  Paterson,  and  Co.)  having  been 
re-elected,  the  meeting  terminated  with  the  usual  vote  of  thanks 
to  the  Chairman. 


REUTER'S  COMPANY. 


On  Saturday  last  an  extraordinary  general  meeting  of  this  Com* 

gany  was  hela  at  the  offices.  Old  Jewry,  Admiral  the  Right  Hon. 
ir  J.  C.  D.  Hay  in  the  chair,  to  consider  resolutions :  (1)  for 
increasing  the  capital  to  £1(X),(XX)  by  the  creation  of  2,500  new 
shares  of  £8  each  ;  and  (2)  for  altering  the  provisions  of  the  memo- 
randum of  association  with  respect  to  the  objects  of  the  Company 
by  substituting  for  certain  sub-sections  of  the  memorandum  other 
sections  authorising  the  Companv  to  extend  their  operations,  to 
carry  on  the  business  of  general  advertisement  contractors  and 
advertising  agents  in  all  its  branches,  and  to  construct,  purchase, 
or  otherwise  acquire  or  work  telegraphs  and  telephones  tor  any  of 
the  Company's  purposes. 

The  Chairman  stated  that  they  had  to  incur  considerable 
expense  in  keeping  abreast  with  the  growing  demands  for  tele- 
graphic intelligence,  but  at  present  their  capital  was  adequate  for 
all  purposes  connected  with  that  branch  of  business  so  far  as  it 
was  necessary  to  provide  agents  and  correspondents  with  funds. 
It  might  be  found  advisable,  in  the  interest  of  their  subscribers,  to 
supplement  existing  services  with  special  accounts  of  remarkable 
events,  trials,  fires,  etc. ,  on  a  larger  scale  than  had  hitherto  been 
considered  necessary,  or  within  the  scope  of  their  general 
service.  These,  however,  would  be  the  subject  of  further  con- 
sideration in  conjunction  with  the  newspapers  themselves,  and 
would,  doubtless,  be  met  by  contributions  which  would  recoup 
the  outlay  of  the  Company.  The  primary  object  of  the  proposed 
alteration  of  their  memorandum  of  association  and  the  increase  of 
their  capital  was  to  enable  them  to  undertake  a  class  of  business 
for  which  their  organisation  seemed  particularly  adapted — namely, 
the  collection  of  advertisements  for  the  newspapers  who  were  their 
supporters.  The  idea  had  long  been  entertained  by  their  Manag  \ 
ing  Director.  With  agencies  in  all  the  capitals  of  the  world,  who 
were  brought  into  direct  communication  with  the  newspapers,  the 
0>mpany  had  exceptional  means  of  establishing  an  international 
advertising  business  on  a  large  scale,  with,  they  oelieved,  immense 
advantage  to  their  subscribers.     Some  apprehension  had  been  ex- 

Cressed  in  certain  quarters  that  the  working  of  an  advertisement 
usiness  might  prove  detrimental  to  the  telegraphic  service,  inas- 
much as  the  latter  had  to  deal  with  financial  affiiirs  and  many 
things  that  advertisers  might  influence.  Upon  this  matter,  they 
would  only  point  to  their  reputation,  and  ask  if  it  was  likely 
that  the  Directors  would  commit  the  suicidal  folly  of  allowing  any 
advertiser  to  influence  the  impartiality  which,  they  might  say, 
had  been  the  characteristic  of  their  service  since  its  creation. 
Indeed,  it  had  been  made  a  ground  of  reproach  that  their  impar- 
tiality bad  been  carried  to  such  a  length  that  the  events  they 
recorded  were  too  dry.  As  a  safeguard,  nowever,  it  was  proposed 
to  keep  the  telegrams  strictly  apart  from  the  advertising  branch, 
and  a  separate  staff  would  manage  the  latter  in  separate  offices. 
They  had  taken  preliminary  steps  abroad  in  conjunction  with  the 
largest  advertising  agency  on  the  Ck>ntinent,  and  as  soon  as  they 
had  obtained  the  shareholders'  approval  of  the  resolutions  now 
submitted,  and  the  sanction  of  tne  High  Court,  they  would  be 
ready  to  start  the  new  machinery. 

In  addition  to  advertisement  business,  they  believed  it  might 
be  found  profitable  to  undertake  telephonic  and  other  services, 
which  would  become  feeders,  as  it  were,  of  their  trunk  system. 
In  short,  the  enlarged  powers  they  sought  to  obtain  would  enable 
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them  to  extend  their  bnsiness  in  many  directions  that  were  now 
barred  by  their  restricted  memorandam  of  association. 

On  the  motion  of  the  GShalmuyi,  seconded  by  Baron  da  Bmiter, 
the  resolations  were  onanimously  adopted. 


) 


FOWLER-WARING  CABLES  COMPANY. 

The  second  ordinary  general  meeting  of  this  Company  was  held 
at  Winchester  House,  Old  Broad-street,  on  Friday,  the  5th  inst., 
Mr.  WUliam  Fowler  in  the  chair. 

The  Chaimiaii  regretted  that  in  consequence  of  unexpected 
delays  they  had  not  made  greater  progress  since  their  meeting  a 
year  ago.  He  was,  however,  glad  to  be  able  to  inform  them  t£at 
they  had  now  obtained  what  it  had  always  been  their  intention  to 
have— namely,  a  factory  in  most  excellent  order,  and  ready  to  do 
a  rery  large  and,  he  believed,  profitable  business  in  the  future. 
They  had  also  obtained  the  services  of  an  admirable  manager, 
who,  being  resident  at  the  factory,  would  be  able  to  maintain 
continual  supervision,  which  was  of  the  utmost  importance.  He 
urged  shareholders  to  visit  the  factory  ;  and  anyone  who  had  the 
slightest  knowledge  of  the  subject  would  be  thoroughly  satisfied 
with  the  superior  quality  of  the  work  if  he  inspectea  the  samples 
at  the  Lonaon  offices.  As  the  Directors  had  made  no  profit  for  the 
shareholders  in  the  past  year  they  had  taken  no  fees  for  them- 
selves, although  they  had  done  a  great  deal  of  hard  work  for  the 
Company.  If,  however,  the  present  should  prove  to  be  a  good 
year,  perhaps  the  shareholders  might  feel  inclined  to  consider  the 
question  of  remunerating  the  Directors  for  their  services  not  only 
in  the  current  year  but  in  the  past  year.  He  would  move  the 
adoption  of  the  renort. 

lliis  was  seconded  by  the  Hon.  J.  8.  Oatlionie  Hardy,  M.P., 
and  carried  unanimously. 


NEW  COMPANIES  REGISTERED. 


Qeneral    Antomatto    Company,     Umited. — 

Registered  by  Andrew,  Wood,  and  Co.,  8,  Oreat  James-street, 
Beaford-row,  with  a  capital  of  £20,000  in  4,000  ordinary  shares  of 
£5  and  40  founders'  shares  of  £1  each.  Object :  to  acquire 
certain  patents  for  the  invention  of  improvements  in  automatic 
electrical  tell-tale  apparatus,  in  accordance  with  an  agreement 
made  August  26  between  W.  T.  W.  Thackeray,  J.  Huer,  and  J. 
Davies,  as  vendors,  of  the  one  part,  and  J.  Knowles,  as  purchaser 
on  behalf  of  the  Company,  of  the  other  part.  There  shall  not  be 
less  than  three  nor  more  than  seven  Directors.  The  first  are : 
Lieut. -Col.  W.  F.  Despard,  25,  Hampstead-hill-gardens ;  A. 
McKeand,  11,  Pancras-Iane,  £.C. ;  T.  C.  St.  Andrew  St.  John, 
119,  Canfield-gardens,  West  Hampstead ;  and  Thomas  Wilkins, 
6,  St.  Helens-place,  E.C.  Qualincation,  £100.  Remuneration  r 
Chainnan  £3.  Ss.,  and  other  Directors  £2.  2b.  each  for  every  board 
attendance. 


PROVISIONAL  PATENTS,  1890. 


Dkosmbeb  1. 

19552.  Improvements  In  telephonlo  apparatus,  the  improved 
magnets  of  whioli  may  be  need  In  other  eleotrioal 
apparatna  or  machinery.  Robert  Henelade  Courtenay, 
17,  Blondell-street,  Battersea-park-road,  London. 

19555.  A  portable  room  for  telephone.  Frederick  Augustus 
Oetzmann,  67,  Hampstead -road,  London. 

Dboehber  2. 

19601.  Conneeting  and  regulating  telegraph,  telephone,  or 
eleetrie  lighting  wires.  William  Griffiths,  42,  Tenby-street, 
Cardiff. 

19660.  Improvements  in  the  distrlbntion  of  eleotrieity  throngh 
aoonmnlator  batteries.  Siemens  Bros,  and  Co.,  Limited, 
28,  Southampton-buildings,  London.  (Siemens  and  Halske, 
Germany. ) 

19665  Improvements  in  and  relating  to  eleetromagnetio  trac- 
tion inoreasing  apparatna  for  railways.  Mark  Wesley 
Dewey,  45,  Southampton-buildings,  London.  (Complete 
specification.) 

Decbmbkr  3. 

19724.  Improvements  in  oarriers,  supports,  or  galleries  for  the 
shades  or  globes  of  eleotrie  lights  or  gaa  lamps  Victor 
Silberberg,  226,  High  Holborn,  London. 

19740.  Improvements  in  oolnmn  printing  telegraph  reoeivers. 

Frederick    Herbert    William    Higgins,    24,   Southampton- 
buildings,  London. 
19744.  Improvements  in  and  relating  to  eleetrie  belts  and 
similar     applianoes.       Cornelius    Bennett    Harness,    45, 
Southampton-buildings,  London.     (Complete  specification.) 

Deoembeb  4. 

19762.  Improvements  in  and  conneoted  with  eleotrioally 
indioating  pressure  gauges.  William  Colin  Morison,  1, 
Albert-square,  Great  Yarmouth. 

19806.  Improvements  in  oirouit  oontroUers  or  switohes  for 
inoandeseent  eleotrio  lamps. '  Norman  Marshall,  45, 
Southampton-buildings,  London.     (Complete  specification.) 

19811.  Improvements  In  apparatus  for  use  in  propelling 
vshieies  toy  eleotrieity.  Frank  Wynne,  46,  Lincoln's-inn- 
fields,  London. 


19813.  ImprovMBonts  in  the  produetlon  and  dislrfbtttlOB    ^f 

alternate     eleetrie     eurrents.     Albert    Gay,     WiUiaan 

Frederick  Taylor,  and  Robert  Hammond,  46,  Ltncoln's-iiiii- 

fields,  London, 

December  5. 
19834.  Improvements  in  ooatroUing  levers  of  railway  afgnal 

interlocking  apparatna  for  the  implication  of  elaetrlatty. 

William  Frederick  Burleigh,  43,  Angles-road,  Streatham, 

London. 
19840.  Transforming  paper  or  other  wrapping  material  into 

sulBeient  strength  or  pertinaeity  to  use  as  aa  tnsnlator 

in  all  eleotrioal  matters  and  oatoles.     William  Edwards 

and  Walter  Sandbach,  34,  Bridport-street,  LiverpooL 
19842.  Improvements  in  roses  for  oellings  and  wan 

for  eleotrioal  purposes.     Wilson  Henry  Sturge  and  John 

Grubb,  12,  Cherry-street,  Birmingham. 
19856.  A  thermo-eleetrie  firedamp  deteetor  and  alarm  for  nmm 

in  mines.     Thomas  John  Murday,  41,  Regent-road,  Gos- 

forth,  Newcaitle-on-Tyne. 
Improvements  in  eleetrie  are  lamps.     Martial  Alphonse 

Daveluy,  jun.,  55,  Chancery-lane,  London. 
Improvements  in  or  relating  to  selfeontroUSag   elae- 

trieal  signala  for  the  prevention  of  raUway  aocidenf . 

Leonard  Capocci,  Charles  Picone,  and  Alphonse  Spacagna, 

323,  High  Holborn,  London. 

December  6. 


19865. 
19883. 


19942.  Improvementa  in  galvaaio  batteries,  and  in  the 

ohemieal  formation  of  ohlorlne  and  ehlorina  oemponnda 
applieatole   for    snoh    batterlea   and   other   purposes. 

William    Phillips    Thompson,    6,    Lord-street,   LiverpooL 
(Friedrich  Marse,  Germany.)    (Complete  specification.) 


18361. 
19285. 
20645. 
209.55. 

16124. 
16322. 
16324. 


SPECIFICATIONS  PUBLISHED. 

1889. 
neotrlo  meters.     De  Ferranti.    6d. 
Ships'  eleotrioal  signalling  apparatus.    CampbelL     8d. 
Telegraph  oables.    Doarlove.    4d. 
Dynamo^leetrio  maehlnes.     Wood.     Is.  5d. 

1890. 
Kleetrie  olooks.     Fairgrieve.     8d. 
Kleetrio  batteries.    Currie.     8d. 
Battery  plates.     Lloyd.     8d. 


CITY    NOTES. 


Western  Union  Telegraph  Company. —  The  Company  has 
declared  a  quarterly  dividend  of  1^  per  cent. 

Brasllian  Submarine  Telegraph  Company.— The  receipts  of 
this  Company  for  the  past  week  amoanted  to  £5,955. 

Cuba  Submarine  Telegraph  Company. — The  estimated  re- 
ceipts for  November  were  £3,100,  as  compared  with  £3,112.  The 
receipts  for  August,  estimated  at  £2,900,  realised  £2,913. 

Oreat  Nerthem  Telegraph  Company. — ^The  reoeipts  for 
November  were  £23,600,  making,  from  January  1,  a  total  of 
£256,400,  against  £252,400  and  £250,200  for  1889  and  1888 
respectively. 

Western  and  BrasiUan  Telegraph  Company. ->The  recetpts 
for  the  week  ended  December  5,  after  deducting  the  nfth 
of  the  gnx)ss  receipts  payable  to  the  London  Platino-Brazilian 
Telegrapn  Company,  were  £4,667. 

Commerolal  Cable  Company.  — The  Directors  have  declared  a 

Siarterly  dividend  of  1)  per  cent.,  payable  on  January  2.  It  has 
so  been  decided  to  draw  on  January  2,  for  repayment  at  par, 
£120,000  of  bonds,  which  will  reduce  the  amount  outstanding  to 
£320,000.  Hitherto  the  drawings  have,  it  is  stated,  been  at  the 
rate  of  £40,000  a  year. 

National  Telephone  Company. — The  Company  announces  an 
interim  dividend  for  the  six  months  ending  October  31  at  the  rate  of 
6  per  cent,  per  annum,  less  income  tax,  on  the  first  and  second 
preference  shares,  and  at  the  rate  of  5  per  cent,  per  annum,  less 
income  tax,  on  the  ordinary  shares.  Dividend  warrents  will  be 
posted  on  the  18th  inst. 


COMPANIES'  STOCK  AND  SHARE  LIST. 


Anglo-American  Brush  

—  Prof.    

India  Rubber,  Gutta  Peroha  k  Telegraph  Go 

House-to-House 

Metropolitan  Eleotrie  Supply   

London  Electric  Supply 

Swaa  United    

Crompton  ft  Co.,  Prof. 

National  Telephone    

Eleotrio  Oonstmotion 


Paid. 
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NOTES. 


Wreidiam. — The  extension  of  telephone  lines  in  this 
district  is  progressing. 

Paris. — ^NewB  from  Paris  says  that  the  various  public 
offices  are  shortly  to  be  lighted  by  electricity  instead  of  by 
gas  or  oiL 

The  Dewslmry  Town  Connoil  have  accepted  the 
tender  of  the  Electric  Construction  Corporation  for  repair- 
ing accumulators. 

CoBversasione.  —  The  annual  eonversassiane  of  the 
Owens  College,  Manchester,  Union  was  held  on  Saturday 
evening  at  Owens  College. 

Stookholm. — The  award  for  the  Stockholm  central 
station  has  not  yet  been  made,  but  is  expected  to  be 
settled  before  the  end  of  the  year. 

mil  Idfirhtliiff. — ^The  weaving-shed  of  Messrs.  J.  Bury 
and  Co.,  of  Accrington,  is  lighted  electrically,  the  installa- 
tion having  been  carried  out  by  Mr.  Barton,  of  Blackburn. 

Mvlliiigar. — ^The  award  has  not  yet  been  made  in  the 
Mullingar  Asylum  contract.  On  account  of  the  keen 
competition  a  few  of  the  firms  tendering  are  asked  for 
detailed  estimates. 

Eleotrlo  Uflrbt  In  Durham. — ^The  well-known  carpet 
factory  of  Messrs.  Henderson  and  Co.,  at  Durham,  was 
illuminated  for  the  first  time  with  the  electric  light  on 
Wednesday  evening  last. 

St.  James  Blectrlo  Uffht  Comiiany.— The  Right 
Hon.  A.  J.  Balfour,  M.P.,  and  Mr.  G.  W.  Balfour,  M.P,, 
visited  the  central  station  of  this  company  at  Mason's-yard, 
Duke-Btreet,  Piccadilly,  on  Wednesday. 

Dublin.  —  The  Electrical  Engineering  Company  of 
Ireland  are  exhibiting  Brush  machines  and  transformers 
with  arc  and  incandescent  lamps  at  the  Boyal  Show  at 
Ball's  Bridge,  and  have  a  very  attractive  stand. 

The  Guildhall, — ^The  Court  of  Common  Council  have 
desired  the  City  Lands  Committee  to  consider  and  report 
as  to  the  desirability  of  fitting  the  Guildhall  and  offices 
with  electric  lights,  and  the  probable  cost  thereof. 

Theatrophene. — The  Theatrophone  Company  have 
definitely  connected  instruments  to  the  Opera  Comique. 
The  principal  clubs  and  caf^s  in  Paris  will  shortly  offer  to 
their  customers  telephonic  representations  of  this  theatre. 

The  St.  Savionr's  Board  of  Works  have  referred 
the  question  of  breaking  up  streets  to  lay  electric.mains  to 
the  General  Purposes  Committee.  The  surveyor  has  been 
reporting  on  the  public  inconvenience  occasioned  thereby. 

Owens  College. — ^It  is  proposed  to  add  new  exten- 
sions to  the  medical  school  department  of  Owens  College, 
Manchester,  and  plans  of  the  building  have  been  prepared 
by  Mr.  Waterhouse,  R.  A.  Electric  lighting  will  be  provided. 

Ashton  (Lanes.). — From  the  report  of  the  last  meeting 
ot  the  Ashton  Town  Council  it  would  seem  as  if  the 
Municipal  Electric  Light  Corporation,  who  obtained  an 
order  for  this  district  in  the  last  session,  are  going  to  begin 
work. 

H.M.9.  **  Piqne "  was  launched  from  the  Howdon-on- 
Tyne  yard  of  Sir  C.  M.  Palmer's  Shipbuilding  Company  on 
Saturday.  Her  displacement  is  3,600  tons,  and  she  has  a 
complete  installation  of  electric  lighting,  including  search- 
lights. 


Beltest. — ^When  will  our  streets  be  lighted  electrically  1 
asks  a  Belfast  paper.  And  then,  referring  to  the  fact  that 
Carlow  has  accepted  Messrs.  Qordon's  offer  (noted  in  our 
last  issue),  remarks  that  the  "South  can  lead  in  some 
things." 

Edlnbargh. — ^At  the  last  meeting  of  the  Town  Council, 
the  town  clerk  submitted  the  revised  provisional  order  for 
electric  lighting.  The  Council  approved  the  order,  and 
empowered  the  Electric  Light  Committee  to  submit  it  to 
Parliament. 

Royal  Soeiety. — ^Yesterday,  Thursday,  Messrs.  H.  L. 
Callendar  and  R  H.  Griffiths  were  to  read  a  paper  "  On  the 
Determination  of  the  Boiling  Point  of  Sulphur,"  and  "  On  a 
Method  of  StandardisingPlatinumBesistance  Thermometers 
by  reference  to  it." 

St.  Panoras  Idghtlnflr. — ^The  London  County  Council 
have  approved  the  details  of  this  installation  as  submitted 
by  the  Vestry,  but  suggest  that  where  high-pressure  mains 
are  used,  the  frames  and  covers  of  the  junction  boxes,  etc.^ 
shall  be  carefully  earthed. 

Eleotrlelty  In  lUnes, — ^At  the  coroner's  enquiry  into 
the  circumstances  attending  the  recent  explosion  at  Vivian 
Pit,  which  resulted  in  three  deaths.  Colonel  Ford  and  Mr. 
Martin,  mines  inspector,  expressed  themselves  in  favour  of 
firing  shots  by  electricity  as  safer  than  fuses. 

Telephone  Reduetlons. — The  South  of  England 
Telephone  Company  have  issued  notices  in  towns  sepved 
by  their  lines  that  they  have  reduced  their  tariff  to  a 
uniform  rate  of  £8.  8s.  per  annum,  on  a  yearly  agreement, 
for  lines  within  one  mile  radius  of  their  exchange. 

^Vnndsor. — ^The  Windsor  and  Eton  Electric  Light 
Company  applied  to  the  Rural  Sanitary  Authority  a  few 
days  ago  for  their  consent  to  the  company's  applying  for 
an  order.  After  a  good  deal  of  discussion,  in  which  some 
opposition  was  displayed,  the  matter  was  adjourned. 

Theatre  Lighting. — ^The  London  County  Council  are 
anxious  as  to  the  employment  of  electricity  for  lighting 
theatres,  and  so  have  appointed  Prof.  John  Hopkinson  to 
report  on  the  danger  (if  any)  of  the  various  systems  of 
electric  lighting  in  these  and  other  similar  buildings. 

Edinburgh  Royal  Soeiety. — ^At  the  second  ordinary 
meeting  of  this  society,  Prof.  Ewing  described  and  exhibited 
his  model  illustrating  the  molecular  theory  of  magnetism. 
Mr.  A.  B.  Brown  said  that  Prof.  Ewing  had  done  a  work  of 
the  greatest  service  to  those  who  made  dynamo  machines. 

Bdlabnrgh  International  Bzhlliltlon. — ^The  liqui- 
dator notified  the  guarantors  by  circular  at  the  beginning 
of  the  week  that  to-day  (Friday)  he  intended  to  present  to 
the  Court  of  Session  an  application  against  those  contribu- 
tories  who  had  not  before  that  date  paid  up  their  subscrip- 
tions to  the  guarantee  fund. 

Death  of  M,  Armand  Bode. — The  omission  of  three 
words  in  our  last  week's  note  on  this  subject  made  it  in- 
correct. The  first  few  lines  should  read,  '^Vlngenieur 
ConseU  announces  the  death,  at  the  age  of  31,  '  of  the  son ' 
of  its  editor,  M.  Armand  Bede."  It  is  M.  Bede,  senior,  who 
is  the  editor,  and  to  whom  we  have  to  offer  our  sympathy 
for  his  recent  loss. 

The  Aroher  Pipe. — ^The  Archer  Pipe  Company,  of 
Avenue-mansions,  Shaftesbury-avenue,  W.,  have  issued  a 
(jamphlet,  giving  full  details  as  to  construction,  method  of 
laying  and  jointing,  and  the  advantages  of  these  pipes  over 
the  ordinary  form.    The  joints  are  very  strong,  and  the 
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pipes  haye  greftt  bridgiDg  power.  They  hare  been  need 
for  andergroond  wires  with  snoeess. 

CaMkhoatosi  (TOTlBi«K— At  a  meetiiig  of  the  Local 
Board  on  Tnesdayy  four  members  were  appointed  to  confer 
jointly  with  the  Town  Hall  Committee  as  to  the  best 
method  of  lighting  and  heating  the  new  Town  Hall  and 
pnUie  offices.  The  Town  HsJI  Committee  fsTonred  the 
electric  light  as  the  illaminant^  though  aome  members  of 
the  Board  declined  to  take  part  in  the  conference. 

O.S.A.  daderaUa  Ihiaoe. — On  Friday  evening  hst 
a  Tery  enjoyable  and  soocessfol  dance  was  held  at  the  West- 
minster Town  Hall,  in  connection  with  the  Old  Students' 
Aaeodation  of  the  City  and  Gkiilds  of  London  Institute. 
Over  120  were  present.  With  rrference  to  the  associa- 
tion, it  may  be  mentioned  that  an  excellent  programme  has 
been  drawn  up  for  the  New  Tear,  including  four  papers 
and  three  concerts. 

Meohiude'fl  Almftnaflk, — ^An  interesting  and  useful 
little  pocket  companion  reaches  us  in  the  shape  of  "  Calvert's 
Mechanic's  Almanack  "  (published  by  Heywoods,  Simpkins, 
Spons,  and  others,  price  4d.).  It  contains  a  calendar  of  the 
year,  with  information  of  yarions  kinds,  but  surcharged 
with  notes,  wrinkles,  information,  and  formula  for  practical 
engineers,  artisans,  and  amateurs.  We  notice  electrical 
items  are  also  included. 

QmB   aad   Bleotrlo   UgbUiiff   Alnroad. — ^At    the 

meeting  of  the  Continental  Union  Gas  Company,  held  in 
London  on  Tuesday,  the  chairman  stated  that  the  electric 
light  was  making  more  or  less  progress  in  some  of  their 
places,  and  he  would  say  "less"  rather  than  "more," 
excepting,  perhaps,  in  Milan,  where,  howerer,  the  consump- 
tion of  gas  had  idso  greatiy  increased.  That  chairman  must 
be  more  or  less  of  an  Irishman. 

Sir  WUllam  Themson,  P.K.S. — A  movement  is  on 
foot  in  GHasgow  among  influential  dtisens  and  old  students 
of  Sir  William  Thomson's  to  get  him  to  sit  for  his  portrait, 
with  the  object  of  placing  the  painting  in  the  University. 
Mr.  Bobert  Oourlay,  Bank  of  Scotland,  and  Prof.  Jack  are 
the  joint  treasurers.  The  Philosophical  Society  of  Glasgow 
have  passed  a  resolution  congratulating  Sir  William  on  his 
election  to  the  dignity  of  P.B.S. 

Toelmloal  Idteraturo. — We  have  received  a  pamphlet 
entitied  *'  Handy  Lists  of  Technical  Literature,"  compiled 
by  H.  K  Haferkorn,  and  published  in  Milwaukee.  The 
pamphlet  contains  a  goodly  list  of  titles  of  books  and  of 
pamphlets,  but,  like  many  of  its  predecessors,  is  far  from 
perfect  It  will,  however,  be  found  useful  to  those  who  are 
not  bibliomaniacs,  and  who  desire  to  know  the  principal 
books  published  upon  special  subjects. 

Patent  Law  Amendment. — ^The  Manchester  Chamber 
of  Commerce  some  timeago  addressed  a  letter  to  the  Attorney- 
General,  enclosing  a  copy  of  a  report  upon  the  Patent  Laws 
prepared  by  the  Chemical  Sectional  Committee,  and  sug- 
gesting certain  alterations  with  a  view  to  ensuring  more 
definite  specifications  from  applicants  for  chemical  patents. 
Sir  Richard  Webster  has  replied,  thanking  the  Chamber  for 
the  report,  and  promising  to  consider  carefully  the  proposals 
contained  therein. 

Ship  lAghtlLng, — On  Saturday  last  the  Fairfield  Ship- 
building and  Engineering  Company  launched  from  their 
yard  at  Govan  the  '*  Oldenburg,"  a  steel  screw-steamer  of 
6,400  tons,  built  to  the  order  of  the  Norddeutscher  Lloyd 
of  Bremen.  Her  dimensions  are — ^length  over  all,  430ft 
lOin. ;  breadth  moulded,  48ft. ;  depth  moulded,  33ft.  The 
vessel  will  be  lighted  throughout  b^  electricity,  provided 


by  three  directrdriven  dynamos,  each  furnishing  current  for 
365  incandescent  lights. 

Fdlkegtona.— At  a  recent  meeting  of  the  Town  Coondl 
the  town  clerk  alluded  to  a  report  which  had  gained 
ground — ^that  the  electric  light  business  had  cost  the  town 
£700.  This  was  not  so.  He  had  investi^ited  the  matter, 
and  had  found  that  all  the  expense  which  had  been  incurred 
by  the  committee  did  not  exceed  £120,  and  the  only  other 
charge  was  the  fee  of  50  guineas  paid  by  order  of  the  Cor^ 
poration  to  Mr.  Preece  for  his  opinion. 

Winter  Ugltta!tng.—MT.  J.  F.  Cote,  F JLA.S.,  writes 
to  a  daily  paper  from  Westfield,  Cheam-road,  Sutton,  under 
date  December  15  :  A  most  remarkable  flash  of  lightnii^ 
was  seen  last  night  in  this  neighbourhood  at  about  a  quarter 
to  ten.  The  flash  was  of  a  beautiful  white  light,  resembling 
the  moon  at  the  full,  and  the  colour  was  no  doubt  due  to 
the  great  dryness  of  this  part  of  the  country.  Unfortn- 
nately  this  turns  out  to  have  been  caused  by  the  ^dl  of  an 
exceedingly  bright  meteor. 

Il»8wieli. — ^At  the  last  meeting  of  the  Town  Council  it  was 
reported  that  the  second  company  who  were  going  for  a 
provisional  order  for  electric  lighting  had  promised  to  for- 
ward copies  of  the  draft  order.  The  question  of  overhead 
wires  cropping  up,  it  was  stated  that  the  Electric  Light 
Committee  had  been  informed  that  the  Board  of  Trade 
would  not  permit  any  wires  to  be  carried  overhead  in  the 
future,  but  would  probably  grant  a  period  of  two  years  for 
the  removal  of  the  existing  overhead  wires. 

Newport  (Mon.). — ^The  provisional  order  question  was 
introduced  at  a  recent  Town  Council  meeting  by  Mr.  Jacob, 
who  stated  that  the  Parliamentary  Committee  had  been 
driven  to  ask  for  an  order  to  protect  the  borough  from  the 
numerous  companies  who  were  seeking  to  get  powers  both 
last  and  the  present  year.  The  scheme  set  out  in  the  order 
would  not  cost  more  than  £30,000.  He  admitted  that  the 
electric  light  was  more  expensive  than  gas,  but  he  thought 
it  was  a  better  light.  Eesolutions  in  favour  of  obtaining 
an  order  were  passed. 

BarUnff  Road  Cars. — ^The  cars  of  the  General 
Electric  Traction  Company,  which  have  been  working  the 
Barking-road  route  of  the  North  Metropolitan  Tramways 
Company,  have  run  during  the  five  months  ending  Novem- 
ber 27,579^  miles  out  of  a  possible  27,833,  the  total  losses 
of  mileage  from  all  causes  being  only  235^,  or  *844  per 
cent.  During  the  heavy  snowfall  on  the  28th  of  last  month, 
the  cars  ran  193  miles  out  of  a  possible  213,  which,  as  we 
remarked  last  week,  is  far  and  away  beyond  what  the  horse 
cars  managed  to  do. 

The  Cambridge  Philosopliioal  Society  have  elected 
the  following  gentlemen  to  be  honorary  members:  J. 
Willard  Oibbs,  on  the  ground  of  his  contributions  to 
physical  science,  and  specially  to  the  sciences  of  thermo- 
dynamics and  electromagnetism ;  Heinrich  Hertz,  for  his 
contributions  to  the  science  of  electromagnetism,  and 
specially  for  his  brilliant  experimental  verification  of 
Maxwell's  theory  ;  and  Arthur  Schuster,  for  his  researches 
on  spectrum  analysis  and  on  the  passage  of  the  electric 
spark  through  high  vacua. 

**  L'Electrioien." — After  the  1st  of  January  this  paper 
and  the  Bevue  Internationale  de  VEledridU  will  become  one 
publication,  which  will  be  issued  by  M.  O.  Carr6,  of  68, 
Bue  Saint  Andr6  des  Arts,  Paris,  under  the  tiUe  of 
VEleekicien,  Berne  IntenuUianale  de  PEkctrieUi  et  de  sea 
Afplkations.  In  making  this  announcement,  M.  G.  Masson, 
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proprietor  of  VEledriden,  expresses  his  recognition  of  the 
services  rendered  to  him  by  M.  Hospitalier  in  his  capacity 
as  editor,  and  regrets  that  his  other  labours  will  no  longer 
permit  the  latter  to  continue  at  his  post 

maidatone. — ^A  special  meeting  of  the  Maidstone  Town 
Council  was  held  on  Thursday,  the  11th  inst,  to  consider 
the  question  of  obtaining  a  provisional  order.  The  £lectric 
Installation  and  Maintenance  Company  have  given  the 
Council  notice  of  their  intention  to  apply  for  an  order,  and 
the  latter  do  not  care  to  sanction  the  application.  A  dis- 
cussion ensued,  in  the  course  of  whidi  the  town  clerk  said 
it  would  cost  J&400  or  £500  to  obtain  an  order,  and  they 
could  not  move  until  next  November.  Resolutions  deciding 
to  apply  for  an  order  and  refuse  sanction  to  the  above- 
mentioned  company  were  passed. 

Cable  AoroBS  the  TSme.— The  River  Tyne  Commis- 
sioners have  granted  permission  to  the  Postmaster-General 
to  lay  a  cable  across  the  Tyne  between  the  New  Quay  at 
North  Shields  and  Comical  Corner,  South  Shields,  on  the 
following  conditions  :  That  he  be  not  allowed  to  claim  for 
injury  to  the  cable  should  such  arise  from  the  operations 
of  the  Commissioners ;  that  no  claim  be  allowed  against 
the  Commissioners  in  consequence  of  the  laying  of  the 
cable ;  no  claim  to  be  made  against  navigating  vessels  for 
damage  to  the  cable;  and  that  the  Postmaster-Geneial 
remove  the  cable  when  required  to  do  so  by  the  Commis- 
sioners. 

Bleetxio  lAgbX  in  ComwiilL— Electric  lights  have 
been  successfully  started  at  the  Kennal  Vale  Paper  Mill, 
near  Ponsanooth  (Mr.  S.  J.  Polkinhom's).  The  dynamo 
was  supplied  and  the  work  most  efficiently  carried  out  by 
Mr.  C.  J.  Veale,  of  the  St.  Austell  Electrical  Works.  The 
dynamo  is  driven  by  a  small  Sin.  "Little  Giant"  hori- 
aontal  turbine,  weighing  some  dcwt,  and  develops  6  h.p. 
under  a  fall  of  24ft.,  carried  by  a  flume  12in.  diameter, 
although  the  power  required  for  the  dyname  is  only  some 
1^  h.p.  The  agent  for  this  little  machine  is  Mr.  S.  Howes» 
64,  Mark-lane,  KC.  The  turbine  was  fixed  by  Messrs. 
M.  K  Langdon  and  Son,  of  Truro 

Croydon. — ^The  electric  light  has  been  introduced  in 
the  private  residence  of  Mr.  Radford,  of  Park  Hill-road 
South,  Croydon.  The  motor  is  a  Crosaley  gas  engine, 
which  is  placed  in  a  small  engine-house  built  in  the  garden, 
and  drives  the  dynamo  by  belting.  A  cable  runs  along  the 
garden  fence  into  the  accumulator-room,  built  close  to  the 
house,  and  the  lighting  current  is  taken  from  the  batteries. 
The  cables  from  the  accumulators  run  to  a  switchboard  at 
the  head  of  the  stairs,  from  whence  the  various  circuits  are 
controlled.  The  light  fittings  in  the  various  rooms  are 
very  pretty.  The  installation  has  been  carried  out  by 
Messrs.  Cathcart  and  Peto,  of  Hatton-garden,  with  which 
firm  we  understand  Mr.  Radford,  jun.,  is  connected. 

Hull. — ^A  meeting  of  the  Electric  Lighting  Committee 
of  the  Hull  Corporation  was  held  this  week,  Dr.  W.  Holden, 
chairman,  presiding.  The  sub-committee  presented  their 
report,  and  drew  attention  to  the  fact  that  by  the  pro- 
visional order  obtained  last  August  it  was  incumbent  upon 
the  Corporation  either  to  apply  for  powers  themselves  to 
lay  down  an  installation  within  two  years,  or  else  permit 
some  company  to  do  so.  There  were  no  doubt 
numerous  advantages  to  be  obtained  by  the  use  of  the 
electric  light  in  Hull,  and  it  was  recommended  that  other 
towns  should  be  visited  and  full  information  on  the  subject 
obtained.  Ultimately  it  was  resolved  merely  to  receive  the 
report  abd  to  consider  it  further  at  a  future  meeting. 


King's  Collesre  Seliool. — Mr.  W.  H.  Preece  presided 
at  the  distribution  of  prizes  at  King's  College  School  on 
Tuesday  evening,  and,  in  the  course  of  the  usual  remarks 
on  such  an  occasion,  spoke  of  the  advance  made  in  our 
knowledge  oi  the  laws  and  applications  of  electricity.  He 
gave  an  instance  of  current  practice  in  the  intercommuni- 
cation by  telephone  between  two  of  his  assistants  in  Glasgow 
and  London.  Travelling,  especially  in  foreign  countries, 
he  regarded  as  a  means  of  education ;  and  he  was  brave 
enough  to  defy  Pope's  noted  couplet  as  to  a  little  learning 
being  a  dangerous  thin^  Even  a  slight  knowledge  of 
geology,  for  example,  was  better  than  none  at  alL 

Aoeldent  to  Mr.  B.  Drake. — ^We  very  much  regret 
to  learn  that  Mr.  Bernard  Drake,  the  senior  partner  of  the 
firm  of  Drake  and  Gorham,  who  are  just  completing  the 
lighting  of  the  new  Scodand  Yard  offices,  met  with  a 
serious  accident  on  Friday  night  After  inspecting  the 
lighting,  he  passed  from  the  brightly  lit  corridors  through 
an  open  door  leading  to  the  courtyard  which  had  been  in* 
advertently  left  open,  and  fell  a  distance  of  about  15ft. 
down  an  area.  Considerable  time  elapsed  before  he  could 
be  removed,  but  he  was  eventually  carried  to  the  West- 
minster Hospital,  where  it  was  found  that  he  had  sustained 
a  fracture  of  the  thigh  and  other  injuries.  We  are  glad  to 
hear  that  he  is  reported  to  be  progressing  bvourably. 

Telephone  Uoeneee. — ^With  reference  to  Mr.  Raikes^s 
reply  in  the  House  of  Commons  on  this  subject  {Me  last 
week's  Notes),  Mr.  A.  Erskine  Muirhead  writes  as  follows 
to  a  Scotch  contemporary :  ''The  Postmaster-General's  reply 
indicated  that  there  was  no  hurry  for  settlement  of  the 
license  question,  because  the  patent  for  the  more  important 
telephones  has  not  expired,  and  does  not  expire  until  July 
next  year ;  now.  Sir,  as  this  is  likely  to  be  misunderstood 
by  the  general  public,  will  you  permit  me  to  say  that  for 
all  practicd  purposes  the  patent  has  now  expired.  Mr. 
Preece,  electrician  to  the  Post  Office ;  Mr.  Dunn,  telegraph 
superintendent  Caledonian  Railway  ;  Mr.  Fletcher,  telegraph 
superintendent  London  and  North-Western  Railway,  have 
those  instruments  now  working;  and,  further,  Mr. 
Houghton,  London,  Brighton)  and  South  Coast  Railway, 
has  them  working  over  a  10-raile  railway  circuit  in  London." 

Leamington. — ^The  Town  Council  have  approved  their 
provisional  order,  and  sealed  a  memorial  to  the  Board  of 
Trade  on  the  subject.  The  clerk  was  instructed  to  oppose 
applications  for  an  order  on  the  part  of  the  Midland 
Electric  Lighting  Company.  In  replying  to  questions,  the 
town  clerk  pointed  out  at  the  last  Council  meeting  that 
they  need  not  do  the  work  themselves,  but  could  arrange 
with  other  people  to  carry  it  out.  He  also  explained  that 
after  the  compulsory  area  had  been  lighted,  any  six  occu- 
piers of  premises,  undertaking  to  take  the  light  for  three 
years  and  ensuring  them  30  per  cent  return  on  the  capital, 
could  call  upon  them  to  supply  the  light  to  them.  He 
thought  they  would  have  no  objection  to  that.  The  order, 
of  course,  gave  them  power  to  supply  the  whole  borough. 
If  they  did  not  do  the  work  in  the  stipulated  time,  any 
person  might  petition  the  Board  of  Trade  to  annul  the 
order. 

Royal  Meteorologleal  Booiety. — At  the  meeting  of 
this  society  on  Wednesday  evening,  the  following  papers, 
among  others,  were  read  :  1.  "  Note  on  a  Lightning  Stroke 
presenting  some  features  of  interest,"  by  Mr.  R.  H.  Scott, 
F.R  S.  On  January  5,  a  house  near  Bidlyglass,  co.  Mayo, 
was  struck  by  lightning,  and  some  amount  of  damage  was 
done.    A  peculiar  occurrence  happened  to  a  basket  of  eggs 
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lying  on  the  floor  of  one  of  the  rooms.  The  shells  were 
shattered,  so  that  they  fell  off  when  the  eggs  were  put  in  boil- 
ing water,  but  the  inner  membrane  was  not  broken.  The  eggs 
tasted  quite  sound.  The  owner's  account  is  that  he  boiled  a 
few  eggs  from  the  top  of  the  basket,  the  rest  were  "  made  into 
a  mummy,  the  lower  ones  all  flattened  but  not  broken." 
2.  "  Note  on  the  Effect  of  Lightning  on  a  Dwelling-house," 
by  Mr.  A.  Brewin,  F.B.M.S.  This  is  an  account  of  the 
damage  done  to  the  author's  house  at  Twickenham  ou 
September  23. 

GkQeher  New  Blectrie  lAgbt  ComiMuiy. — ^The 
third  ordinary  general  meeting  of  this  company  was  held  at 
Winchester  House,  Old  Broad-street^  KO.,  on  Thursday  at 
12  noon,  Mr.  D.  De  Castro  in  the  chair.  Prior  to  making 
any  remarks  on  the  report  and  balanceniheet,  the  chairman 
caUed  for  an  expression  of  opinion  from  the  shareholders  as 
to  whether  this  should  not  be  considered  a  private  meeting. 
In  his  opinion  it  was  such,  and  if  the  shareholders  declared 
it  such  the  Press  would  have  no  excuse  for  saying  that  it 
was  not  Mr.  Harton  moyed  that  the  meeting  should  be 
open  and  public,  which  was  seconded  by  another  share- 
holder, and  carried  unanimously.  We  shaU  give  a  full 
report  of  the  meeting  in  our  next  issue.  We  may  state, 
however,  that  it  lasted  for  an  hour  and  a  half,  and  that 
considecable  criticism  was  evoked  by  the  accounts,  chiefly 
emanating  from  Major  Gotton,  a  very  large  shareholder 
and  an  old  director. 

BartNmr  UflrlitiBff.— The  port  at  La  Bochelle  has 
been  lighted  electrically,  the  installation  having  been 
carried  out  by  the  firm  of  Buchin-Tricoche.  Arc  lights, 
mounted  on  iron  posts  eight  metres  50  high  are  used. 
There  are  32  lamps  divided  among  eight  circuits.  Five  of 
these  circuits  work  eight-ampere  lamps,  and  three  six- 
ampere  hmpe.  A  compound  Qramme  dynamo  supplies  the 
current,  and  is  driven  by  a  25-horse  gas  engine  of  Bavel's 
design,  as  made  by  the  Soci^t^  Nouvelle  des  Moteurs  k  Gkus 
Fran^ais.  As  a  reserve,  another  and  more  powerful  gas 
engine  and  dynamo  will  be  fitted  up  in  the  New  Year, 
so  that  in  case  of  breakdown,  or  other  cause  of  stoppage, 
the  lighting  will  not  have  to  be  interfered  with.  The 
BuUeHn  InUmaUonal  says  that  a  trial  was  made  with  this 
installation  in  the  presence  of  the  municipal  authorities  on 
the  8th  inst,,  but  was  not  very  successful  owing  to  the 
failure  of  the  gas  engine  to  give  out  sufficient  power,  it 
affording  hardly  10  h.p.  instead  of  25  h.p. 

Verity's  Ckmoert. — ^A  grand  entertainment  was  brought 
about  last  week  by  the  members  of  Messrs.  Verity  and 
Sons'  Cricket  Club,  in  a  smoking  concert  held  at  Anderton's 
Hotel,  Fleet-street.  The  air  being  thick  and  wreathed  with 
smoke,  amid  clinking  of  glasses,  and  the  (sometimes) 
subdued  noise  of  conversations,  the  latent  genius  of  the 
firm's  men— of  which  there  is  much — ^burst  forth  in  song 
or  word  from  time  to  time,  followed  by  the  hearty  applause 
of  enjoyment  and  good-fellowship.  The  biggest  success 
of  the  evening  (in  such  meeting  fun  counts  high)  may  be 
reckoned  the  new  patent  "Bigotphone  Band,"  led  by  Mr. 
Qeorge  Verity.  A  hushed  expectancy  revealed  an  imita- 
tion German  band,  in  paper  caps,  and  armed  with  papier 
mach6  instruments — ^trombones,  trumpets,  and  all  sorts  "  of 
Oder  tings,"  out  of  which  the  most  excruciating  funny 
music  was  produced,  to  the  huge  amusement  of  the 
listeners.  During  the  evening,  the  chairman,  Mr.  John  B. 
Verity,  had  a  telegram  handed  in  from  the  similar  club  of 
their  newly-established  Birmingham  works,  who  were 
holding  their  concert  at  the  same  time,  only  sorry  not  to 


have  their  meeting  in  one  and  the  same  room  under  the 
kindly  influence  of  the  same  chairman. 

Plsrmoath. — ^From  the  report  of  the  last  meeting  of  the 
County  Council  here  it  looks  as  if  electric  lighting  was  in  a 
poor  way.  The  town  clerk  was  asked  whether  the  Electric 
Lighting  Committee  had  met,  and  what  prospect  there  was 
of  the  streets  being  electrically  lighted.  In  reidy,  this 
gentleman,  who  by  the  way  appears  to  be  somewhat  hazy 
about  the  matter,  said  that  there  had  been  nothing  for 
which  to  call  the  committee  together.  At  the  present 
moment  a  company  had  obtained  powers  to  light  the  town 
by  electricity,  but  were  not  exercising  them.  There  was  a 
certain  time  limit  in  the  Act :  he  could  not  say  whether  it 
was  one  or  two  years,  within  which  the  company  had  the 
right  to  exercise  its  powers.  Until  that  period  had  expired 
he  did  not  think  the  Council  would  succeed  in  getting  a 
provisional  order  to  enable  them  to  introduce  the  electric 
light  He  understood  there  were  financial  difficulties  in 
the  way  of  the  company  starting.  Considering  that  in  the 
opinion  of  several  members  no  town  of  similar  sijse  was  so 
badly  lighted  as  Plymouth,  and  that  the  gas  company 
receive  about  £4,000  per  annum  for  this,  the  electrical 
people  should  wake  up. 

Start  of  the  South  London  Railway  .—The  electric 
trains  of  the  City  and  South  London  Subway  started  run- 
ning yesterday  morning,  the  first  train  leaving  Stockwell 
at  half-past  seven.  The  proposed  time  of  start  had  been 
announced  previously,  and  the  train  was  well  filled.  It 
performed  its  first  public  journey  well  and  in  due  time,  to 
the  satisfaction  of  everyone.  Trains  were  then  run  con- 
tinuously on  public  service  at  five  minutes  intervals. 
A  stoppage  occurred  later  in  themomingowing  to  something 
slightly  wrong  with  one  of  the  engines,  but  traffic  was 
resumed  after  an  hour's  delay,  and  continued.  As  the 
trains  have  been  run  for  many  days  with  dummy  loads 
everything  is  now  in  good  working  order.  The  trains  are 
well  patronised  on  the  intermediate  stations,  passengers, 
whose  time  of  travel  on  ordinary  tramcarstook  18  minutes, 
now  getting  to  London  Bridge  in  4^  minutes  —  one 
quarter  the  time.  The  line  seems  to  visitors  a  little  over- 
manned at  present  with  attendants,  but  this  is  far  better 
than  the  other  extreme,  and  it  nvill  be  easy  to  arrange  the 
service  with  the  simplest  staff*  when  all  is  in  full  and  con- 
tinued work.  The  enterprise  has  fairly  commenced  its 
career  of  local  usefulness,  as  well  as  world-wide  stimulation 
of  engineering  undertakings  in  the  same  field  of  work,  and 
will  rapidly  become  one  of  the  wonders  and  sights  of 
London,  both  to  country  visitors  and  to  men  of  engineering 
ability  or  financial  standing. 

Overhoad  Wires  on  the  Hlcrhwajs. — ^The  question 
of  the  erection  of  telephone  poles  and  wires  along  the  high- 
ways seems  to  be  entering  on  an  acute  phase  in  some 
districts,  and  the  Malton  District  Highway  Board  has  just 
taken  a  singular  step  in  this  direction.  Some  time  ago, 
permission  was  given  to  the  National  Telephone  Company 
(who  have  of  late  been  extending  their  system  from  York 
to  Scarborough)  to  erect  poles  and  wires  along  the  main 
roads  in  the  parish  of  Whitwell.  Some  deviation  was  made, 
however,  by  the  company,  but  this  difficulty  was  apparently 
got  over  by  the  Highway  Board  agreeing  to  accept  an 
acknowledgment  of  Is.  per  pole,  instead  of  6d.,  as  previously 
offered  by  the  company.  At  a  recent  meeting  of  the 
Highway  Board  a  communication  was  read  from  the  company 
agreeing  to  these  terms,  but  the  clerk  at  the  same 
time  submitted  a  letter  on  the  subject  from  the  Bev. 
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Francis  Simpeon,  rector  of  Foston,  calling  attention  to  the 
fact  that  the  public  merely  have  an  easement  over  the  high- 
way ;  and  that  any  obstruction  by  the  erection  of  poles 
thereon  or  otherwise  is  illegal  The  writer  held  the  Board 
had  no  power  to  grant  the  permission  sought.  A  lengthy 
discussion  ensued,  and  the  clerk  advised  the  Board  that 
they  really  had  no  power  to  grant  permission  for  "an 
obstruction  of  the  road/'  It  was  ultimately  resolved  that 
the  Board  decline  to  enter  into  any  agreement  with  the 
company  on  the  subject,  but  to  allow  the  poles  to  remain 
where  they  are  under  protest.  This  leaves  the  matter  in  a 
peculiar  position,  and  it  remains  to  be  seen  what  steps  the 
company  will  now  take. 

Iron  Ore  lUBoovered  by  Uffhtiiliiflr  Strokes.— 

"  Lightning  does  not  strike  more  than  once  in  the  same 
place,"  says  the  witty  saying,  "  because  it  doesn't  need  to." 
But  when,  as  a  matter  of  fact,  lightning  is  found  to  be 
striking  time  after  time  in  the  same  place  an  explanation  is 
needed.  Iron  ore  is  the  recognised  explanation  now, 
apparently,  and  lightning  becomes  an  ore  prospector.  Com- 
menting upon  a  report  that  a  house  in  Ohio,  supposed  to  be 
situated  over  a  bed  of  iron  ore,  has  been  struck  by  lightning 
eight  times  within  three  years,  a  writer  in  the  Chicago 
Journal  of  Commerce  bajs  :  "  The  truth  is  that  all  iron  ore 
deposits  are  not  connned  to  the  several  well-known  localities 
of  the  United  States  where  they  most  abound.  If  careful 
observation  was  made,  undoubtedly  many  new  fields 
might  be  opened  up  in  places  where  the  presence  of 
iron  is  not  suspected.  The  writer,  in  his  youth,  lived 
on  a  farm  in  Southern  Wisconsin,  on  two  acres  of  which 
lightning  had  struck — ^it  was  estimated — at  least  40 
trees.  No  sane  man  could  for  one  moment  suppose  that 
the  stricken  trees  of  themselves  possessed  su£Scient 
metallic  attraction  for  tiie  lightning  to  single  them  out 
for  destruction.  The  suggestion  made  at  the  time 
that  underneath  these  two  acres  was  a  bed  of  iron  ore, 
has  never  been  effaced ;  yet  it  is  doubtful  if  ever  any  other 
person  noticed  the  peculiarities  of  that  particular  plot  of 
ground.  Nature  seldom  errs  in  her  indications  of  mineral 
wealth,  and  makes  electricity  a  prominent  agent  in  deter- 
mining the  location  of  iron  deposits  near  the  surface.  Hence 
if  a  forest  at  any  point  shows  unusual  effects  of  lightning, 
or  if  a  house  becomes  a  peculiar  attraction  for  it,  it  might 
pay  to  engage  a  professional  inspector  to  develop  the 
hidden  ore." 

The  '^Serpent's"  Compaeees.— Among  the  evidence 
given  at  the  enquiry  into  the  loss  of  the  "  Serpent,"  that  of 
Staff-Commander  Creak,  Admiralty  superintendent  of  com- 
passes, goes  a  long  way  to  throw  doubt  on  the  supposition 
that  the  vessel  was  lost  owing  to  these  necessities  of  navi- 
gation going  wrong.  He  said  that  changes  of  magnetic 
latitude  might  tend  to  disturb  the  compasses,  but  the  dis- 
tance run  by  the  "  Serpent "  was  so  short  that  the  change 
would  not  be  sufficient  to  make  any  deviation  of  import- 
ance. He  knew  of  no  reason  of  a  magnetic  character  which 
would  tend  to  carry  the  ship  from  a  properly  thought-out 
course.  He  had  heard  that  the  question  of  the  attraction 
oLtheland  had  been  raised  on  this  subject  Three  or  four 
years  ago  he  read  a  paper  before  the  Boyal  Society  discuss- 
ing the  effect  of  the  land  upon  compasses  placed  near  it. 
The  general  law  derived  from  that  discussion  was  that  the 
compass  was  attracted  by  the  land  in  the  northern  hemi- 
sphere and  repelled  in  the  southern.  The  largest  amount 
of  attraction  observed  was,  as  far  as  he  could  learn, 
SOmin.  when  placed  30ft  from  the  disturbing  cause.    Such 


a  disturbing  cause  at  the  distance  of  a  mile  would  occasion 
a  disturbance  of  three-millionths  of  a  degree.  Supposing 
the  '*  Serpent "  to  approach  the  land,  and  some  disturbance 
of  which  they  had  no  record  took  place  according  to  this 
law,  the  ship  would  be  thrown  off  the  land  under  Spain, 
the  northern  end  of  the  compass  being  attracted  towards  it, 
as  the  ship  must  have  been  steering  on  some  southerly 
course.  The  disturbance  would  simply  tend  to  throw  her 
off  the  land.  He  mentioned  this  to  show  that»  taking  it  for 
granted  that  an  attraction  did  take  place,  it  would  be  in 
favour  of  the  safety  of  the  ship.  There  were  no  electric 
fittings  or  movable  gear  which  would  affect  the  compass. 
The  covers  of  the  lamps  and  compasses  were  made  of  brass. 
He  had  never  met  a  lamp  or  cover  in  Sir  W.  Thomson's 
compasses  which  had  occasioned  magnetic  disturbance. 

A  BlfiT  laeetrie  Uffht  Plant.— The  Washington 
correspondent  of  the  Electrical  World  says :  "  Bids  were 
opened  this  week  (Nov.  29)  at  the  War  Department,  in  the 
office  of  Capt  Thomas  Williamson,  Superintendent  of  the 
State,  War,  and  Navy  building,  for  the  materials  for  the 
establishment  in  that  building  of  a  complete  plant  for 
electric  lighting.  The  contemplated  plant  is  intended  to 
furnish  electric  illumination  for  the  White  House  and 
grounds.  There  was  but  one  bid  for  the  dynamos,  inas- 
much as  the  advertisement  called  for  Edison  dynamos, 
which  have  been  proven  successful,  and  for  which  there  is  a 
necessity  in  this  case,  as  other  portions  of  the  Edison  system 
are  now  and  have  been  in  operation  in  the  building 
for  three  years  past,  and  the  purchase  of  these  dynamos 
will  simply  complete  the  system  then  established.  The 
bids  were  as  follows :  From  the  Edison  Qeneral  Electric 
Company,  of  New  York,  for  four  dynamos,  erected 
complete,  7,600dols. ;  from  E.  P.  Hampson  and  Co.,  of 
New  York,  for  two  engines,  4,225dols.3  bom  Hoover, 
Smith,  and  Co.,  of  Washington,  for  two  engines,  4,587dol8.; 
the  same  firm,  for  three  boilers,  3,543dols. ;  from  the 
Southwark  Foundry  and  Machine  Company,  of  Philadel- 
phia, for  three  boilers,  3,520dols.  No  awards  have  been 
made  up  to  this  date,  but  it  is  probable  that  the  contracts 
will  be  given  almost  immediately  in  order  that  there  shall 
be  no  delay  in  the  beginning  of  the  work.  The  entire 
plant  will  probably  cost  within  25,0d0dols.,  and  will,  when 
completed,  not  only  light  the  department  building,  but 
the  President's  mansion,  as  already  stated.  At  the 
present  time  there  are  about  1,600  lights  used  in  the 
State,  War,  and  Navy  building.  There  are  to  be  about 
750  lamps  in  the  White  House,  and  these  will  make  a  total 
of  2,350  lights  on  the  circuit.  As  the  estimate  is  for  a 
double  plant  of  four  dynamos,  and  the  intention  is  to  run 
but  two  of  them  at  a  time,  provision  is  thus  made  for  a 
total  capacity  of  about  2,880  lamps.  Even  if  all  the 
lamps  should  be  lighted  at  once,  which  will  prob- 
ably never  happen,  it  will  be  possible  to  start  both 
pairs  of  dynamos,  and  thus  give  a  strong  current 
to  all.  During  the  day  there  is  need  for  only  about 
800  or  900  lamps  in  the  department,  although  these  vary 
as  the  weather  condition  outside  changes;  the  White 
House  will  need  its  illumination  only  at  night  It  is 
desired  to  complete  the  work  by  the  end  of  December, 
so  as  to  be  able  to  turn  on  the  current  for  the  New  Year's 
reception.  It  is  expected  that  all  the  fixtures  will  be  in 
place  at  the  White  House  by  then,  and  if  the  plant  should 
be  delayed  in  any  way,  the  lamps  will  be  run  from  the 
city  circuit  The  dynamos  and  engines  are  to  be  located 
in  the  centre  wing  of  the  building,  in  the  sub-basement, 
where  there  will  be  no  noise  to  reach  the  clerks  above." 
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UNDERGROUND  MAINS.— L 


Introductory.— TENDERS  and  trenches. 

We  purpose  in  the  following  short  series  of  articles 
giving  a  description  of  some  of  the  principal  systems  of 
underground  electric  mains  for  central  station  work.  These 
articles  will  not  go  into  theoietical  questions  of  distribution, 
or  contain  mathematical  investigations  into  the  economic 
sizes  of  copper  to  be  employed — questions  which  are  left 
to  be  dealt  with  elsewhere — ^but  will  contain  particulars  of 
the  actual  work  done  in  laying  underground  mains  and 
conduits,  together  with  such  illustrative  figures  or  diagrams 
as  are  procurable  of  the  systems  of  central  station  mains  in 
actual  use  at  the  present  time  for  electric  distribution. 

The  standpoint  will  be  that  of  the  contracting  electrical 
engineer,  the  main  or  cable  layers,  and  in  the  first  place  it 
will  be  worth  while  noting  generally  the  points  more  or 
less  common  to  all  systems.  The  systems  themselves  may 
be  roughly  divided  into  low-tension  and  high-tension 
systems,  but  in  any  case  the  copper  mains  carrying  the 
electric  current  require,  according  to  the  regulations  of  the 
Board  of  Trade,  to  be  placed  underground  and  properly 
protected  in  pipe  or  conouit. 

The  first  necessity  for  parties  undertaking  to  lay  mains 
under  the  streets  is  the  parliamentary  powers  under  the 
Electric  Lighting  Acts.  This  part  of  the  business  does  not 
concern  the  contractor,  the  mftin-layer,  and  we  will  suppose 
one  of  the  two  parties  who  usuaUy  require  mains  to  be  laid, 
an  electric  lighting  company,  or  a  town  authority,  to  have 
already  made  their  arrangements,  and  their  application 
under  the  Electric  Lighting  Acts,  and  to  have  obtained  the 
necessary  powers  for  breaking  up  the  streets. 

These  distributing  undertakers — company  or  authority — 
may  have  made  up  their  minds  as  to  the  nature  of  main 
they  intend  to  lay  down,  or  they  may  not  In  all  proba- 
bility, in  the  case  of  an  electric  lighting  company,  some 
influence  predisposes  to  a  certain  system  of  distribution, 
and,  in  the  case  of  a  town  authority,  the  services  of  a  con- 
sulting engineer  are  retained,  and  the  consulting  engineer 
adopts  one  or  other  system  of  mains  according  to  his  judg- 
ment as  to  the  requirements,  or  his  predilections,  may 
suggest. 

The  kind  of  system  decided  upon,  the  next  question  is 
one  of  estimate  or  tender — private,  select,  or  public.  In  the 
private  estimate  or  tender  the  firm  or  company  whose 
system  it  is  desired  to  adopt  is  called  upon  to  give  their 
price  for  the  work.  The  plan  of  the  work  is  drawn,  details 
are  specified  wherever  possible,  the  ground  is  gone  carefully 
over,  and  the  nature  of  the  work  considered,  and  so  the 
cost  is  worked  out.  The  first  estimate  will  usually  be  well 
discussed  upon  both  sides,  and  often  considerably  modified 
before  the  definite  order  or  contract  is  given. 

In  the  case  of  select  tenders  a  few  well-known  firms  or 
companies  will  be  selected  by  the  undertakers  who  require 
mains,  and  the  order  is  given  to  that  firm  or  company  who 
best  and  most  moderately  satisfy  the  requirements  of  the 
case,  or  sometimes,  it  is  understood,  by  favour,  the 
estimates  of  the  non-successful  being  useful  as  guides  to 
the  proper  price  to  pay  for  the  work,  no  doubt  according 
to  the  well-known  saying  that  two  heads  are  better  than  one. 

In  the  case  of  town  or  other  public  authorities,  the  con- 
tract is  often  (though  not  necessarily)  put  up  to  public 
tender,  and  all  who  like  to  send  in  estimates,  and  pay  a 
certain  absurd  fee  for  so  doings  may  have  their  estimates 
considered,  and  here  usually  (not  without  a  suspicion  of 
influence  also)  the  lowest  tender — with  due  consideration 
for  the  position  of  the  tenderer — obtains  the  contract 

It  is  important  to  note  that  the  method  in  which  the 
tenders  are  to  be  treated  varies  greatly  among  difliBrent 
authorities.  The  most  usual  course  in  England  is  for 
the  actual  and  final  making  good  of  the  roads  to  be  done 
by  the  highway  or  vestry  authorities  themselves,  a  stated 
charge  being  made  if  the  work  is  not  for  the  corporation. 
Sometimes  the  making  good  is  to  be  done  by  the  con- 
tractors to  the  satisfaction  of  the  borough  or  vestry  engi- 
neer. Occasionally,  the  odd  course  is  adopted,  of  the 
authority  making  good,  but  the  contractor  being  bound  to 
pay  for  it — an  item  which  he  must  include  in  his  tender  to 
the  same  authority.    Then  again,  besides  the  comparative 


cost  of  system  against  system,  or  cable  against  cable,  there 
is  the  question  of  material  at  hand  and  the  nature  of  the 
soil.  Stones,  material,  iron  pipes  and  boxes,  etc.,  naay  be 
obtained  near  at  hand,  or  may  have  to  be  carried — ^in  the 
case  of  a  foreign  contract  sometimes  a  serious  item.  It  is, 
of  course,  far  better  to  know  exactly  the  nature  of  the  soil 
and  the  resources  of  the  district,  but  in  a  foreign  tender 
where  this  cannot  be  ascertained  it  must  be  allowed  for, 
and  naturally  one  tenderer  is  on  the  same  equality  as  the 
others. 

Having  now  obtained  the  contract,  the  main-layer's  first 
care  is  to  go  through  the  whole  scheme  more  carefully, 
arrange  all  the  details  with  exactitude,  and  draw  up  the 
schedule  of  mains,  material,  and  men  required.  The  orders 
for  copper  or  cable  having  been  given  (we  do  not  consider 
the  question  of  its  manuracture  here),  and  the  material  of 
pipes,  boxes,  conduits,  etc.,  having  been  ordered  for 
delivery  to  a  special  time,  the  notice  has  to  be  given  to 
vestries  and  local  authorities  of  the  date  of  breaking  up  the 
street  In  London  these  authorities  will  consist  of  the 
London  County  Council,  and  the  local  vestries — one  or  more 
as  the  district  is  more  or  less  extenpive.  The  consent  of 
the  London  County  Council  is  obtainable  under  certain 
conditions  to  be  complied  with  as  regards  strength  of 
arches,  boxes,  etc.,  for  protection  of  the  roadway.  The 
London  County  Council  exercise  a  general  supervision,  and 
have  their  electrical  inspectors  to  report  upon  their  sugges- 
tions or  recommendations  being  carried  out 

The  vestries  occupy  a  more  direct  control  over  the  con- 
tractor, as  it  is  with  them  the  exact  date  of  the  breaking  up 
of  the  roadway  has  to  be  arranged,  and  it  is  they  who 
exercise  the  claims  of  payment  for  breaking  up  and  making 
good  the  roadway.  This  claim,  in  some  cases,  is  very  heavy, 
the  St  Martin's  Vestry  charging,  we  believe,  12s.  6d.  a  yurd 
for  this  work  for  each  access  underground,  and  this  not- 
withstanding that  several  companies  co-operate  to  lay  or 
repair  pipes  at  any  one  time — each  must  pay  their  12s.  6d. 
per  yard. 

Notice  has  equally  to  be  given  to  the  gas  and  the  water 
companies,  and  the  rost  Office  authorities,  and  also,  if  there 
are  any,  to  the  telephone,  fire  alarm,  hydraulic,  pneumatic, 
etc.,  authorities,  each  of  whom  has  naturally  the  right  and 
desire  to  see  that  the  electric  light  mains  do  not  interiere 
with  their  usefulness. 

The  first  thing  in  actual  work  upon  the  spot  is  :  officers 
and  office.  The  superintendent  of  main  laying  is  usuaUy  a 
permanent  official  of  the  main-laying  contractors,  and  a 
sharp,  knowing,  businesslike,  thoroughly  dependable  man 
he  must  be — ^a  gentleman  in  manners  to  meet  various 
authorities  and  inspectors,  capable  of  controlling  the 
roughest  workmen,  and  able  to  cope  on  the  instant 
with  all  kinds  of  practical  difficulties — and,  we  hope, 
well  trusted  and  well  paid.  He  usually  has  his 
own  equally  trusted  foreman  or  ganger.  This  foreman, 
on  the  commencement  of  the  job,  he  sends  off  into  the 
highways  and  bveways,  and  the  "weel  kennt"  public- 
houses  for  a  supply  of  navvies,  bricklayers,  or  labourers,  as 
he  may  require.  The  superintendent  himself  then  goes  and 
looks  out  for  a  convenient  yard  and  office,  as  a  centre  of  work 
upon  the  district  He  may  have  a  contractor's  office  on 
wheels  or  he  may  not ;  but,  in  any  case,  he  usually  requires 
some  place  for  storage  of  goods,  and  he  will  select  this  from 
some  builder's  yard,  or  spare  shed,  or  piece  of  ground,  for 
which  he  will  pay  a  sum,  half  a  sovereign  or  a  sovereign 
a  week,  greater  or  less,  according  to  his  requirements  and 
the  situation  of  his  work.  To  this  place  the  materials  of 
construction  are  sent  ready  for  use. 

By  this  time  the  labourers  appear  on  the  scene.  They  are 
passed  under  review,  questioned,  and  selected  or  rejected 
according  to  capabilities,  and  hired  to  begin  work  on  a 
certain  day.  The  ganger  should  see  after  the  men,  keep 
the  time-sheets,  and  should  have  power  to  dismiss  any  man 
summarily  if  need  be,  but  not  to  engage  them  without  the 
sanction  of  the  superintendent  who  has  charge  of  the  job. 
He  it  is  who  hires  all  the  men,  lays  out  and  directs  opera- 
tions, settles  difficulties,  corrects  time-sheets,  pays  the  men, 
and  is  responsible  to  his  employers,  the  contracting  firm  or 
company  themselves. 

The  route  will  usually  be  marked  upon  a  plan  specially 
prepared.    The  streets  have  to  be  gone  over  and  carefully 
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examined.  Where  possible  it  is  better  to  run  the  mains 
under  the  pavement  rather  than  under  the  roadway  itself, 
both  for  cheapness  and  ease  of  getting  at  the  mains,  absence 
of  interruption  of  vehicular  traffic,  and  also  as  less  strength 
is  then  required  in  the  construction.  This,  however,  is  not 
always  possible.  The  pavement  must  be  examined  to  see 
as  far  as  possible  beforehand  what  other  mains  are  under- 
ground— ^the  presence  of  telegraphs,  water,  hydraulic 
mains,  etc.,  and  cellars  can  be  to  some  extent  detected  by 
the  various  iron  boxes  let  into  the  pavement,  but  the  gas 
and  water  pipes  on  the  roadway  cannot  of  course  be  always 
known  beforehand,  and  dips  and  ditmrs  are  sometimes 
necessai^.  In  some  parts  of  the  principal  streets  of  London, 
so  full  IS  the  roadway  of  various  mains,  that  the  whole 
space  when  dug  down  seems  filled  with  pipes — ^gas,  water, 
telephone,  telegraph,  pneumatic,  hydraulic,  etc.,  crossing 
and  recroflsing,  of  all  sizes,  and  at  all  depths,  so  that  the 
problem  of  laving  an  additional  electric  light  main  along 
any  extendea  length  becomes  a  difficult  and  delicate 
problem.  The  main  has  to  be  threaded  in  and  out,  over 
and  under,  in  a  way  that  requires  a  system  admitting  of 
considerable  flexibility,  and  it  can  be  understood  that 
systems  which  require  straight  pipes  and  large  conduits,  or 
which  necessitate  the  straining  of  copper  cables  in  air,  as 
some  systems  do,  would  be  inadvisable,  or  even  impossible 
of  application  in  such  crowded  localities.  Test  holes  drilled 
or  dug  in  the  ground  at  certain  spots  would  be  occasionally 
useful  to  gauge  the  condition  of  an  unknown  road  bed.  In 
new  districts  this  is,  of  course,  not  so  necessary,  and  there 
is  usually  plenty  of  room  for  pipes,  or  even  conduits  of 
considerable  size. 

Having  marked  out  the  direction  of  the  main,  and  settled 
upon  the  position  of  the  road-boxes,  the  workmen  are  set 
to  work  at  as  many  places  as  possible,  consistent  with  keep- 
ing a  thoroughfare.  The  trenches  are  dug,  the  road-boxes 
built  in  brick  or  concrete  and  properly  fitted  in.  The 
mains  then  are  laid  in  the  trench,  piece  by  piece  and 
jointed,  or  they  are  drawn  in  after  the  trench  is  closed, 
according  to  the  system  of  mains  adopted.  Tests  are  made 
of  the  cables,  and  the  stones  of  the  roadway  are  then  re- 
placed temporarily  sufficient  for  ordinary  traffic,  notice 
being  given  to  the  vestry  authorities,  who  then  come  and 
make  good  the  road  themselves.  The  actual  details  of  the 
main  laying  varies,  of  course,  with  the  various  systems,  in 
the  manner  which  we  shall  next  describe. 


AN  ELECTRIC  MINING  LAMP. 


At  the  evening  meeting  of  the  Inventors'  Institute  on 
Wednesday,  the  17th  inst,  Mr.  S.  J.  Mackie,  hon. 
sec,  in  the  chair,  a  paper  was  read  "On  an  Electric 
Mining  Lamp  and  New  Primary  Battery,"  by  Messrs. 
Charles  Nestor  Oauzentes  and  Walter  Lucey  Strong,  of 
which  the  following  is  an  abstract.  The  paper  was  illus- 
trated bv  models  showing  that  current  applicable  to  all 
electrical  purposes  could  be  produced. 

The  scientific  results  claimed  by  the  authors  were — 1. 
The  maintenance  of  a  regular  and  constant  diagram  in  each 
element  and  with  a  single  exciting  fluid.  2.  Constant  and 
regular  decomposition  of  the  metal  anode  without  produc- 
tion or  emanation  of  any  fugitive  gas.  3.  The  transformar 
tion  of  the  exciter  into  metallic  salt  without  perceptible 
heat  during  the  working  of  the  battery.  4.  Total  suppres- 
sion of  all  local  resistances. 

The  mechanical  or  material  part  of  the  element  has  been 
greatly  simplified  and  improvea  by  a  long  course  of  study 
and  experiments.  Each  cell  now  serves  a  double  purpose, 
namely,  first  as  the  containing  vessel ;  secondly,  as  part 
of  the  element.  Two  important  results  are  thereby 
secured — diminution  of  weight  and  increase  of  surface. 
This  double  economy  is  of  no  little  importance,  more 
especially  in  portable  batteries.  The  metal  which  serves  as 
the  anode  of  energy  is  refined  by  a  new  and  simple  pro- 
cess, and  effects  the  maximum  production  of  current  without 
fear  of  rapid  polarisation,  which  w^  to  the  present  has  in  other 
primary  batteries  proved  the  great  obstacle  to  thepractical 
employment  of  this  direct  source  of  electricity.  The  fluid 
which  serves  as  exciter  is  a  novel  combination,  giving  in  a 


single  liquid  all  the  properties  necessary  for  the  production 
of  a  regular  and  constant  current,  not  only  from  the 
dynamic  point  of  view,  but  also  in  the  re-absorption  of  the 
sulphates  produced.  This  new  fluid  can  be  manipulated 
without  the  slightest  danger  either  in  preparation  or  in  use. 
It  is  at  present  the  exclusive  property  of  Messrs.  Gauzentes 
and  Strong,  and  a  secret. 

The  miners'  lamp,  which  was  shown  of  full  size  and  in 
action,  possesses  the  following  advantages :  Its  weight 
does  not  exceed  31b.  12oz. ;  it  gives  a  regular  and  constant 
light  for  14  hours;  the  cost  of  maintenance  for  a  week^s 
work  calculated  at  from  72  to  80  hours  does  not  exceed 
5d.,  all  charges  included  ;  the  cost  of  construction  of  each 
lamp  does  not  exceed  5s. ;  the  battery  can  be  guaranteed  to 
last  for  flve  years ;  the  interior  resistance  does  not  undergo 
any  alteration  during  that  period. 

As  a  matter  of  practical  employment^  whilst  eliminating 
all  sources  of  danger,  whether  by  explosion  or  fire, 
the  new  lamps  give  greater  light,  and  that  light 
is  produced  at  a  cheaper  rate,  than  the  ordinary 
lamps  in  general  use.  The  safety  lamp  now  used 
in  the  mines  gives  an  illuminating  power  equal 
to  ^th  of  a  candle.  Supposing  this  power  can  be  regu* 
larly  maintained  for  12  hours,  the  lamp  will  then  have 
given  a  total  light  of  ^^^ths  of  a  candle.  The  new  electric 
lamp  has  an  uluminating  power  estimated  at  fths  of  a 
candle,  consequently  its  total  light  in  the  same  period  is 
equal  to  eight  candles.  That  is,  a  light  nine  times  greater 
in  quantity  and  11  times  greater  in  ^ect  upon  the  surhce 
to  be  illuminated  in  consequence  of  the  power  of  diffusion. 
The  existing  ordinary  miners'  lamps,  giving  ^  c.p.,  cost 
3^d.  per  week.  The  new  electric  lamp,  giving  nine 
times  that  light  and  offering  every  security,  oosts 
5d.  per  week,  thus  showing  a  great  economy  over 
the  ordinary  lamp,  and  whicm  to  give  an  equal  light 
would  cost  3^  + 9 » Sixpence.  These  results  hiave  been 
verified  over  and  over  again  with  the  greatest  care*  No 
serious  objection,  therefore,  can  be  advanced  against  the 
adoption  of  the  new  electric  light  lamp  on  the  cost  of 
maintenance,  and  still  less  on  the  point  of  cost  of  construc- 
tion. 

From  the  practical  standpoint  of  actual  use  in  coal  mines 
repeated  experiences  do  not  leave  a  doubt  upon  the  matter. 
Some  letters  of  testimonv  were  then  read^  amongst  them 
one  from  the  manager  of  a  la^e  mine  in  one  of  the  most 
important  coalfields,  that  of  the  Rhondda  Valley,  in  South 
Wales.  The  author  also  referred  to  the  test  of  one  of 
these  lamps  made  by  the  honorary  secretary  of  the 
institute  (Mr.  S.  J.  Abiclde),  who  had  it  specially  obnfided 
tx>  him  for  the  purpose. 

The  authors  showed  a  portable  table  lamp,  a  pocket 
kmp,  and  medical  and  hiboratory  batteries,  and  an  auto- 
matic battery  consisting  of  groups  of  elements  arrayed  in 
sections  for  numbers  oi  lamps  or  for  traction. 

The  table  lamp  gives  the  happiest  results  alike  in  its 
security  from  fire,  its  cheapness  in  use,  and  its  illuminating 
power.  The  pocket  lamp  is  for  railway  reading, 
theatrical  ballets,  and  other  purposes.  Having  succeeded 
in  decomposing  the  materials  necessary  for  the  production 
of  electric  current  without  emanations,  these  small  batteries 
can  be  hermetically  closed,  and  in  this  way  their  practical 
applicability  is  evident  Objecting  to  the  use  of  artificial 
resistances,  which  in  reality  mean  a  loss  of  part  of  the 
energy  developed,  the  authors  have  constructed  and  com- 
bined the  elements  of  their  medical  and  laboratory  batteries 
in  such  manner  as  only  to  produce  the  current  required. 
Above  all,  it  appears  to  them  that  it  is  more  rational  to 
act  upon  the  source  of  the  current  than  upon  the  external 
delivery  of  it. 

DiSCfUSSION. 

Mr.  Jamas  asked  whether  the  internal  resistance  did  not  increase 
in  courae  of  time,  and  as  to  the  eas  evolved  ? 

Mr.  Jarman  asked  whether  we  E.M.F.  did  not  fall  as  the  sino 
was  oonsumed,  for  he  imagined  it  was  zinc,  and  the  internal 
resistance  increase  as  the  metal  was  attacked  by  the  liquid  ?  As  to 
cost  of  producing  the  current  for  traction  or  other  puxpoees,  if 
chemical  laws  were  right  they  would  have  to  consume  fe^lb.  of 
zinc  where  121b.  of  coal  would  do. 

Mr.  Maekte  (the  chairman)  spoke  in  favourable  terms  of  the 
battery,  and  read  a  letter  from  a  Mr.  Steele  in  the  same  strain. 
MSr.  TlMipe  also  spoke. 
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In  replyinff,  Xr.  Stroac  said  he  did  not  say  there  was  no 
emanation  of  eae.  There  was,  but  it  was  ahsorbed  as  fast  as 
evoWed,  and  that  was  why  they  could  hermetically  seal  their 
oeUs.  As  to  a  fall  in  the  E.M.F.,  of  course  the  battery  was  not  a 
perpetnal  one,  but  they  could  keep  it  goinff  constantly  for  10 
noaxB,  and  as  a  matter  of  fact  had  done  so  for  21  hours.  The  only 
answer  he  oould  make  to  Mr.  Jarman's  question  as  to  the  con- 
sumption of  dnc  was,  could  he  set  5d.  worth  of  coal  to  give 
him  that  light  (holding  up  a  miners  lamp)  for  72  hours.  He  (the 
speaker)  did  nob  believe  he  oould. 


THE  CITT  U6HTIM& 


At  ihe  fortDighily  meeting  of  the  Oommiasioners  of 
Sewersi  the  question  of  the  lighting  of  the  western 
district  of  the  City  by  eleotridty  was  settled. 

Mr.  Oloubslbt  (the  chairman  of  the  Streets  Com- 
mittee) submitted  a  report  relative  to  the  tenders  for 
lighting  the  western  district  of  the  City  by  electricity, 
and  recommended  that  the  proposal  of  the  Brush  Electrical 
Engineering  Company,  on  similar  terms  to  those  contained 
in  the  agreement  for  the  central  district,  should  be 
accepted.  The  committee  also  recommended  that  the 
application  of  the  Brush  Electrical  Engineering  Company 
for  the  consent  of  the  Commissioners  to  their  application 
to  the  Board  of  T^ade  for  a  provisional  order  should  be 
granted,  subject  to  a  contract  being  executed  as  in  the 
case  of  the  central  district  In  their  report  the  com- 
mittee stated^  that  the  arrangements  for  the  lighting  of 
the  western  district  of  the  City  of  London  were  on  similar 
terms  to  those  arranged  for  the  east  and  central  di3tricts. 
In  response  to  the  advertisement  tenders  had  been 
received  from  the  Brush  Electrical  Engineering  Ciompany 
and  the  Electric  Installation  and  Maintenance  Company. 
These  two  tenders  had  been  referred  to  the  officers 
with  a  view  to  the  preparing  of  a  comparative  statement  to 
ascertain  the  financial  position  of  the  parties,  and  whether 
they^  had  given  the  necessary  statutory  notices  of  their  in- 
tention to  applv  for  provisional  orders.  Their  officers  had 
reported  that  the  tender  of  the  Brush  Electrical  Engineer- 
ing Company  was  on  similar  terms  to  those  contained  in  the 
agreement  entered  into  with  them  in  respect  to  the  central 
district^  ozcept  that  the  power  of  the  **  glow ''  kmps  was  not 
spedfied.  The  oomnany  had  given  notice  of  their  in- 
tention to  apply  to  nrliament  for  a  provisional  order  in 
respect  to  this  district  similar  in  terms  to  that  granted  last 
year,  except  that  in  such  order  only  four  streets  were  pro- 
posed to  be  provided  with  mains,  instead  of  18  streets 
mentioned  in  the  original  specification,  and  the  company 
to  be  allowed  two  years  to  lay  such  mains  instead  of 
31  months.  The  Electrical  Installation  and  Maintenance 
Company  in  their  tender  accepted  genendly  the  conditions 
of  the  contracts,  but  it  appeared  that  the  company  were 
not  able,  with  their  own  resources  alone,  to  carry  out  the 
work  of  publicly  lighting  the  district^  but  they  had  entered 
into  a  provisional  contract  with  the  Electric  Construction 
Corporation  for  the  construction  of  the  whole  of  the  works. 
The]r  had  not  eiven  notice  of  their  intention  to  apply  for  a 
provisional  oraer  this  session.  The  committee  had  very 
gratefully  considered  the  tenders,  and  they  unanimously 
recommended  that  the  tender  of  the  Brush  Electrical 
Engineering  Company  for  lifting  the  western  district 
should  be  accepted,  and  that  it  should  be  referred  to  the 
solicitor  to  prepare  the  necessary  contract  to  give  effect 
thereto.  The  committee,  in  their  report,  further  stated 
that  they  having  had  under  consideration  the  application 
from  the  Brush  Electrical  Engineering  Company  for  the 
formal  consent  of  the  Commissioners,  as  required  by  the 
Board  of  Trade,  to  the  provisional  order  for  which 
they  were  applying  to  light  the  western  district 
of  the  City,  the  committee  recommended  that 
a  resolution  should  be  passed  consenting  thereto, 
subject  to  the  contract  being  executed,  as  in  the  case  of  the 
central  district.  The  committee  had  also  had  under  con- 
sideration the  application  of  the  Brush  Electrical  Engineer- 
ing Company  for  Blackfriars  Bridge  to  be  included  in  their 
area  of  supply  with  a  view  to  laying  their  mains  from  their 
proposed  central  station  to  the  subway  in  Queen  Victoria- 
street,  and  the  committee  recommended  that  the  company 
should  be  referred  to  the  Bridge  House  Estates  Comnuttee, 


as  having  the  control  of  the  bridge,  and  that  a  letter  should 
be  addressed  to  that  committee  in  support  of  the  applica- 
tion. 

Mr.  Cloudslky,  in  moving  the  adoption  of  this  report, 
said  the  subject  was  so  old  a  one  that  he  need  not  enter 
into  details  upon  it  The  Streets  Committee  had  bpent  a 
very  long  time  in  discussing  these  tenders,  anl  they  had 
been  assisted  by  Mr.  Preece,  their  electrical  engineer,  and 
with  his  advice  the  committee  unanimously  came  to  the 
conclusion  that  this  tender  of  the  Brush  Electrical  Engineer- 
ing Company  was  the  one  which  should  be  accepted,  and 
he  had  no  doubt  that  tiie  Commissioners  would  agree  with 
the  Streets  Committee. 

Mr.  Morton  &%id  he  should  like  to  ask  when  any  portioD 
of  the  City  would  be  lighted  by  electricity. 

The  Solicitor  said  die  contractors  had  commenced  work 
in  the  main  thoroughfares,  and  these  would  be  completed 
within  nine  months  from  the  date  of  the  contract — ^namely, 
May  19. 

The  Chairman  stated  that  the  Brush  Electrical  Com- 
pany were  already  engaged  in  preliminary  work  which  niust 
be  done  before  they  coidd  venture  to  apply  for  permission 
to  open  the  streets. 

Mr.  C.  T.  Harris  said  he  would  not  go  into  details,  but 
he  must  say  that  he,  as  a  member  of  the  Commissioners, 
would  never  consent  to  a  contract  which  undertook  to  give 
a  monopoly  in  private  lighting  for  a  period  of  21  years,  or, 
indeed,  for  any  period.  As  matters  stood  at  present  the 
Commissioners  of  Sewers,  as  the  lo(»l  authority,  must  oppose 
any  other  company  which  would  seek  for  powers  in  parts 
of  the  City. 

Mr.  Pannbll,  interrupting,  thought  that  the  position  of 
things  should  be  explained.  He  did  not  think  the  hon. 
member  was  in  order.  The  fact  was  that  two  districts  in 
the  City  had  been  taken  up  and  certain  terms  come  to,  the 
Commissioners  arrangins  to  take  the  tenders  on  similar 
terms.  He  asked,  thererore,  whether  the  hon.  member  was 
in  order  in  discussing  contracts  already  agreed  to  ? 

The  Chairman  said  he  believed  the  terms  had  already 
been  agreed  upon. 

Mr.  C.  T.  Harris  contended  that  such  was  contrary  to 
Colonel  Majendie's  report,  he  being  of  opinion  that  it  was 
desirable  that  two  companies  should  be  in  eveir  district 
He  reminded  the  Court  that  the  alternating  supply  did  not 
supply  force  for  motive  power;  that  it  was  useless  for 
motive  power,  and  the  Commissioners  could  not  help 
themselves  beoause  they  had  bound  themselves  to  oppose 
any  company  on  the  direct  supply  principle.  To  manufac- 
turers in  the  City,  probably,  a  motive  power  in  the  future 
would  be  absolutely  necessary. 

Mr.  Shaw,  rising  to  a  point  of  order,  said  this  question 
had  already  been  discussed  at  considerable  length,  and 
they  were  now  told  that  the  terms  were  similar. 

The  Chairman  :  They  are  identicsl 

Mr.  Sly  rose  to  a  point  of  order. 

The  CHAiRBfAN :  I  want  Mr.  Shaw  to  conclude  his 
remark. 

Mr.  Shaw  :  The  question  I  ask  is.  Has  not  this  which 
Mr.  Harris  has  been  speaking  upon  been  decided  already  f 

Mr.  Bridoman  :  Is  it  not  in  order  for  an  hon.  member 
to  speak  upon  a  contract  that  is  about  to  be  entered  into  f 

The  Chairman  :  If  Mr.  Harris  had  been  out  of  order  I 
should  have  ruled  it  so. 

Mr.  Harris,  continuing,  said  in  the  district  he  was 
familiar  with — namely,  in  Victoria-street,  Westminster — 
there  were  two  electricid  companies  working,  and  con- 
sumers had  the  choice,  and  the  direct-supply  system  was 
preferred  because  it  was  a  low  system  and  wumd  supply 
motive  power.  He  believed  that  in  years  to  come  the 
Commissioners  of  Sewers  would  be  placed  in  an  unfortu- 
nate position  in  respect  to  their  present  action  with  the 
consumer.  He  repeated  that  he  would  never  consent  to 
a  contract  wluch  gave  a  company  an  absolute  monopoly 
for  21  years,  or,  indeed,  any  period.  It  was  an  exclusive 
supply  that  the  Brush  Company  wanted,  but  he  thought 
in  the  interests  of  the  consumers  that  this  was  most 
undesirable. 

Mr.  Pannsll  said  on  the  last  occasion  when  this  subject 
was  under  discussion  here,  the  Commissioners  resolved 
that  the  coi^ipittee  should  be  at  liberty  to  invite  tenders 
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OD  tbs  basiB  of  the  tenders  already  accbpted,  and  the  com- 
mittee were  empowered  to  obtain  what  bettei  conditiona 
the;  could.  The  committee  found  that  the;  had  only  two 
Kpptic4tiona  before  them,  and  one  of  these  tenders,  their 
technical  adviser  told  them,  did  not  come  within  the  con- 
tract form  at  all.  Being  so  advised,  they  had  only  to  deal 
with  the  tender  before  them,  and  this  tender  had  been  made 
by  a  company  which  had  pven  notice  to  apply  to  Parlia- 
ment for  an  order  in  the  ensuing  session.  If  the  Commis- 
■ioners  did  not  accept  this  one  after  six  years'  considera- 
tion on  the  subject,  much  delay  would  ensue,  and  after 
listening  to  the  last  speaker,  a  new  member  of  the  Court 
might  very  well  imagine  that  this  was  the  first  occasion 
upon  which  the  subject  had  been  discuwed.  But 
these  points  had  been  disposed  of  years  ago.  After  six 
years'  consideration  the  committee  now  unanimously  recom- 
mended the  acceptance  of  this  tender.  If  the  Court  did  not 
do  this  it  would  put  the  lighting  of  this  district  by  electri- 
city back  another  year  or  more. 

Mr.  Morton  asked  how  far  the  private  consumer  wae 
protected  in  this  matter. 

The  Solicitor  replied  that  the  consideration  of  the  com- 
mittee had  not  been  so  much  in  regard  to  tho  private  con- 
sumer, because  they  had  to  deal  with  public  lighting  ;  but 
the  private  consumer  was  protected  by  a  sliding  scale,  by 
which,  if  the  profits  of  the  company  increased,  the  cost  to 
the  consumer  decreased. 

Mr.  Morton  :  But  is  there  a  limit  1 

The  SOLicrroR :  Oh,  yes,  there  is  a  limit. 

The  report  of  the  committee  was  then  unanimously 
agreed  to. 


ON    THE    CHEHISTRY    OF    SECONDARY 
CELLS.' 


NOTES 


K.    W.    BHITB,    J 

iContinntd  from  pagt  SS^.) 

for  the  kake  of  oomparisoD,  the  percentaf^  of  PbO,  ab  A  In  the 
foUowiDC  t«bl«  is  t^en  u  47-9,  m  at  C. 

The  caloDlatloTu  refer  to  mean  values  of  PbO|  and  the  valnM  ol 
the  P.D.  before  breaking  circuit. 
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in  interval 

In  interval 
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AtoB 
BtoC 
CtoD 

3-0 
4-8 
38 

31 
1-6 
7-4 

27-6 
8-8 
10-8 

iDtervaL 

Decrease  per 

bonrin  paroent- 

sgeKcV 

ciewe  in  P.D. 
in  interval. 

1 

crease  inTbO, 
in  iDtervaL 

A'toB' 
B'toC 
Ctfliy 
lytoE' 

4-3 
3-6 
2-6 
16 

2-1 

5-4 

67-4 

lTO-0 

311 
lS-3 
6-6 
5-4 

The  ■creeDiDH!  ia&uenoeof  lead  sulphate  is  clearly  brought  cut 
Id  this  table.  Between  A  and  B  tho  enrface  film  and  the  coating 
*n  the  partially  redaced  granules  of  PbO,  are  got  rid  of ;  then  m- 

iween  B  and  C  the  pare  lead  Bull -     ..      . 

tween  C  and  D,  with  the  removal 

fid  rise  in  volta  P.  D. 
t  will  be  observed  that : 

(a)  The   {jartioles  of  the  peroxide  very  „  .         ..  _ 

diBcharge  with  a  layer  of  lead  sulphate,  which  protects  the  peroxide 
*         '     -'  M  shown  hy   the  examination  of  the  dark- 


]  get  coated  in 


from   further  action,  ,  _ 

coloured   residoes  which   contained    [leroxide,   and   which 
rendered  very  hard  to  dissolve  by  the  coatintr  of  sulphate. 

{b)  The   analysis  also  shows  what  a  large  proportion  of  active 
malarial  is  still  remaining  atthe  end   of  the  discharge.    This 
been  remarhed  on  by  many  experimenters. 

(c)  The  loose  powdery  Burtace  of  the  poaitive  plats  seems  to  be 
thoroughly  converted  ioto  lead  sulphate.  C  and  B'  dissolved 
readily,  leaving  pure  white  residues. 

id)  When  toe  peroxide  in  the  surface  of  the  plate  falls  to  about 
31  percent,  the  (wll  loses  ite  E.M.F.  very  rajiidly,  owing  to  the 
inactive  layer  of  sulphate  impeding  the  action  of  the  sulphuric 
acid  on  the  active  material  behind  it,  and  also  to  the  formation  of 
peroxide  on  the  negatives.  The  dlfTusivity  of  Cheacid  is  decreaaiog, 
and  it  has  to  penetrate  further  into  the  plato  to  find  active 
material.  When  the  whole  of  the  paste  approaches  this  composi- 
tion of  31  per  cent,  peroxide,  the  cell  loses  its  E.M.F.  entirely. 


(«)  The  action  seems  to  take  place  most  rapidly  where  the 
current  density  is  greatest ;  the  plate  gets  bard  there  from 
sulphate  soonest  on  discharge,  and  oxidises  quickset  on  charee. 

Plants  and  Messrs.  Gladstone  and  Tribe  have  both  noticed  the 
formation  of  peroxide  of  lead  on  the  negative  plate  during  dis- 
charge, and  Dointed  out  that  onoe  it  is  formed  more  rapidly  than 
it  is  reduced,  the  two   plates  ' "  .....  ■ 

equilibrium;  that  when  the  c __.   ... 

can  take  place,  ani  tbia  will  reduce  the  peroxide  on  the  negative 

plate,  and  on  nwJ""  """ "      "   ---'-■^-   —" —"•   — ' — ' 

current;  and  in  tbis  way  M —  

for  the  resuscitating  of  the  cell,  as  well  as  for  the  rise  of  E.M.F. 
on  breaking  the  discharging  circuit. 

I  have  to  acknowledge  the  facilities  aflbrded  me  tor  eeelng  Uie 
pings  as  they  were  removed,  and  the  care  taken  to  let  me  have  the 
samples  in  good  condition. 

I  am  also  indebted  to  Prof.  Armstrong  for  his  invaloable  advice 
and  assistance  in  the  execution  of  the  work. 

O.  H.  RoBBaTsoir. 

From  the  toesn  reeulta  of  the  preoeding  analyds  earried  ont 
by  Mr.  Robertson,  we  have  drawn  the  corves  seen  in  the  lower 
part  of  Figs.  I  and  2,  and  which  show  the  percentage  of  PbOj 


and  discharge. 


I  the 


)  poaitive  plate. at  all  stages  of  the  obarf^ 
FbO^  oorve  for  charge  t^e  flnt  point  is 
lis  of  the  plugs  at  the  end  of  ih»  nonnal 


volts,  indicated  by  the  point  C  in  Fig.  2.  The 
PbO,  actually  found  in  the  positive  plugs  at  the  pi 
by  A,  Fig.  1,  does  not  lie  on  the  PbOj  oorve  as  c 


discharge — that  is,  v     . 

iMUoated 

drawn,  bnt,  as 
aireaay  indicated,  this  arises  fmo  tbe'speoimena  removed  from 
the  pings  at  experiment  A  being  only  scrapings  off  t^snrfaoa^  and 
therefore  not  repreeenting  the  average  omutitntion  of  the  [dugs. 
On  all  subsequent  occasions  when  specimens  were  raooved  (run 
the  plates  whole  plugs,  as  already  stated,  were  detMdied.  The 
analysis  at  the  point  A,  Fig.  1,  was  therefore  abnormal,  and  the 
peroentage  of  PbO,  obtainsd  for  Uiis  point,  and  wbiob  is  given  in 
the  table,  is  not  indicated  on  the  curve. 

If  the  energy  given  oat  by  the  cell  be  produoed  by  the  conver- 
sion of  PbOf  In  Uie  positive  plugs,  and  of  Pb  in  bhs  negatiTe,  Into 
lead  sulphate,  a  constant  value  of  the  P.D.  at  the  terminals  of  the 
oell  when  a  constant  cnrrent  is  passing  through  it  ought  to  corre- 
spond with  a  constant  rateof  variation  of  the  percentage  of  PbO, 
in  the  positive  plugs,  so  that  for  a  oonstant  corrent 

tho  terminal  P.D.  shonkl  «    **  ^°*'  . 


dl 


I  repreeenting  time.  This  oonneotion  Is  eeen  to  exist  fair 
the  ease  of  the  discharge  where  the  slope  of  the  PbO] 
roughly  constant  as  long  as  the  P.D.  Is  oonstant,  and  a 


fairly  well  in 


(allhig.     In  the  c 

'     of  the  P.D.  1 , , 

,  bnt  this  arises  from  the  fact  that  towards  tbe  (uid  of  the 
charstnK  there  is  a  rapid  rise  in  tbe  resistance  of  a  oell,  and  there- 
fore in  the  P.D.  required  to  send  a  constant  cnrrent  tluroaeh  it[ 
further,  the  back  E.M.F.  steadily  increases  during  charginir  on 
account  ol  the  polarisation,  which  grows  larger  and  larger  from 
the  continuous  evolution  of  gas  at  the  surface  of  the  plates. 


*  Paper  read  before  the  Institution  of  Electrical  Engineers. 


As  already  explained,  the  constant  discharge  current  of  10 
amperes  was,  by  tbe  employment  of  some  auxiliary  cells,  kept 
flowing  tbroogh  tbe  accumulator  under  test  even  when  its  E.M.F. 
became  very  small.  Towards  the  end  of  tbe  disoharge  the  fall  of 
P.D.  at  the  terminals  of  the  cell  under  test  became  extremely 
rsfad,  so  that,  for  example,  on  closing  the  circuit  after  the  removal 
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of  the  plugs  at  jy.  Fie.  2,  the  P.D.  fell  from  1-9  to  0*6  Toltl  in  33 
minntes,  as  seen  from  Fig.  10.  This  ra^M  fall  is  probably  due  to 
lead  peroxide  being  formed  on  the  negative  plates  more  rapidly 
than  itoould  be  removed  by  local  action,  since  the  chemical 
analysis  showed  decided  evidences  of  lead  peroxide  on  the  plngs 
removed  at  I^  from  the  negative  plates.  At  E',  Fig.  2,  the  E.M.F. 
of  the  acoamnlator  under  test  became  roverasd,  bat  rapidly  ro- 
covered  its  original  direction  on  stopping  the  discharge  ciurent, 
as  seen  from  Fig.  11. 

It  is  a  verr  striking  example  of  the  recuperative  action  of  a 
secondary  cell  that  you  can  completely  dischar^  it,  as  jrou  think, 
and  then  even  chaiip^  it  in  the  wrong  direction,  but  it  will,  on 
being  insulated,  rapidly  recover  an  E.M.F.  in  the  original  direc- 
tion. Indeed,  we  were  told  of  a  curious  case  some  time  back. 
After  the  removal  of  the  laboratory  employed  for  testine  ammeters 
fromonepartof  a  well-known  London  factory  to  another,  itwasfound 
that  the  &.P.S.  accumulators  always  ran  down  very  rapidly  whenever 
anattemptwasmadetousethem,  in  spiteof  their  having  been  charged 
in  the  intervals.  As  the  E.M.F.  was  always  in  the  rieht  direction, 
it  was  supposed  that  the  oells  had  become  partially  short-circuited 
in  the  removal,  and  it  was  not  for  some  time  that  the  true  explana- 
tion of  the  refusal  of  their  cdls  to  do  their  work  was  discovered. 
The  real  fact  was  that  in  fitting  up  the  new  laboratory,  the  loads 
from  the  djmamo  to  tJie  switch  nad  been  reversed,  so  that  the 
unfortunate  ceUs  were  charged  in  the  wrong  direction  every  time 
the  dynamo  was  turned  on. 

The  precedinff  incident  also  forcibly  illustrates  the  sort  of  atten- 
tion that  secondary  ceUs  may  receive  in  practice,  and  shows  the 
necessity  for  the  P.D.  and  specific  gravity  being  occasionally 
measured  even  in  places  where  the  stuoy  of  tne  behaviour  of  cells 
is  not  the  main  business  of  the  factory. 

One  of  the  great  delects  dF  the  earlier  specimens  of  the  E.P.S. 
oells  lay  in  the  bucUinff  of  the  plates.  Mr.  Capito  tells  us  that  it 
was  Mr.  Collet  who  noticed  that  idl  the  i>lates  generallv  curved  in 
one  direction,  and  who  suspected  that  this  arose  from  the  unequal 
chemical  action  on  the  two  sides  of  the  last  positive  plate  of  the 
oelL  Mr.  Collet  therefore  proposed  puttinj^  a  negative  plate  at 
each  end  of  Uiif  ceU,  ana  tnis  plMi,  which  has  been  always 
followed  since,  of  usine  one  more  negative  than  positive  plate, 
has  had  much  to  do  wiw  removal  of  the  buckling  difficulty. 

v.— EvnscT  oj  Ri8T  on  Chabokd  Aooumulatobs. 

As  the  result  of  a  number  of  tests  described  in  our  Edinbni]gh 
paper,  we  found  that  if  E.P.S.  accumulators  be  charged  with  nine 
amperes  and  discharged  wiUi  10,  a  number  of  times  without  inter- 
mission, between  the  jP.D.  limits  of  1*8  and  2*4  volts  per  cell,  until 
the  cells  are  brought  tea  perfectly  steady  "working  state,"  the 
quantity  efiidency  is  about  07  per  cent.,  and  the  energy  efficiency 
87  ;  further,  that  if  the  oells  be  fully  chai]^;ed  until  the  P.D.  per 
cell  is  2*4  volts,  and  then  be  left  perfectly  insulated  iot  16  days, 
the  next  discharge  between  the  fixed  P.D.  limits  only  gives  out 
about  65  per  cent,  of  the  ampere-houra,  and  about  67  per  cent,  of 
the  ener;^  put  in  before  the  rest.  Further,  not  merely  is  energy 
lost  dunng  the  rest  of  an  insulated  accumulator,  but  for  sevend 
subsequent  charees  and  discharges  between  the  same  P.D.  limits 
after  tne  rest  the  storage  capacity  and  the  quantity  and  energy 
efficienciee  are  all  lower  tnan  before  the  rest. 

For  the  purpose  of  examining  into  what  took  place  in  an  accumu- 
lator whicn  was  left  charged,  a  small  E.P.S.  cell  was  charged 
until  the  P.D.  was  2*4  voUs,  and  Uien  the  poeitive  plates  were 
withdrawn  and  put  into  another  vessel  containing  dilute  acid  of 
specific  gravity  1*2,  the  negatives  being  left  in  the  vessel  in  which 
tney  were  charged.  Both  sets  of  plates  were  covered  up  with 
guttapercha  hoods  the  edges  of  which  dipped  under  the  liquid,  and 
to  the  top  of  each  hood  was  fitted,  gas-tight,  a  vertical  graduated 
elass  tube  closed  at  the  top.  The  hoods  and  the  glass  tubes  were 
Brat  fiUed  with  liquid,  and  the  amount  of  gas  that  came  off  from 
the  two  sets  of  plates  was  measured  from  day  to  day  by  watching 
the  descent  of  the  liquid  in  the  tubes. 

No  gas  was  seen  to  come  off  from  the  positive  plates,  but  in  the 
case  of  the  negatives  gas  came  off  very  slowlv  at  fint,  then  more 
rapidly,  and  finally  more  slowly  again.  The  following  table  gives 
a  record  of  the  amount  of  gas  t&t  came  off  from  the  negative 
plates,  the  gas,  on  analysis,  being  found  to  be  hydrogen*: 

Htdbogbn  Oa8  Collbotxd  vbom  Cbasosd  Neoativx  Plates  afteb 

RiMovAL  OF  Posmvs  Platxb. 


Date. 

Time. 

Cubic  centi- 
metres of  gas 
ooUectea. 

Time  of 

collecting  gas, 

in  houn. 

November  15th 

17th 

20th 

21«t 

22nd 

H.  M. 

11  45 
10    0 

12  0 
10    0 
10    0 

0 

2 

52 

72 

87 

0 

46 

120 

142 

166 

If  the  lead  of  the  positive  plate  be  turned  into  lead  sulphate 
by  local  action,  87  c.c.  of  hydrogen  libereted  corresponds  with 
about  0*81  gramme  of  lead  tum«i  into  sulphate.  It  is  clear, 
then,  that  the  lead  of  the  negative  plate  is  steadily  being  turned 

*  Since  the  preparation  of  this  paper  we  have  noticed  that  Dr. 
Gladstone  ana  Mr.  Hibbert,  in  their  paper  communicated  this 
summer  to  the  Phvsical  Society,  have  also  observed  that  hydrogen 
comes  off  from  a  charged  negative  plate  of  a  secondary  cell  wnen 
left  idle, 


into  some  oxide  or  salt,  and  probably  the  loss  of  energy  which  we 
observed  in  the  charged  cell  left  insulated  for  many  &f%  was  doe 
to  this  local  action  at  the  negative  plate.  And,  further,  as  this 
action  takes  place  apparently  only  at  we  negative  plate,  it  is  clear 
that  in  subsequent  aischarge  the  cell  will  appear  to  be  discharged 
before  the  positive  plate  is  discharged,  and  chaijged  up  afi^ 
without  reducing  all  the  lead  sulphate  on  the  negative  plate.  The 
local  action  at  the  negative  plate  while  a  cell  is  standing  charged 
has,  therefore,  for  the  firat  few  discharges  and  charges  after  a 
long  rest,  exactly  the  same  effect  as  if  a  portion  of  the  negative 
plate  had  been  bodily  removed  out  of  the  cell,  Henoe,  we  see 
that  the  peculiarities  observed  by  us  in  curves  8  to  23  in  oar 
Edinburgn  paper  may  be  explained  by  this  defective  behaviour  of 
the  negative  plates. 

VL—CONBTBUOTIOK    AKD    FOBMATIOK    OT    E.P.S.    PLATO. 

Thequestion  arises  why  the  E.P.S.  accumulators  are  so  constructed 
that  the  plugs  in  the  positive  plates  contain  some  48  per  cent. 
more  peroxide  of  lead  than  is  required  to  be  converted  into 
sulphate  in  the  normal  discharge.  Two  explanations  suggest 
themselves.  One  is  that,  since  the  granules  of  lead  peroxide 
beein,  as  we  find,  to  be  coated  with  a  protecting  coating  of  sulphate 
early  in  the  discharge,  it  is  impossible,  with  Sie  present  form  of 
plate,  for  the  interior  of  each  granule  of  lead  peroxide  to  be  con- 
verted into  sulphate,  and,  therefore,  it  is  necessary  to  employ 
nearly  twice  as  much  lead  peroxide  as  is  actually  needed  for  the 
chemical  action.  Another  reason  is  the  fear  of  the  positive  pli^ 
crumbling  to  pieces  if  it  be  completely  formed.  And  this  reason 
Mr.  Capito,  wno  was  formerly  in  the  employ  of  the  Electrical 
Power  Storage  Company,  thinks,  on  the  whole,  is  the  more 
important. 

in  the  construction  of  the  original  Faure  accumuUtore,  as  well 
as  of  the  early  E.P.8.  cells,  boUi  the  positive  and  t^e  negative 
plates  were  pssted  with  red  lead  (PbjOi),  and  formed  togetfor  for 
a  period  of  some  50  houn.  Later  on  Utharge  (PbO)  was  used  to 
coat  the  negative  plate,  red  lead  being  used  onlv  for  the  positive 
one,  and  the  plates  were  formed  separately,  the  negative  being 
much  more  formed  at  the  works  than  the  positive.  Some  time 
ago  I  was  informed  by  a  very  competent  authority  Uiat  the  follow- 
ing is  the  modem  process  of  forming  employed  by  thp  Electrical 
Power  Storage  Company  : 

Pomfo've  Ptotes.— ^"  by  7V'  by  i".  Two  amperes  per  plate,  or 
0*028  ampere  per  square  inch,  sent  for  18  houra. 

^e^tVi  Platts.^V'  by  9|''  by  ^".  One  and  a  half  to  two 
amperes  per  plate,  t.e.,  0'017  to  0*023  amperes  per  square  inch,  for 
120  hours. 

The  actual  time  of  forming  either  set  of  plates  depends  greatly 
on  the  length  of  stoppages  during  the  formation.  This  is  especially 
the  case  with  the  negative  plates,  therefore  they  endeavour  to 
form  the  negatives  for  the  120  houra  without  any  stoppage  of  the 
current.  On  the  receipt  of  a  cell  from  the  Electrical  Construction 
Corporation,  the  purchaser  is  requested  to  form  it  for  40  hours 
more  with  the  ordinary  charging  current  used  in  working,  which 
is  at  the  rate  of  0*026  ampere  per  square  inch. 

Mr.  Capito  tells  us  that,  when  he  was  at  MiUwall,  such  periods 
of  formation  as  120  houra  were  not  used ;  and  he  thinks  that  this 
may  be  due  to  the  fact  that  formerly  the  plates  were  not  dried 
after  pasting  and  before  formation,  as  they  are  at  present*  Thii 
drying  hardens  the  plate  and  produces  a  better  cell ;  but  he  thinks 
that,  as  the  paste  is  itself  mixed  with  sulphuric  acid,  there  is  prob- 
ably some  sulphating  of  the  negative  plates  during  drying,  and 
that  several  houn  in  the  subsequent  formation  are  probably  spent 
in  reducing  this  sulphate. 

The  reason,  we  underatand,  for  the  manufaoturera  only  forming 
the  positive  plates  for  18  houra,  and  leaving  the  purchaser  to  form 
them  for  the  remaining  40  houra,  is  that  if  positive  plates  be  well 
formed  and  then  driea  for  carriage,  the  plugs  become  loose,  which 
is  not  the  case  if  the  positive  plates  be  only  slightly  formed  befora 
drying. 

We  were  interested  in  learning  from  Mr.  Capito  whether,  whUe 
superintending  the  manufacture  of  many  thousands  of  accumulator 
d|ateB,  he  had  ever  tried  pasting  the  positive  with  lead  peroxide 
(PbO,)  in  order  to  avoid  tne  necessity  of  having  to  form  this  salt 
electncally  out  of  the  red  lead  with  which  the  positive  plates  are 
usuallv  pasted.  The  idea  of  applying  a  paste  of  lead  peroxide 
directly  to  the  positive  plate,  he  told  us,  he  nad  tried,  but  that  the 
method  turned  out  a  failure,  from  the  impossibility  of  getting  the 
lead  peroxide  paste  to  stick  on  to  the  grid  even  when  some  red 
lead  was  mixea  with  the  lead  peroxide.  He  also  mentioned  averv 
interesting  fact — that  whereas  a  paste  of  red  lead  mixed  with 
dilute  sulphuric  acid  of  density  1*1  gives  an  adherent  deposit  on 
iormation,  on  the  contrary,  a  powdery  deposit  is  producea  if  the 
density  of  the  liquid  used  in  making  the  red  lead  paste  be  1*2. 
We  understand  the  process  that  has  shown  itself  the  Met  is  to  use 
dilute  sulphuric  acia  of  density  1*1  for  mixing  the  red  lead  paste, 
and  dilute  add  of  1*2  for  mixing  the  litharge  paste  for  the  nega- 
tive plates. 


DisonssioN  ON  «  The  CHsinoAL  Aoviok  or  Sboonbart  Celu,'* 
BT  Pbof.  W.  B.  Atbton,  F.R.S.,  C.  G.  Laxb,  B.Sc.,  axd 
E.  W.  Smith  ;  and  on  "  Thb  Wobking  Effioiknct  of 
sloondart  cxllb,"  bt  the  same  authobs  and  m.  w. 
Woods. 

{AiUhoriaed  Ahshuci,) 

In  opening  the  discussion.  Dr.  OladsloBe  said  he  had  been 
greatly  interested  in  the  points  brought  out  bv  the  authora  and  in 
the  account  of  the  elaborate  experiments  described.      He  was 
I  rather  surprised  that  taking  out  so  many  plugs  from  the  cell  had  not 
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greatly  damaged  it  The  chemioal  results  arrived  at,  he  considered, 
oonfirmed  the  views  put  forward  by  himself  and  Mr.  Tribe  about  nine 
years  ago,  as  to  the  action  of  cells  resulting  in  the  formation  and 
reduction  of  ordinary  lead  sulphate.  Since  that  time,  however, 
many  statements  haa  been  made  attributing  important  functions 
to  subsulphatee,  but  so  far  as  he  and  Mr.  Hibbert  had  investigated 
the  matter,  such  statements  had  not  been  confirmed.  They  now 
believe  that  the  so-called  subsulphatee  are  probably  mixtures 
of  ordinary  sulphate  and  peroxide.  Referring  to  the  difficulty 
eKperienoM  by  Mr.  Robertson  in  analysing  the  powdered 
sulphate,  he  pointed  out  that  ammonium  acetate  could 
be  used  for  dissolving  out  the  sulphate.  Results  obtained 
by  this  method  showed  the  sulobate  to  be  the  normal 
one,  and  he  did  not  think  tne  solvent  would  alter 
any  subsulphatee  if  such  were  present.  In  his  opinion  there  could 
be  no  doubt  but  that  the  sulphate  surrounding  granules  of  peroxide 
would  act  as  stated  in  the  paper,  and  diminish  the  capacity  of  the 
cell.  Speaking  of  the  gas  given  off  by  the  ne^tive  plate,  he  said 
the  fact  had  been  alluded  to  in  a  paper  by  Mr.  Hibbert  and  himself 
recently  published  in  the  Philosophtcal  Afaaaeiine,  They,  however, 
had  not  observed  the  great  differences  in  the  hardness  of  plugs  at 
different  parts  of  the  plates.  This  result  he  considered  important, 
and  thought  it  would  lead  to  a  modification  in  the  form  of  plates. 

Mr.  Groa&irtOB  said  that  for  some  time  past  he  had  been  working 
on  the  subject  of  secondary  cells,  and  had  arrived  at  results  similar 
to  those  brought  forward  in  the  paper.  One  great  advantage, 
however,  of  the  results  contained  in  the  communications  unoer 
discussion  arose  from  the  fact  that  they  were  obtained  from  cells  of 
a  different  type  from  those  he  had  experimented  on,  for  if  he  himself 
had  brought  the  result  before  the  institution  it  would  have  been 
thought  that  the  actions  were  peculiar  to  his  kind  of  cell.  As 
regards  the  "gassing"  of  cells,  ne  had  found  it  due  in  a  great 
measure  to  light.  Both  sun  light  and  arc  light  increased  this 
action,  and  ouantitative  experiments  were  now  being  made.  He  was 
glad  to  see  the  statements  of  the  advocates  of  secondary  batteries, 
as  regards  efficiency,  Had  been  confirmed.  They  had,  he  said, 
been  accused  of  exaggerating  their  efficiency,  and  not  without 
cause,  for  the  cells  themselves  behave  peculiarly,  as,  for  example, 
the  105  per  cent,  quantity  efficiency  mentioned  m  the  paper.  Such 
results  seem  impossible,  and  showed  the  necessity  of  getting  cells 
into  what  the  authors  had  called  "  the  steady  working  state.^'  He 
regretted  that  '*  proof  plates  "  had  not  been  used  in  the  experi- 
ments on  the  running  down  of  cells.  He  had  used  them  for  along 
time,  and  always  found  the  negative  discharged  first.  If,  however, 
very  thick  negatives  were  used,  there  was  no  sudden  drop  in  the 
potential  difference,  such  as  indicated  in  Figs.  2  ana  3.  In 
endeavouring  to  measure  the  resistance  of  the  ceUs  with  a  view  to 
determining  the  best  proportions  of  plates  and  liquid,  he  had  met 
withgreat  difficulties,  and  he  now  believes  that  what  is  usually 
measured  is  of  the  nature  of  a  back  B.M.F.  This  he  supported  by 
saying  that  the  so-called  resistance  did  not  seem  to  vary  either 
with  the  thickness  of  the  plate  or  their  distance  apart,  or  with 
the  density  of  the  acid.  During  his  investigations  a  rosy 
colouration  of  parts  of  the  liquid  had  been  noticed  in  some 
cells.  The  coloured  portions  may  either  appear  as  strata, 
lines,  or  in  tree-like  forms,  and  in  some  cases  resemble  the  shapes  of 
magnetic  lines  of  force.  These  peculiarities,  he  hopes,  may  give 
some  idea  of  the  electric  stresses  and  strains  within  the  electrolyte. 
The  recuperative  power  of  discharged  and  reversed  cells  was  very 
marked,  for  he  had  observed  it  in  cells  that  were  half  charged  in 
the  reverse  direction,  and  on  cutting  up  the  plates,  layers  of 
different  materials  could  be  seen.  This  fact  shows  how  important 
it  is  to  thoroughly  char^  cells  of  the  Plante  type  during  formation 
by  reversals.  UntU  quite  recently  negative  {uates  |had  been  con- 
sidered faultless,  and  the  positives  blamed  for  defects  which  were 
in  reality  due  to  imperiections  in  the  negatives.  He  knew  of  no 
case  in  which  positives  had  ^one  bad  when  their  negatives  had 
sufficient  capacity,  and  for  this  reason  the  negatives  ought  to  be 
made  thicker  or  Urger  than  the  positives.  "  Sick  cells,"'  he  said, 
getnartiaUy  sulphated  and  the  negatives  run  dovm ;  when  the 
E.M.F.  falls  below  1*3  heavy  sulphating  of  the  positive  occurs,  and 
so-called  "  irreducible "  sulphate  is  formed.  In  his  opinion,  the 
reducibility  or  irreducibility  is  merely  a  Question  of  its  position,  or 
of  its  contact  or  want,  of  contact  with  toe  conducting  material. 
In  conclusion,  he  suggested  that  E.P.S.  cells  might  be  improved 
bv  reducing  the  size  of  the  plugs  so  as  to  bring  the  active  material 
cloeer  to  the  lead  backing. 
The  discussion  was  then  adjourned. 


At  the  meeting  on  November  27  the  discussion  was  resumed  by 
Mr.  CroiBpton,  who  directed  attention  to  three  diagrams  which 
he  had  prepared  since  last  meeting.  One  of  these  showed  the 
ohamcter  of  the  colouration  seen  in  the  electrolyte  when  received 
from  the  top.  Curved  lines  or  shells  start  from  the  positive  plates, 
and  turn  away  as  if  repelled  from  the  cell  terminals.  In  one  cell, 
which  had  its + and  -terminals  at  opposite  ends,  the  lines  curved 
towards  the  middle  of  the  cell,  whilst  in  another,  where  the  ter- 
minals were  left  at  the  same  end,  they  bent  towards  the  opposite 
snd.  The  second  diagram  exhibited  the  infiuence  of  the  rate  of 
discharge  on  the  capacity  of  a  cell  having  11  51b.  plates.  When 
dischaiged  at  one  ampere  per  plate  its  capacity  was  300  ampere- 
hours,  but  at  six  amperes  only  about  half.  The  fall  of  volts  was 
very  sudden  at  the  end  of  each  discharge.  The  third  diagram 
related  to  the  discharge  of  an  experimental  cell,  containing  seven 
Olb.  plates,  and  showM  that  although  the  capacities  were  not  very 
different  from  those  of  the  11 -plate  cell,  the  fall  in  volts  was  not 
nearly  ao  sudden. 

Vr.  Weeirenwmti  said  the  papers  under  discussion  were  very 
important  onee,  and  contained  mnch  that  had  never  been  pub- 


lished before.  Many  of  the  faoti,  however,  were  known  to  those 
engaged  in  the  manufacture.  The  question  of  efficiency, 
he  tnought,  was  not  likely  to  be  settled,  since,  aooora- 
ing  to  the  authors,  it  may  vary  between  106  per  cent, 
and  58  per  cent.,  depending  on  the  previous  history  of 
the  cells.  In  his  own  experiments  on  the  effect  of  prolon^ea  rest 
he  had  found  a  similar  loss  of  efficiency,  and  he  believed  this  to  be 
due  to  sulphating  of  the  negatives.  The  negatives  were  always 
played  out  first,  and  this  ddfect  could  not  be  got  over  by  making 
them  abnormally  thick  or  increasing  their  surface,  for  if  thicken- 
ing be  tried  the  interior  is  not  a&ed  on,  whilst  greater  surface 
fives  no  advantage  on  account  of  the  material  bemg  at  different 
istances.  To  test  the  deficiency  of  negative  plates  he  had  die* 
chai*ged  cells  as  low  as  possible  and  then  put  the  positive  with  a 
newly  charged  negative,  from  these  a  fair  E.M.F.  and  discharge 
were  obtained.  He  had  also  tried  amalgamated  sine  instead  of  a 
newly  chamd  negative  ;  and  got  40  per  cent,  of  the  original 
capacity.  Then  facts  account  tor  the  existence  of  PbOjin  the 
positive  plugs  when  the  cell  was  supposed  to  be  completely  dis- 
charged. In  his  opinion  it  would  oe  better  to  say  that  the 
n^atives  were  discharged  too  soon.  The  negatives  of  Flant^  oellst 
especially  those  formea  by  the  nitric  acid  process,  soon  lose  their 
virtue,  and  this  was  attributed  to  the  difficultv  in  removing  all  the 
forming  acid.  In  the  course  of  his  remarks,  Mr.  Reckensaun  said 
he  haa  received  a  very  interesting  diagram  from  his  brother  in 
America,  showing  the  E.M.F.,  current,  density  of  acid,  tempera- 
ture of  cell  and  of  surrounding  air,  etc.,  during  the  charges  and 
discharges  of  a  secondary  battery ;  this  diagram  he  would  place  In 
the  hands  of  the  secretary. 

A  communication  from  Kr.  BaU  was  then  read.  This  related 
to  a  pair  of  E.P.S.  plates  recently  taken  from  the  battery  under 
his  charge  at  the  F.  and  O.  Company's  offices,  where  they  had 
been  in  constant  use  for  six  years.  During  that  period  the  cells 
had  supplied  about  160,000  ampere  hours  and  were  still  in  good 
condition,  as  was  indeed  evident  from  the  appearance  of  the  pUtes 
shown.  In  the  working  of  the  battery,  the  density  of  eaen  cell 
had  been  carefully  watched  and  any  defect  promptly  removed.  His 
experience  confirmed  the  observations  of  the  autnors  on  the  offset 
of  rest. 

Mr.  W.  BLIilMrt,  referring  to  the  Edinburgh  paper,  said  he 
would  first  deal  with  the  high  E.M.F.  at  the  end  of  a  charge,  and 
its  rapid  fall  on  breaking  the  circuit.  In  a  communication  made 
to  the  Physical  Society  last  June,  Dr.  Gladstone  and  himself  had 
shown  reason  for  believing  this  tobe  due  to  ooncentration  of  acid  about 
the  positive  plate  and  its  subsequent  rapid  diffusion,  and  bethought 
the  results  plotted  in  Fie.  6  of  tne  paper  under  discussion,  showmg 
the  effect  of  making  ana  breaking  the  cirouit  of  a  charged  cell  on 
its  E.M.F.  and  P.D.  were  consistent  with  the  idea.  Further  on 
in  the  same  paper  the  authors  si^  that  the  ooncentration 
hypothesis  will  not  explain  the  rise  of  P.D.  in  a  cell  discharging 
after  a  long  lest.  On  this  point  he,  Mr.  Hibbert,  said  that  the 
reactions  in  such  states  wero  very  complex,  but  still  he  thought  it 
would  be  possible  to  find  an  explanation  of  this  phenomenon  based 
on  similar  lines. 

(To  he  eonduded.) 


THE  NEW  OLYMPIC  THEATRE. 


A  special  electric  lighting  plant  has  been  erected  at  the  new 
Olynipic  Theatre.  IVo  compactly-arranged  rooms  have  been 
provided  in  the  basement  below  the  scene  dock,  and  situated  a 
Uttle  distance  from  the  auditorium,  for  the  accommodation  of 
the  engines  and  dynamos.  In  the  boiler-room  are  erected  two 
Davey-Paxman  locomotive  type  boilers,  each  of  60  h.p.,  with 
the  feed  pumps  and  injectors.  The  former  work  at  a  pressure 
of  1501b.,  and  the  latter  are  operated  by  the  exhaust  steam,  the 
feed  to  the  boilers  being  at  about  200d^.  From  the  boiler- 
house  the  main  steam-pipes  pass  into  the  adjoining  en^e- 
room,  which  contains  three  compound  high-speed  GloM  engines, 
of  40  nominal  h.p.,  and  three  43^Aniofi<  Two  of  the  fingineSf 
which  run  at  390  revolutions  per  minute,  are  coupled  direct  to 
the  shafts  of  two  of  the  dynamos,  whilst  the  third  engine  drives 
its  corresponding  dynamo  by  means  of  ropes  at  550  revolutions. 
Each  dynamo  hM  an  output  of  300  amperes  at  110  volts  pressure. 

From  the  dynamo  terminals  the  main  conductors  pass  to  a 
distributing  board,  which  is  so  arranged  that  any  one,  any  two, 
or  bH  throe  sets  of  machines  can  feed  any  one  circuit.  Whatever 
arranj^ement  is  adopted,  it  is  determined  by  the  "  checks  "  in 
the  piece  in  such  a  manner  that  any  sudden  change  in  the  load 
due  to  dark  scenes,  etc.,  is  at  once  divided  between  the  second 
or  third  dynamo  if  the  individual  one  from  which  it  is  being 
operated  varies  beyond  a  certain  limit.  The  number  of  oirouita 
is  45,  and  each  stage  section  is  subdivided  into  three  at  the 
colour  board,  whero  are  united  the  three  different  colours  in 
which  the  stage  is  connected.  A  suitable  checking  board  and 
resistances  aro  erected  ag&inst  the  colour  board,  the  resistances 
being  of  a  new  type.  Thero  aro  several  new  features  in  this 
instillation,  espeoally  as  regards  a  new  type  of  batten  and 
separate  method  of  connection,  but  paridculan  of  these  aro  not 
at  prosent  forthcoming.  The  installation  is  in  successful  opera- 
tion, and  when  completed  will  comprise  incandescent  lamps 
equivalent  to  1,750  lights  of  16  o.p.,  but  actually  varying  from 
16  c.p.  to  50  CD.  The  installation  has  been  put  up  by  Mr. 
Harry  South,  of  Garrick-'street,  Covent  Garden,  W.G.,  and  the 
lighting  is  very  effective  and  satisfactory. 
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THE  CITY  OF  LONDON. 

At  length  the  reproach  is  to  be  removed — ^that 
the  City  of  London,  the  wealthiest  city  in  the  world, 
is  the  worst  lighted  of  all  the  great  centres  of  civili- 
sation. The  dull  yellow  gas  flicker  is  to  give  place 
to  its  rival  illuminant,  and  progress  may  be  reported 
just  as  history  reports  the  step  from  rushlights  to  oil 
lamps  and  from  oil  lamps  to  gas.  It  may  be  a  &r 
cry  yet  to  the  next  step,  but  it  needs  little  knowledge 
to  foresee  it.  Beplace  gas  with  the  electric  light,  give 
more  and  more  of  it,  till  the  streets  do  not  represent 
darkness  illmninated,  but  rather  the  splendour  of  the 
full  unclouded  moon.  We  English  are  a  queer  folk. 
Once  get  an  idea  into  the  heads  of  the  general  body 
politic,  and  it  takes  thirteen  generations  of  Nasmyth's 
steam  hammer  to  drive  it  out.  Thus  it  has  been  with 
lighting  the  streets.  Originally  the  idea  was  merely  to 
allow  the  belated  and  benighted  inhabitant  to  find 
rather  than  lose  his  way.  No  idea  of  business,  no 
idea  of  general  locomotion,  merely  a  twinkling  sign- 
post ;  and  a  twinkling  signpost  it  has  remained  till 
now.  Let  any  traveller  go  from  St.  Paul's  Church- 
yard to  Cannon-street  Station  any  dark  winter's 
evening,  and  say  if  the  street  is  lighted.  Close  the 
shutters  of  the  shops  and  warehouses  of  almost  any 
street  in  the  City,  and  ask  is  this  called  a  well-lighted 
street  in  a  civilised  town  in  the  end  of  the  nineteenth 
century.  English  street  lighting  wsis  abominable ; 
in  parts  it  is  better,  and  for  this  improvement  we 
have  to  thank  electricity.  Not  that  electricity  is 
used,  but  in  that  the  fright  of  a  few  years  since  caused 
the  gas  compam'es  to  awaken  from  their  lengthy  sleep 
and  show  what  could  be  done  with  gas  when  enough 
of  it  was  burned  in  fairly  good  burners.  However, 
this  awakening  has  not  penetrated  into  commercial 
quarters,  only  into  those  parts  where  men  do  con- 
gregate after  the  work  of  the  day  is  over  and  the 
time  of  pleasure  is  in  full  swing.  No  doubt  the  City 
by  night  is  an  unexplored  wilderness  to  most  of  the 
busy  throng  who  jostle  each  other  therein  by  day. 
The  City  Fathers  are  gathered  day  by  day  from  the 
four  quarters  of  the  country  round  about,  and  forget 
around  their  own  firesides  the  necessities  of  the  City. 
Year  by  year,  however,  the  real  night  is  growing  less 
and  less.  One  class  of  men  go  home ;  anoth^  class, 
the  working  bees,  have  to  labour  early  and  late,  and 
the  traffic  in  the  streets  continues  till  later,  so  that 
business  may  be  attended  to.  Man  and  animal  have 
long  cried  for  more  hght,  and  now  they  are  to  have 
it.  Previously  two  sections  of  the  City  have  been 
provided  for,  and  at  the  last  meeting  of  the*  Com- 
missioners  of  Sewers  the  third  and  last  district  was 
delivered  to  the  Brush  Company  for  lighting  by 
electricity.  Perhaps  we  are  too  premature  to  say  was 
delivered  over,  when  the  report  only  was  adopted. 
Still  we  think  the  matter  now  fcbirly  settled,  and 
trust  that  the  Brush  Company  and  Messrs.  Laing, 
Wharton,  and  Down  will  not  belie  the  belief  that 
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they  intend  to  carry  out  the  work  entrusted  to  them 
in  such  a  manner  as  shall  enable  Englishmen  to 
point  with  pride  to  the  lighting  of  the  streets  of  the 
City  of  London. 

Sufficient  time  has  not   yet  elapsed    since   the 
acceptance  of  the  contract  to  know  exactly  the  plans 
of  the  contractors,  but  we  may  venture  to  make  some 
suggestions.    In  each  case  the  area  to  be  lighted  is 
a  populous  one.    At  the  commencement  the  amount 
of  private  lighting  may  be  small,  but  if  that  be 
properly  carried  out  and  no  mistakes  made,  the 
amount  of  private  lighting  will  rapidly  increase.  The 
first  cost  may  seem  out  of  all  proportion  to  the 
immediate  work  to  be  done,  if  the  system  adopted 
provides  from  the  start  for  this  increase.     The  City 
will  not  tolerate  the  continued  taking  up  and  laying 
of  mains  to  provide  for  an  increased  service.    The 
probable  service  of  a  year  or  two  or  more  in  advance 
must  be  considered.     No  doubt  electrical  engineers 
with   big  central   station    installations  confronting 
them  are  in  a  position  of  some  uncertainty.    The 
question  of  high  or  low  pressure  has  to  be  settled, 
and  look  .where  and  how  we  will  there  is  no  expe- 
rience which  is  so  satisfactory  as  to  leave  no  doubt. 
Then  there  is  the  at  present  novel  point,  so  far  as 
English  practice  is  concerned,  of  power  distribution 
looming  in  the  background,  which  complicates  the 
question  of  continuous  or  alternate.    If  alternate, 
will  the  motor  really  be  forthcoming?    We  see  no 
insuperable  reason  why  it  should  not,  but  at  present 
no  one  can  safely  say  there  is  a  sufficiently  good  com- 
mercial   apparatus .  for  our  purpose.     Further,  it 
seems  to  us  that  there  is  just  a  little  element  of 
trouble  to  crop  up,  in  that  many  mains  are  being 
laid  in  the  streets  without  due  provision  being  made 
for  inspection.  Experience  is  not  yet  so  ripe  that  any 
firm    can    safely  say  no  fault  will  be    developed. 
Faults  will  come  in  the  most  unlikely  quarters,  for 
it  is  the  unexpected  that  always  happens.    The  City 
of  London  is  not  like  other  towns — ^it  may  be  termed 
the  city  of  fogs,  and  any  system  of  lighting  will  have 
to  provide  for  a  continuous  demand  night  and  day 
for  many  days  together.     This  demand  will  test  the 
capabilities  of  any  engineer,  for  it  indicates  large 
fluctuations  in  the  demand.    In  summer  the  greater 
part  of  the  machinery  may  be  idle,  in  winter  there 
may  not  be  a  single  horse-power  of  reserve,  however 
carefully  the  calculations  may  have    been    made. 
Between  these  two  extremes  the  engineer  sits,  his 
problem  being  to   never  allow  a  failure,  never  to 
shirk  a  demand,  and  yet  to  make  the  installation 
pay.     The  work  undertaken  by  these  two  well- 
known  and  eminently  capable  firms  will  be  watched 
with  the  closest  care,  as  the  difficulties  to  be  en- 
countered are  of   no  common  order,  and  success, 
though  never  for  a  moment  doubted,  will  be  received 
by  all  their  colleagues  with  enthusiasm.     There  is 
a  large  amount  of  electrical  work  being  carried  out 


in  the  metropolitan  area,  but  none  probably  will 
excite  more  interest  than  that  in  the  City  itself.  At 
the  close  of  1890  every  electrical  engineer  says.  Go 
ahead  and  prosper. 


SECRET  SOLUTIONS. 

Of  primary  batteries,  as  of  book's,  it  may  be  said. 
Of  the  making  of  them  there  is  no  end,  and  much 
study  of  them  is  certainly  a  weariness  to  the  flesh. 
There  is  no  intention  of  being  flippant  in  making 
this  parody ;  it,  unfortunately,  is  too  true.  The 
only  object  of  primary  battery  inventors  is,  or  rather 
it  can  only  be,  to  extract  gold  from  the  pockets  of 
the  unwary.  The  antics  of  possessors  of  primary 
battery  patents  are  very  much  on  a  par  with  those  of 
children  who  play  at  "open  your  mouth  and  shut 
your  eyes."  The  recipient  of  the  unseen  mouthful 
does  not  always  rejoice;  its  composition  is  a 
secret ;  its  taste  not  agreeable,  and  it  is  so  with  these 
primary  batteries — they  are  usually  old  friends  with 
a  *'  secret  solution."  Can  anyone  point  to  a  single 
case  of  one  of  these  ''secret  solution"  batteries 
having  been  commercially  successful  ?  We  know  of 
none,  except,  as  above  stated,  being  successful  in  ex- 
tracting gold  from  fools'  pockets. .  Another  battery, 
with  a  ''  secret  solution,"  was  brought  before  the 
"Inventors'  Institute"  on  Wednesday  last.  An 
abstract  of  what  was  said  is  given  elsewhere.  The 
practical  man's  first  questions  are,  What  is  burnt  ? 
and,  How  is  it  burnt  ?  As  soon  as  these  questions  are 
answered  he  is  in  a  position  to  come  to  some  con- 
clusion, more  or  less  correct,  as  to  the  value  of  the 
battery.  According  to  what  can  be  gathered  from 
hearing  the  description  and  seeing  the  exhibits,  it 
seems  that  zinc  is  burnt,  the  secret  fluid  containing 
the  active  ingredient.  Another  peculiarity  of  all 
these  batteries  is  the  ease  with  which  testimonials 
are  obtained.  If,  indeed,  testimonials  form  any  real 
criteria  of  value,  the  miner  would  long  since  have 
had  all  that  heart  or  eye  could  desire  in  the  shape  of 
portable  electric  lamps. 


CORRESPONDENCE. 


ELECTEIC  CRANES. 
To  THK  Editor  of  The  Elsctrical  Enginekr. 

Sir, — In  reply  to  Mr.  R.  Bolton,  in  your  issue  of  the 
12th  inst.,  re  "  Electric  Cranes,^'  will  you  allow  me  to  say 
that  they  consist  of  one  Scotch  derrick  and  three  fixed 
wharf  cranes. 

I  do  not  "  make  a  merit  of  reversing  the  motor  to  lower 
the  load,"  but  after  a  careful  study  of  not  only  the  crane 
and  motor,  but  the  men  to  drive  them,  the  work  to  do, 
and  the  goods  to  be  handled,  I  accepted  it  as  a  necessity, 
and  I  am  still  of  opinion  that  it  is  the  best  under  the 
circumstances. 

I  much  regret  that  by  some  misunderstanding  the  motors 
were  described  as  geared  direct  to  tooth  wheels.  The 
power  is  transmitted  by  link-leather  belting. 

Mr.  Bolton  mentions  a  steam  crane,  worked  by  a  boy, 
unloading  mud.    Your  readers  will,  I  am  sure,  understand 
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THE  TELEPHOIIE  QUESTION. 


tltti  there  are  other  dnii9  bcniki  and  to  be  hudled, 
tluLi  ifieed  in  hoktang  u  a  eeeoodsy  eoosidenttioo  vheo 
tlie  loads  er/nmt  of  raloable  onrble,  jdia,  carthenwire, 
aad  tlietboiiauidaadoDedifliBrsatflbEesaiidlonHolgoo^ 
bodod  bj  a  eajryiflg  eoflipaaj. 

Aa  a  ample  oif  efieed,  I  maj  aaj  I  AaH  kire  voridng,  ! 
before  the  eod  of  the  jear,  two  kMta  Tnamn^  at  IdOfL  per 
arioote ;  but  for  aoft  gooda  oalj. 

Ho  aleo  aaya  ^tt  k  iwt  lafe  to  aaamae  that  one  or  at 
leaet  two  cnaea  wOl  be  ai  work  at  one  taoie,*  and  that 
''two-Udrda  waa  the  proper  figtve."  I  aanuae  nothing  of 
the  sort^  and  hare  provided  three^oortha. 

The  fignreof  jE5  for  fuel  waa  loi  drmng  the  craaea  when 
fitted  with  ateam  gear. 

He  regreU  that  among  eleetridaaa  great  ignoraoee  pre- 
raik  on  the  dotiee  of  bobttng  macfainerj — a  regret  I  to  a 
creat  extent  share  with  him,  bat  I  am  f^eaaed  to  think  it 
does  not  apply  to  me,  as  I  am  oolj  an  en^^eer. 

The  sample  gireo  by  him  of  an  offer  of  a  1^-ton  crane  to 
make  30  lifti  per  minate,  and  whieh  he  admits  maj  hare 
been  "  per  boor,^  is  not  eqoallj  wrong  that  way ;  30  lifts 
per  hoar  for  general  work  is  aaite  soffideot  tt  is  impos- 
sible to  sling  damageable  goods,  hoist,  and  get  them  stowed 
on  wharf  or  in  bonta  in  leas  than  two  minutes  per  hoist 
(aretage). 

He  says,  **  there  is  nothing  to  be  eaioed  to  the  canae  we 
hare  at  heart  by  disparaging  nndoJy  the  opposing  force, 
steam*''  There  ia  less  to  be  gained  by  disparaging  the 
work  of  otiien  of  whom  we  know  nothing  except  that  they 
are  trade  rivak. — Yours,  etc., 

WiLUAM  D.  Sakdwell. 

Victor  Works,  Holloway, 


have  to  be  mnlnpUHl 
to  a  city  ol 

inauaddUk 


aborea 


Two  of  our  evening  contemporaries  have  been  obtaining 
information  on  thk  subject,  aiid  we  reprint  extracts  from 
what  they  have  to  say,  which  is  chiefly  from  the  point  of 
view  of  the  companies. 

The  Fall  Mall  Gazelle  savs :  ''  While  we  have  no  love 
for  monopolies,  and  believe  that  the  public  may  derive  ad- 
vantages from  the  introduction  of  competition,  it  is  right  to 
point  out  that  there  are  barriers  in  the  way  of  a  perfect 
telephone  service  which  fresh  licenses  will  not  overcome. 
The  desire  of  the  Post  Office — in  one  sense  a  very  proper 
one — to  safeguard  the  telegraphic  rights  of  the  nation  has 
stood  in  the  way  of  several  developments  in  the  telephone 
service  which  we  have  from  time  to  time  suggested  and 
urged.  The  Telegrap))  Department  forbid  everything  but 
oral  messages,  and  so  a  subscriber  cannot  have  a 
message  taken  down  and  delivered.  Suggestions  have 
been  made  for  the  introduction  of  the  telephone  into 
telegraph  offices  so  that  messages  might  be  re-trans- 
mitted by  telegraph,  but  the  pro|)08ed  charges  have 
been  prohibitory.  Then,  as  to  the  mechanical  difficulties, 
while  sas,  water,  electric  light,  and  even  hydraulic  com- 
panies nave  statutory  powers  to  open  up  the  streets  and  lay 
mains,  the  telephone  companies  have  no  such  risht.  This 
is  not  a  mere  theoretical  difficultv,  as  the  National  Company 
has,  as  a  matter  of  experience,  been  prevented  fronj  laying 
underground  wires  by  unenlightened  vestry  obstruction. 
In  the  matter  of  overhead  wires  they  are  equally  handi- 
capped, for  an  obstructive  owner  can,  and  often  does, 
Srevent  a  wire  being  carried  over  his  premises,  although  it 
oes  not  come  in  contact  with  them.  These  are  practical 
difficulties  which  stand  in  the  way  of  the  service  in  London 
being  so  satisfactory  as  it  might  be,  and  until  a  reasonable 
amount  of  power  is  given  by  statute  we  shall  not  have  the 
full  advantage  of  the  telephone. 

"  With  respect  to  the  charges  for  the  use  of  the  telephone, 
provincial  towns  are  to  have  the  advantage  of  a  reduction 
irom  the  beginning  of  the  New  Year,  and  a  zone  system  is 
to  be  introduced  by  which  those  who  only  desire  a  half-mile 
radius  can  have  a  service  for  a  less  sum.  The  rates  will  vary 
from  £8  t6  £10  per  annum.  In  the  case  of  London  the 
£20  charge  is  to  oe  maintained,  and  the  reason  given  when 
we  made  an  enquiry  on  the  subject  is  this,  that  the 
metropolitan  service  is  most  expensive  to  work.     The 


ing  the  charge,  and  on  that  Hne  they  wi^ 


between  the  lent  charged  i 
and  it  will  be  asked  why  a 
pay  dooUe  what  the 
Chester  is  charged ;  hntin 
he  admitted  that  the 
fnstly    different,    and    that 
necessary.    When  a 
York,  where  the 
that  haa  the  advantage     To 

and  they  woold 


no  consequence. 


itisLoodon 
of  £5  is  of 
have  the 
money  spent  in  impioving  the  auiiee,  and  thai,  no  doabt, 
is  the  eoaelnaion  which  the  hoanl  haa  dnwn ;  hot  If 
petitors  enter  the  field  they  are  sore  to  aim  at 
and  a  25  or  30  per  cent,  rednetioo  wifl  attncft  omny  snb- 
scribersL  Fhe  National  Company  or  its  pregenitore  have 
made  a  big  pile  out  of  the  tdephone — «ost  holdefs  of  sue- 
cessfnl  patenta  do  so,  so  they  need  not  be  nUed  at  oo  that 
aeeoont  as  specially  mercenary — hut  the  time  has  now 
come  for  them,  in  their  own  aa  wdl  aa  the  public  interest, 
to  give  aa  cheap  a  service  aa  is  conaistfnt  with  efideocy . 

The  SL  Jameit  GtudU,  in  giving  a  deKnpticm  of  how  a 
telephone  exchange  is  worked,  says :  *  The  nsefnlness  of 
the  telephone  depends  upon  every  snbecriber  being  able  to 
converse  with  every  other.  This  is  managed  by  leading 
the  single  wire  into  a  single  room,  called  the  switcliroom 
or  exchange,  where  they  can  be  connected  with  each  other. 
In  the  early  days  of  the  telephone  it  waa  found  thai  diffi* 
culties  soon  arose  when  the  wires  became  nnmeroos — that 
is,  more  than  200.  It  was  impossible  to  work  them  all  in 
one  room  on  the  plan  then  in  use,  so  each  district  had  to  be 
provided  with  its  own  exchange,  which  was  plaeed  in  com- 
munication with  the  others  by  means  of  a  centre!  one. 
The  National  Telephone  Company  has  now  in  London  about 
6,000  subscribers  and  20  exchanges,  all  connected  with  the 
central  exchange  in  Cannon-street.  Some  five  yean  ago 
an  improved  method  of  connecting  wires  waa  introduced, 
by  means  of  which  a  far  larger  number  can  be  manipulated. 
This  method  is  called  the  multiple  switchboard,  and  is 
capable  of  working  8,000  wires  in  a  single  switchroom. 
The  result  of  this  is  that  the  number  of  district  exchanges 
is  being  gradually  reduced  by  the  consolidation  of  several 
iuto  one,  and  the  aim  of  the  company  ia  to  eventually  con- 
solidate all  the  exchanges  into  two  or  three. 

''  The  lines  running  from  the  district  exchanges  to  the 
central  are  called  '  trunk  lines.'  From  20  to  40  wires  are 
bound  together,  and  constitute  those  formidable-looking 
cables  one  sees  overhead.  To  realise  the  appalling  number 
of  wires  covering  London  one  should  see  them  from  the 
roof.  They  form  a  complete  network ;  the  air  is  thick  with 
them.  Sets  of  half  a  dozen  cables  run  out  together  in 
various  directions,  rising  and  falling  over  the  roofs,  so  as  to 
look  exactly  like  a  switchback  railway,  while  the  single 
wires  cross  hither  and  thither  in  hundreds.  The  question 
of  putting  them  underground  is  not  oce  of  will,  but  of 
power.  For  several  reasons  the  company  would  gladly  lay 
the  trunk  lines,  at  least,  underground ;  but  they  have  no 
statutory  powers  and  are  opposed  by  the  vestiies  and  the 
Post  Office. 

"Communication  with  Brighton  has  existed  for  some 
years ;  but  within  the  last  three  weeks  wires  have  been 
opened  to  Birmingham  and  Manchester.  It  is  intended 
eventually  to  reach  Qlasgow  through  Preston  and  Carlisle, 
and  Edinburgh  through  Newcastle  and  Gralashiels.  The 
expense  of  laying  a  line  increases  in  a  sort  of  geometrical 
ratio  to  the  length ;  for  the  longer  the  line  the  thicker  the 
wire  must  be.  Thus,  one  five  miles  long  may  cost  £20  a 
mile,  while  one  100  miles  long  will  cost  £75  a  mile.  For 
long  lines  copper  is  used ;  for  short  ones  bronze  is  novr 
preferred.  Through  the  Birmingham  and  Manchester  wires 
one  hears  admirably — far  better  than  through  our  Lotidon 
ones,  which  are  often  very  unsatisfactory.  It  is  commonly 
said  that  after  trying  for  a  time  with  'Are  you  there  V  and 
'  I  can't  hear  what  you  say,'  you  take  a  cab  and  go  round. 
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The  reason  for  this  is  that  the  wires,  being  in  bundles  close 
together,  act  upon  each  by  induction.  A  given  wire  picks 
up  fragments  of  conversation  from  its  fellow  en  route.  In 
the  long-distance  wires  this  is  obviated  by  laying  two, 
called  a  *  loop,'  in  such  a  relation  to  each  other  that  the 
induction  is  neutralised.  The  same  plan  would  be  practi- 
cable in  towns  if  the  wires  were  laid  underground,  and  thus 
not  only  would  a  danger  be  removed,  but  more  efficient 
working  secured.  But  here  again  the  absence  of  statutory 
powers,  and  the  difficulty  of  obtaining  either  underground 
or  overhead  way-leaves,  prevents  the  company  from  adopt- 
ing this  and  other  improvements  which  would  be  of  great 
advantage  to  the  public' 


ELECTRIC  LIGHTING  IN  LONDON. 


The  following  correspondence  appeared  in  the  Times  of 
Monday  last 

Sir, — On  behalf  of  my  company  may  I  ask  you  to 
kindly  publish  this  letter  in  reply  to  Mr.  Bichard  Chamber- 
lain's very  unfair  attack  upon  the  company  in  the  House  of 
Commons  on  the  9th  inst.,  an  attack  which  Sir  Michael 
Hicks-Beach's  reply  showed  was  based  by  Mr.  Chamberlain 
oh  complete  ignorance  of  facts.  Mr.  Chamberlain's  question 
was  whether  the  attention  of  the  President  of  the  Board  of 
Trade  had  been  "  called  to  a  long-continued  default  of  the 
Chelsea  Electric  Supply  Com^iany  to  furnish  the  statutory 
current  of  100  volts,  and  to  the  serious  loss  of  illuminating 
power  sustained  by  consumers  in  consequence,"  and  he 
finished  up  his  questions  by  also  asking  whether  the  Board 
of  Trade  would  take  steps  to  compel  the  company  "to 
keep  faith  with  the  public  or  forfeit  their  concession." 
Now  on  behalf  of  my  company  I  have  to  state  specifically: 

1.  The  Chelsea  Company  has  not  failed  to  keep  faith 
with  the  public. 

2.  The  pressure  for  this  vear  has  averaged  over  100 
volts  (the  statutory  standard),  but  the  regulations  of  the 
Board  of  Trade  necessarily  and  specifically  allow  a  variation 
of  pressure  of  4  per  cent,  above  and  below  100  volts — a 
variation,  1  may  add,  which  of  necessity  takes  place,  and 
which  is  imperceptible  to  the  consumer  without  the  use  of 
delicate  instruments. 

3.  There  has  never  been  a  failure  of  light  and  hardly  any 
complaints  (except  from  Mr.  R.  Chamberlain)  have  been 
received  from  customers,  and  those  few  were  remedied  at 
once.  Why  Mr.  R.  Chamberlain  should  use  his  position  as 
a  member  of  Parliament  to  the  detriment  of  a  trading  con- 
cern, honestly  doing  its  best,  I  am  at  a  loss  to  understand, 
and  if  his  remarks  were  made  outside  instead  of  inside 
the  assembly  they  were  addressed  to,  he  would  be 
brought  to  account  for  them.  It  is  true  my  company  has  not 
used  Messrs.  Chamberlain  and  Hookham's  meter,  but  Mr. 
R.  Chamberlain,  I  believe,  possesses  a  "  voltmeter,"  and, 
being  a  gentleman  of  leisure,  he  studies  this  instrument 
with  a  view  to  pouncing  on  the  company  if  they  fall  below 
the  statutory  pressure,  he  being  ignorant  of  the  standard. 
Whatever  Mr.  R.  Chamberlain's  motives  may  be,  my  board 
protest  most  emphatically  against  his  attack  (based  upon 
an  absolutely  erroneous  view  of  the  statutory  rights  and 
obligations)  upon  a  company  which  has  not  broken  faith 
with  the  public,  but  which  has,  under  great  difficulties,  suc- 
cessfully given  a  good  and  constant  supply  of  electric  light 
to  a  large  and  important  district — a  supply,  I  believe,  more 
perfect  than  any  other  in  the  United  Kingdom. — I  am.  Sir, 
your  obedient  servant^ 

J.  Irving  Courtenay,  Chairman, 
Chelsea  Electricity  Supply  Company,  Limited. 
Draycott-place,  Sloanesqujire, S. W., 
December  10. 


Sir, — Messrs.  Mappin  are  not  the  only  people  who  have 
reason  to  complain  of  the  default  in  electric  lighting  com- 
panies. In  this  district  we  have  the  misfortune  to  be  sup- 
plied by  the  Chelsea  Electricity  Supply  Company,  Limited, 
and  this  company's  record  for  more  than  12  months  has 
been  one  of  continued  broken  promises  and  shuffling 
excuses.  They  undertake  to  supply  current  of  100  volts, 
and  for  this  they  duly  charge.  What  they  do  supply  during 


the  principal  lighting  hours,  notwithstanding  repeated  com- 
plaints, is  current  of  a  pressure  of  96  or  98  volts  only. 
As  the  lamps  are  calculated  for  the  higher  pressure,  we  are 
left  in  a  state  of  semi-darkness.  They  appear  to  be  unable 
to  keep  faith  with  their  customers,  and  it  will  not  be  until 
another  company  comes  into  this  exceptionally  favourable 
area  that  the  houses  in  the  district  are  likely  to  be  effici- 
ently lighted. 

Meantime,  I  am  putting  a  question  to  the  President  of 
the  Board  .of  Trade  on  the  subject,  in  the  hope  of  securing 
some  safeguards. — ^I  am,  yours  faithfully, 

Richard  Chamberlain. 

39,  Cadogan-square,  S.W.,  Dec.  8. 

Sir, — ^Referring  to  Messrs.  Mappin  Brothers'  letter  in  the 
Times  of  to-day,  we  write  to  confirm  the  apparent  inability 
of  the  London  Electric  Supply  Corporation,  Limited,  to 
carry  out  their  contract  with  clients,  not  merely  as  regards 
the  present  total  failure,  which  may  or  may  not  be  capable 
of  reasonable  explanation,  but  from  a  long  and  exasperating 
experience  of  more  or  less  partial  or  total  failures,  extend- 
ing over  the  whole  period  of  our  connection  with  the 
London  Electric  Supply  Corporation,  Limited. 

The  systematic  reply  of  the  corporation  is  that,  as  the 
current  is  supplied  by  meter,  the  consumer  suffers  no  loss 
and  has  no  ground  for  claiming  consequential  damage ;  but 
surely,  when  Parliament  vested  such  special  powers  in  a 
public  company,  it  could  not  have  foreseen  the  despotic 
power  such  a  company  would  possess,  to  the  unalloyed 
detriment  of  their  consumers  and  the  general  public. 

We  may  add  that  one  theory  we  may  put  forward  to 
explain  the  breakdown  in  the  lightiug  system  of  the 
London  Electric  Supply  Cor(X>ration,  Limited,  has  been 
the  too  great  anxiety  of  the  corporation  at  the  outset 
to  secure  more  consumers  for  their  current  than  the 
powers  of  their  plant  wantinted.  This  suggestion  is 
supported  by  reference  to  the  manner  in  which  the  light 
for  months  past  has  disappeared  and  reappeared  at  fitful 
intervals,  as  it  seems  to  prove  the  necessity  on  the  part 
of  the  corporation  to  husband  their  current  at  the  incon- 
venience of  their  consumers,  for  at  certain  times  when  the 
corporation  were  duly  supplying  X,  Y,  and  Z  the  current 
was  cut  off  from  A,  B,  and  C,  and  vice  versd. 

Could  any  remedy  for  this  disappointing  state  of  things 
be  suggestea,  we  believe  it  would  be  hailed  as  a  pubQc 
boon. — We  are,  Sir,  your  obedient  servants, 

Liberty  and  Co. 

Regent-street,  W.,  Dec.  8. 

Sir, — I  have  seen  Messrs.  Mappin's  letter  in  your  to-day's 
issue.  It  strikes  me  as  unfair  to  the  other  electric  lighting 
companies.  I  depend  for  my  light  on  a  public  supply 
company,  and  my  experience  of  its  service  is  diametrically 
opposite  to  that  of  Messrs.  Mappin.  I  have  no  financiiu 
interest  in  any  of  the  electric  light  supply  companies  and  have 
no  experience  of  the  company  to  which  Messrs.  Mappin 
refer,  but  I  think  it  only  fair  to  the  public  electric  supply 
company  from  which  I  am  drawing  my  electricity,  to 
point  out  that  Messrs.  Mappin  Brothers  are  not  right  in 
their  conclusion  as  to  the  "  utter  incapacity  "  of  all  public 
electric  lighting  companies.  My  experience  has  been  an 
extremely  pleasant  one.  My  house  was  connected  to  the 
public  supply  of  the  House-to-House  Electric  Supply 
Company,  at  Kensington,  nearly  a  year  since,  and  from 
then  to  now  there  has  not  been  one  single  failure  in  the 
lighting,  and  the  steadiness  of  the  lights  has  elicited  the 
praise  from  time  to  time  of  all  my  visitors  and  friends. 

I  understand  that  the  reason  why  the  House-to-House 
Supply  is  so  reliable  is  that  there  is  always  lying  idle  and 
in  reserve  at  their  works  spare  plant,  ready  whenever  it 
appears  necessary  to  be  switched  on  to  relieve  plant  in  work, 
which  might  otherwise  fail  in  giving  the  light  up  to  the 
standard  for  which  the  House-to-Uouse  Company  is  now 
justly  obtaining  so  good  a  reputation. — I  am.  Sir,  your 
obedient  servant,  Onslow-gardens. 

December  8. 

Sir, — I  notice  in  your  columns  of  the  6th  inst.  a  letter 
from  Messrs.  Mappin  Bros.,  220,  Regent-street,  warning  the 
public  against  the  utter  incapacity  of  electric  light  com- 


664        THE  ELECTRICAL  ENGINEER,  DECEMBER  19,  1890. 


panieB,  as  they  have  been  unfortunate  in  their  supply  from 
the  London  J^ectric  Supply  Corporation. 

It  may  interest  your  readers  to  know  that  this  hotel  has 
been  supplied  with  electric  light  from  the  House-ta  House 
Electric  Supply  central  station  in  the  Richmond-road 
(about  a  mile  distant  from  any  hotel),  for  nearly  12  months, 
and  it  has  never  yet  failed,  there  being  as  many  as  the 
equivalent  of  1,350  8-c.p.  lamps  entirely  under  the  control 
of  the  operator. 

I  should  feel  obliged  if  you  would  kindly  insert  this,  as 
it  would  be  unfair  for  such  a  letter  as  Messrs.  Mappin 
Bros.'  to  prejudice  all  electric  light  supply  companies. — I 
remain.  Sir,  your  obedient  servant,  Jambb  Bailkt, 

Bailey's  Hotel,  Gloucester-road,  London, 
December  10. 


THE  BLECTROMAONET.* 

by  prof.  silvanus  p.  thompson,  d.sc.,  b.a.,  h.i.b.b 

Lbctubb  HL 
{Continved  Jirom  page  BS2, ) 

EUKfTBOMAONBTS  FOR  USB  WITH  ALTERNATING  CURRBNTR. 

When  yott  are  designing  eloctromaffnets  for  use  with  alternating 
cnrrentfl,  it  is  necessary  to  make  a  change  in  one  respect,  namely, 
you  most  so  laminate  the  iron  that  internal  eddy  onrrents  shall  not 
oocar  ;  indeed,  for  all  rapid  aoting  electromaffnetio  apparatus  it  is 
a  good  rale  that  the  iron  must  not  be  solid.  It  Is  not  usual  with 
tcleeraphic  instruments  to  laminate  them  by  making  up  the  core  of 
bundles  of  iron  plates  or  wires,  but  they  are  often  made  with  tubu- 
kur  oores— that  is  to  say,  the  oylindri<^  iron  core  is  drilled  with  a 
hole  down  the  middle,  and  the  tube  so  formed  is  slit  with  a  sawcnt 
to  prevent  the  circulation  of  currents  in  the  stance  of  the  tube. 
Now,  when  electromagnets  are  to  be  employed  with  rapidly  alter- 
nating currents,  such  as  are  used  for  electric  lighting,  the  frequency 
of  Uie  alternations  being  usually  about  100  periods  per  secona, 
slitting  the  cores  is  insufficient  to  ^uard  against  eddy  currents  ; 
nothing  short  of  completely  laminating  the  cores  is  a  satisfactory 
remedy.  I  have  here,  thanks  to  the  Brush  Electric  Engineering 
Company,  an  electromagnet  of  the  special  form  that  is  used  in 
the  Brush  arc  lamp  when  required  for  the  purpose  of  working  in  an 
altemating*current  circuit.  It  has  two  bobbins  that  are  screwed 
up  against  the  top  of  an  iron  box  at  the  head  of  the  lamp.  The 
iron  slab  serves  as  a  kind  of  yoke  to  carry  the  nu^etism  across 
the  top.  There  are  no  fixea  cores  in  the  bobbins,  which  are 
eoterea  by  the  ends  of  a  pair  of  yoke  plungers.  Now  in  the 
ordinary  Brush  lamp  for  use  with  a  steady  current,  the  plungers 
are  simply  two  round  pieces  of  iron  tapped  into  a  common  yoke ; 
but  for  alternate-current  working  this  construction  must  not  be 
used,  and  instead  a  U-shaped  double  plunger  is  used,  made  up  of 
laminated  iron,  riveted  tcffether.  Of  course  it  is  no  novelty  to  use 
a  laminated  core ;  that  device,  first  used  by  Joule,  and  then  by 
Cowper,  has  been  re-patented  rather  too  often  during  the  past  60 
years  to  be  oonsidered  as  a  recent  invention. 

The  alternate  rapid  reversals  of  the  magnetism  in  the  magnetic 
field  of  an  electromagnet,  when  excited  by  alternating  electric 
currents,  sets  up  eddy  currents  in  every  piece  of  undivided  metal 
within  range.  AU  frames,  bobbin  tubes,  bobbin  ends,  and  the  like 
must  be  most  carefully  dit,  otherwise  they  will  overheat.  If  a 
domestic  fiatiron  is  placed  on  the  top  of  the  poles  of  a  properly 
iftmlnAfeftH  electromagnet,  supplied  with  alternating  currents,  the 
fiatiron  is  speedUy  neated  up  by  the  eddy  currents  that  are 
generated  internally  wiUiin  it.  The  eddy  currents  set  up  by 
induction  in  neighbouring  masses  of  metal,  especially  in  good  con- 
ducting metals,  such  as  copper,  give  rise  to  many  curious  pheno- 
mena. For  example,  a  copper  &o  or  copper  rin^  placed  over  the 
pole  of  a  straight  electromagnet  so  excited  is  violently  repelled. 
These  remarkable  phenomena  nave  been  recently  investigated  by 
Prof.  Elihu  Thomson,  with  whose  beautiful  and  elaborate  researches 
we  have  Ii^y  been  made  conversant  in  the  pages  of  the  technical 
journals.  He  rightly  attributes  many  of  the  repulsion  phenomena 
to  the  lag  in  phase  of  the  alternating  currents  tnus  induced  in  the 
conducting  metal.  The  electromagnetic  inertia,  or  self -inductive 
property  of  the  electric  circuit,  causes  the  currents  to  rise 
and  fall  later  in  time  than  the  E.M.F.'s  by  which  they  are  occa- 
siimed.  In  all  such  oases  the  impedance  which  the  circuit  offers 
is  made  up  of  two  things — ^resistance  and  inductance.  Both  these 
causes  tend  to  diminish  the  amount  of  current  that  flows,  and  the 
inductance  also  tends  to  delay  the  flow. 

EliEOTROMAONETS  FOR  QuiCKBST  AOTION. 

I  have  already  mentioned  Hughes's  researches  on  the  form  of 
electromagnet  nest  adapted  for  rapid  signalling.  I  have  also  inci- 
dentally mentioned  the  fact  that  where  rapidly  varying  currents 
are  employed,  the  strength  of  the  electric  current  that  a  given 
battery  can  yield  is  determined  not  so  much  by  the  resistance  of 
the  electric  circuit,  as  by  its  electric  inertia.  It  is  not  a  very  easy 
task  to  explain  precisely  what  happens  to  an  electric  circuit  when 
the  current  is  turned  on  suddenly.  The  current  does  not  suddenly 
rise  to  its  full  value,  being  retarded  by  inertia.  The  ordinary  law 
of  Ohm  in  its  simple  form  no  longer  applies ;  one  needs  to  apply 
that  other  law  which  bears  the  name  of  the  law  of  Helmholtz,  the 
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use  of  which  is  to  give  us  an  expression,  not  for  the  final  value  o! 
the  current,  but  for  its  value  at  any  short  time,  t,  after  the  current 
has  been  turned  on.  The  strength  of  the  current  after  a  lapse  of 
a  short  time,  ^  cannot  be  cateulated  by  the  simple  procoBs  of 
taking  the  E.M.F.  and  dividing  it  by  the  resistance*  as  you  would 
(»lcuuite  steady  currents. 
In  symbols,  Helmholts's  law  is  : 


i(..:^'> 


In  this  formula  n  means  the  strength  of  the  current  after  the  lapse 
of  a  short  time,  < ;  B  is  the  £.M.Fr ;  R  the  resistonce  of  the  whole 
circuit ;  L  its  coefficient  of  self-induction ;  and  e  the  number 
2*7183,  which  is  the  base  of  the  Ni^nerian  logarithms  Let  uslook 
at  this  formula.  In  its  general  form  it  resembles  Ohm's  law,  but 
with  a  new  factor— namely,  the  expression  contained  within  the 
brackets.  This  factor  is  necessarily  a  fractional  quantity,  for  it 
consists  of  unity  less  a  certain  negative  exponential,  which  we  will 
presently  further  consider.  If  the  factor  within  brackets  is  aquan- 
tity  less  than  unity,  tuao  signifies  that  it  will  be  less  than  E4-R. 
Now,  the  exponentiai  of  neg&ve  sign,  and  with  negative  fracUooal 
index,  is  rather  a  troublesome  thing  to  deal  with  in  a  popular 
lecture.  Our  best  way  is  to  calculate  some  values,  and  then  plot 
it  out  as  a  curve.  When  once  you  have  got  the  form  of  a  cnrre 
you  can  begin  to  think  about  it,  for  the  curve  gives  yoa  a  mental 
picture  of  the  facts  that  the  long  formula  expresses  in  the 
abstract.  Accordingly  we  will  take  the  following  case.  Let  B= 
10  volts ;  R= 1  ohm ;  and  let  us  take  a  relatively  large  self-indue- 
tion,  so  as  to  exaggerate  the  effect ;  say  let  L=10  quads.  This 
gives  us  the  following : 
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In  this  case  the  value  of  the  steady  current,  as  calculated  by 
Ohm's  law,  is  10  amperes ;  but  Helmholts's  law  shows  us  that 
with  the  great  self-induction  which  we  have  assumed  to  be  preeeut, 
the  current,  even  at  the  end  of  30  seconds,  has  only  risen  up 
to  within  95  per  cent,  of  its  final  value ;  and  only  at  the  end  of  two 
minutes  has  practically  attained  full  strenf^.  These  values  tfe 
set  out  in  the  highest  curve  in  Fig.  64,  in  which,  however,  the 
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Fio.  54. — Curves  of  Rise  of  Currents. 

further  supposition  is  made  that  the  number  of  spirals,  S,  in  the 
coUs  of  the  electromagnet  is  100,  so  that  when  the  current  attains- 
its  full  value  of  10  amperes,  the  full  magnetising  power  will  be 
S  t= 1,000.  It  will  be  noticed  that  the  curve  rises  mm  sero  at  first 
steeply  and  nearly  in  a  straight  line,  then  bends  over,  and  then 
becomes  nearly  straight  again,  as  it  gradually  rises  to  its  limiting 
value.  The  first  part  of  the  curve— that  relating  to  the  strength  of 
the  current  after  very  email  interval  ol  time — ^is  the  period  within 
which  the  strength  of  the  current  is  governed  by  inertia  (t.e.,  the 
self-induction)  rather  than  by  resistance.  In  reality  the  current  is 
not  governed  either  by  the  self-induction  or  by  theresistanoe  idone, 
but  by  the  ratio  of  the  twa  This  ratio  is  sometimes  csJled  the 
"  time-constant "  of  the  circuit,  for  it  represents  the  Itms  which 
the  current  takes  in  that  circuit  to  rise  to  a  definite  fraction  of  its 

final  value.  This  definite  fraction  is  the  fraction  LzL ;  or  in  deci- 

e 

mals,  0*634.  All  curves  of  rise  of  current  are  alike  in  general 
shape--they  differ  only  in  scale ;  that  is  to  say,  they  differ  only  in 
the  neight  to  which  tliey  will  ultimately  rise,  and  in  Uie  time  tiiey 
will  take  to  attain  this  fraction  of  their  final  value. 

J^xamn^i.— Suppose Eac  10  ;  R=:400ohms:  L  =  8.  The  final 
value  of  the  current  will  be  0*025  ampere,  or  25  miUiamperes. 
Then  the  time-constant  will  be  8  -f  400  =  A^  "^c- 

Example  f.— The  P.O.  standard  **  A"  relay  has  R  =  400 ohms ; 
L  =  3-25.  It  works  with  0*5  milliampere  current,  and  therefore 
will  work  with  five  Daniell  cells  through  a  line  of  9,600  olims. 
Under  these  circumstances,  the  time-constant  of  Uie  instrument  on 
short  circuit  is  9*0081  sec. 

It  will  be  noted  tbatthetime-coiistaiitof  a  circuit  can  be  lednoed 
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either  Wdimmishine  the  self -ind  action  or  by  inoreasinff  the  reeiBt- 
ance.  In  Fig.  54  ^e  poeition  of  the  Ume-constant  for  the  top 
curve  is  ahown  by  the  vertical  dotted  line  at  10  aeconda  The 
current  will  take  10  seconds  to  rise  to  0*634  of  its  final  value.  This 
retardation  of  the  rise  of  current  is  simply  due  to  the  presence  of 
QoUs  and  electromaf^nets  in  the  circuit ;  the  current  as  it  grows 
being  retarded  because  it  has  to  create  magnetic  fields  in  these 
coils,  and  so  sets  up  opposing  E.M.F.  that  prevent  it  from 
growing  all  at  once  to  its  full  strength.  Many  electricians,  nnao- 
quainted  with  Helmholtz's  law,  have  oeen  in  the  habit  of  accounting 
tor  this  by  sayins  that  there  is  a  lag  in  the  iron  of  the  electro- 
mamet  ooree.  They  tell  you  that  an  iron  core  cannot  be  magnetised 
suddeiiiy ;  that  it  takes  time  to  acquire  its  magnetism.  They 
think  it  is  one  of  the  properties  of  iron.  But  we  know  that 
the  only  true  time-lag  in  the  magnetisation  of  iron — that  which  is 
properly  termed  *'  viscous  hysteresis"— does  not  amount  to  any 
great  percentage  of  the  whole  amount  of  magnetisation,  takes 
comparatively  a  long  time  to  show  itself,  and  cannot  therefore  be 
the  cause  of  the  retardation  which  we  are  considering.  There  are 
also  electricians  who  will  tell  you  that  when  magnetisation  is 
suddenly  evoked  in  an  iron  bar,  there  are  induction  currents  set  up 
in  the  iron  which  oppose  and  delay  its  magnetisation.  That  they 
oppose  the  magnetisation  is  perfectly  true ;  but  if  you  carefuUv 
laminate  the  iron  so  as  to  eliminate  eddy  currents,  you  will  find, 
strangely  enough,  that  the  magnetism  rises  still  more  slowly  to 
its  final  value.  For  by  laminating  the  iron  you  have  virtually 
increased  the  self-inductive  action,  and  increased  the  time-constant 
of  the  circuit,  so  that  the  currents  rise  more  slowly  than  before. 
The  lag  is  not  in  the  iron,  but  in  the  magnetising  current,  and  the 
current  being  retarded,  the  magnetisation  is,  of  course,  retarded 
also. 

CoKKKOTiNO  Coils  for  Quickest  Action. 

Now  let  us  apply  these  most  important,  though  rather  intricate, 
considerations  to  the  practical  problems  of  the  quick  working  of 
the  electroma^et.  l^e  the  case  of  an  electromagnet  forming 
some  part  of  the  receiving  apparatus  of  a  telegraph  system  which 
it  is  deeired  to  secure  very  rapid  working.  Suppose  the  two  coils 
that  are  wound  upon  the  horseshoe  core  are  conrected  together  in 
series.  The  coefficient  of  self-induction  for  these  two  is  four  times 
as  great  as  that  of  either  separately ;  coefficients  of  self-induction 
being  proportional  to  the  square  of  the  number  of  turns  of  wire 
that  surround  a  given  core.  Kow,  if  the  two  coils,  instead  of  being 
put  in  series,  are  put  in  parallel,  the  coefficient  of  self-induction 
will  be  reduced  to  the  same  value  as  if  there  were  only  one  coil, 
because  half  the  line  current  (which  is  practically  unaltered)  will  go 
through  each  coil.  Henoe  the  time-constant  of  the  circuit  when 
the  coils  are  in  parallel  will  be  a  quarter  of  that  which  it  is  when 
the  coils  are  in  series  ;  on  the  other  hand,  for  a  given  line-current, 
the  final  magnetising  power  of  the  two  coils  in  parallel  is  only  half 
what  it  wouM  be  witn  the  ooil  in  series.  The  two  lower  curves  in 
Figv  54  illustrate  this,  from  which  it  is  at  once  plain  that  the  mag> 
nettsing  power  for  verv  brief  currents  is  greater  when  the  two  coflis 
are  put  in  parallel  with  one  another  than  when  joined  in  series. 

Now  this  circumstance  has  been  known  for  some  time  to  tele- 
graph engineers.  It  has  been  patented  several  times  over.  It  has 
formed  the  theme  of  scientific  papers,  which  have  been  read  both 
in  France  and  in  England.  The  explanation  generally  given  of  the 
advantage  of  uniting  the  coils  in  parallel  is,  I  thins,  fallacious  ; 
namely,  that  the  "  extra  currents  — i.e.,  currents  due  to  self- 
induction — ^set  up  in  the  two  coils  are  induced  in  such  directions 
as  tend  to  help  one  another  when  the  coils  are  in  series,  and  to 
neutralise  one  another  when  they  are  in  parallel.  It  is  a  fallacy, 
because  in  neither  case  do  they  neutralise  one  another.  Which- 
ever way  the  current  flows  to  make  the  magnetism,  it  is  opposed 
in  the  coils  while  the  current  is  rising,  and  helped  in  the  coils 
while  the  current  is  falling,  by  the  so-caJled  extra  currents.  If  the 
current  is  rising  in  both  coils  at  the  same  moment,  then,  whether 
the  coils  are  in  series  or  in  parallel,  the  effect  of  self-induction  is  to 
retard  the  rise  of  the  current.  The  advantage  of  parallel  grouping 
is  simply  that  it  reduces  the  time-constant. 

Battxbt  Gboupzno  for  Quickest  Action. 

One  may  consider  the  question  of  grouping  the  battery  cells  from 
the  same  point  of  view.  Uow  doies  the  need  for  rapid  working, 
and  the  question  of  time-constant,  affect  the  best  mode  of  group- 
ing the  faitttery  cells  ?  The  amateur's  rule,  which  tells  you  to  so 
arrange  your  battery  that  its  internal  resistance  should  oe  equal  to 
the  external  resistance,  gives  you  a  result  wholly  wrong  for  rapid 
working.  The  supposed  best  arrangement  will  not  eive  you  (at  the 
expense  even  of  economy)  the  best  result  that  might  be  got  out  of 
the  given  number  of  cells.  Let  us  take  an  example  and  calculate 
it  oat,  and  place  the  results  graphically  before  our  eyes  in  the  form 
of  curves.  Suppose  the  line  and  electromagnet  have  together  a 
resistance  of  six  ohms,  and  that  we  have  24  small  Daniell  cells, 
MMsh  of  E.M.F.,  say,  one  volt,  and  of  internal  resistance,  four 
ohms.  Also  let  the  coefficient  of  self-induction  of  the  electro- 
magnet and  circuit  be  six  quadrants.  When  all  the  cells  are 
ID  series  the  resistance  of  the  battery  will  be  96  ohms,  the 
total  resistance  of  the  circuit  102  ohms,  and  the  full  value 
of  the  current  0*235  ampere.  When  all  the  cells  are  in 
parallel,  the  resistance  of  the  battery  will  be  0*133  ohm, 
the  total  resistance  6*183  ohms,  and  the  full  value  of  the 
current  0*162  ampere.  According  to  the  amateur  rule  of  group- 
ing cells,  so  that  intemaJ  resistance  equals  external,  we  must 
arrange  the  cells  in  four  parallels,  each  having  six  cells  in  series, 
so  that  the  internal  resistance  of  the  battery  will  be  six  ohms,  total 
resistance  of  circuit  12  ohms,  full  value  of  current  0*5  ampere. 
Now  the  corresponding  time-constant  of  the  circuit  in  the  three 
cases  (calculated  by  dividing  the  coefficient  of  self-induction  by  the 
total  resistance)  will   be   respectively — in  series,  0*06  sec. ;    in 


Mrallel,  0*06  sec.  ;  grouped  for  maximum  steady  current,  0*6  sea 
From  these  data  we  may  now  draw  the  three  curves,  as  in  Fig.  55^ 
wherein  the  abscisss  are  the  values  of  time  in  seconds,  ana  the 
ordinates  the  current.  The  faint  vertical  doted  lines  mark  the 
time-constants  in  the  three  cases.  It  will  be  seen  that  when  rapid 
working  is  required  the  magnetising  current  will  rise,  dunng 
short  intervals  of  time,  more  rapidly  ifall  the  cells  are  put  in  series 
than  it  will  do  if  Uie  cells  are  grouped  according  to  the  amateur 
rule. 
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Battery. 

When  they  are  all  put  in  series,  so  that  the  battery  has  a  much 
greater  resistance  than  the  rest  of  the  circuit,  the  current  rises 
much  more  rapidly,  because  of  the  smallnese  of  the  time-constant, 
iJthough  it  never  attains  the  samo  ultimate  maximum  as  when 
groupM  in  the  other  way.  That  is  to  say,  if  there  is  self-induction 
as  well  as  resistance  in  the  circuit,  the  amateur  rule  does  not  tell 
you  the  best  way  of  arranging  the  battery.  There  is  another  mode 
of  regarding  the  matter  wnich  is  helpf uL  Self-induction,  while  the 
current  is  growing,  acts  as  if  there  were  a  sort  of  spurious  addition 
to  the  resistance  <3  the  circuit ;  and  while  the  current  is  dying  away 
it  acts  of  course  in  the  other  way,  as  if  there  were  a  subtraction 
from  the  resistance.  Therefore,  you  ought  to  arrang^e  the  battery 
so  that  the  internal  resistance  is  equal  to  the  real  resistance  of  the 
circuit,  plus  the  spurious  resistance  during  that  time.  But  how 
much  is  the  spurious  resistance  during  that  time  ?  It  is  a  resist- 
ance proportional  to  the  time  that  has  elapsed  since  the  current  was 
turned  on.  So  then  it  comes  to  aquestion  of  the  length  of  time 
for  which  you  want  to  work  it.  Wnat  fraction  of  a  second  do  you 
require  your  signal  to  be  given  in  ?  What  is  the  rate  of  the  vibrator 
of  your  electric  bell  ?  Suppose  you  have  settled  that  ix>int,  and 
that  the  short  time  during  which  the  current  is  required  to  rise  is 
called  t,  then  the  apparent  resistance  at  time  t  after  the  current 
is  turned  on  is  given  Oy  the  formula : 

^t       f    ^        \ 
Rf  =  R  X  c''     -5-\  e^-1  /. 

TiMB-OONSTANTS  OF  EUBOTaOMAONSIS. 

I  may  here  refer  to  some  determinations  made  by  M.  Vaschy 
respecting  the  coefficients  of  self-induction  of  the  electromagnets 
of  a  number  of  pieces  of  telegraphic  apparatus.  Of  these  I  must 
only  quote  one  result,  which  is  very  significant ;  it  relates  to  the 
electromagnet  of  a  Morse  receiver  of  Uie  pattern  habitually  used 
on  the  French  telegraph  lines : 

L,  in  quadrants. 

Bobbins,  separately,  without  iron  cores 0*233  and  0*265. 

Bobbins,  separately,  with  iron  cores 1*65   and  1  *7 1. 

Bobbins,  with  cores  joined  by  yoke,  coils  in 
series 6*37. 

Bobbins,  with  armature  resting  on  poles 10*68. 

It  is  interesting  to  note  how  the  perfecting  of  the  magnetic  circuit 
increases  the  self-induction. 
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Fio.  56.— Electromagnets  of  Relay  and  their  Effects. 

Thanks  to  the  kindness  of  Mr.  Preece,  I  have  been  furnished 
with  some  most  valuable  information  about  the  coefficients  of 
self-induction,  and  the  resistance  of  the  standard  pattern  of 
relays,  and  other  instruments  which  are  used  in  tne  British 
postal  telegraph  service,  from  which  data  one  is  able  to  say  exactly 
what  the  time-constants  of  those  instruments  will  be  on  a  j^iven 
circuit,  and  how  long  in  their  case  the  current  will  take  to  nse  to 
any  given  fraction  of  its  final  value.  Here  let  me  refer  to  a  very 
capital  paper  by  Mr.  Preece  in  an  old  number  of  the  JounuU  of  the 
Society  of  Telegraph  Engineers,  a  paper  *'  On  Shunts,"  in  which 
he  treats  this  question,  not  as  perfectly  at  it  could  now  be  treated 
with  the  fuller  knowledge  we  have  in  1890  about  the  coefficients  of 
self-induction,  but  in  a  very  useful  and  practical  way.  He  showed 
most  completely  that  {the  more  perfect  the  mimetic  circuit  is, 
though,  of  course,  you  aregettingmore  magnetism  mm  vour  current, 
the  more  is  that  current  retarded.  Mr.  Preeoe's  mode  of  experi* 
ment  was  extremely  simple ;  he  observed  the  throw  of  thegalvano- 
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meter  when  the  circuit  which  contained  the  battery  and  the  / 
electromagnet  was  opened  by  a  key  which  at  the  same  moment 
connected  the  electromagnet  wires  to  the  galvanometer.  The 
throw  of  the  galvanometer  was  assumed  to  represent  the  extra 
current  which  flowed  out.  Fig.  56  represents  a  few  of  the  results 
of  Mr.  Preece's  paper.  Take  from  an  ordinary  relay  a  coil,  with 
its  iron  core,  hali  the  electromagnet,  so  to  speak,  without  any 
yoke  or  armature.  Connect  it  up  as  described,  and  observe  the 
throw  given  to  the  galvanometer.  The  amount  of  throw  obtained 
from  the  single  coil  was  taken  as  unity,  and  all  others  were  com- 
pared with  it.  If  you  join  up  two  such  coils,^  they  are  usually 
joined,  in  series,  but  without  any  iron  yoke  across  the  cores,  the 
throw  was  17.  Putting  the  iron  yoke  across  the  cores,  to  con- 
stitute a  horseshoe  form,  406  was  the  throw — that  is  to  say, 
the  tendency  of  this  electromagnet  to  retard  Uie  current  was  496 
times  as  great  as  that  of  the  smiple  coil.  But  when  an  armature 
was  put  over  the  top  the  effect  ran  up  to  2,238.  By  the  mere 
device  of  putting  the  coils  in  parallel,  instesd  of  in  series,  the 
2,238  came  down  to  502,  a  little  less  than  the  quarter  value  which 
would  have  been  expected.  Lastly,  when  the  armature  and  yoke 
were  both  of  them  split  in  the  middle,  as  is  done  in  fact  in  all  the 
standard  patterns  of  the  British  Postal  Telegraph  relays,  the 
throw  of  the  galvanometer  was  brought  down  from  502  to  26. 
Belays  so  constructed  will  work  excessively  rapidly.  Mr.  Preece 
states  that  with  the  old  pattern  of  relay  having  so  much  self- 
induction  as  to  give  a  galvanometer  throw  of  1,688,  the  speed  of 
sif^ualling  was  only  from  50  to  60  words  per  minute ;  wnereas, 
with  the  standard  relays  constructed  on  the  new  plan,  the  speed 
of  signalling  is  from  400  to  450  words  per  minute.  It  is  a  very 
interesting  and  beautiful  result  to  an  ive  at  from  the  experimental 
■tndy  of  these  magnetic  circuits. 

SuoBT  Cores  vernu  Long  Cobeb. 

In  considering  the  forms  that  are  best  for  rapid  action,  it  ought 
to  be  mentionevthat  the  effects  of  hysteresis  in  retarding  changes 
in  the  magnetisation  of  iron  cores  are  much  more  noticeable  in  the 
case  of  nearly  closed  magnetic  circuits  than  in  short  pieces. 
Electromagnets  with  iron  armatures  in  contact  across  their  poles 
will  retain,  after  the  current  has  been  cut  off,  a  very  large  part  of 
their  magnetism,  even  if  the  cores  be  of  the  softest  of  iron ;  but  so 
soon  as  tne  armature  is  wrenched  off  the  magnetism  disappears. 
An  air  gap  in  a  magnetic  circuit  always  tends  to  hasten  demagne- 
tising. A  magnetic  circuit  composed  of  a  long  air  path  and  a 
short  iron  path  demagnetises  itself  much  more  rapidly  than  one 
composed  of  a  short  air  path  and  a  long  iron  path.  In  long  pieces 
of  iron  the  mutual  action  of  the  various  parts  tends  to  keep  in 
them  any  magnetisation  that  they  may  possess  ;  hence  they  are 
less  readUy  demagnetised.  In  snort  pieces,  where  these  mutual 
actions  are  feeble  or  almost  absent,  the  magnetisation  is  less  stable, 
and  disappears  almost  instantly  on  the  cessation  of  the  magnetising 
forces.  Snort  bits  and  small  spheres  of  iron  have  no  *'  magnetic 
memory.''  Hence  the  cause  of  the  commonly  received  opinion 
amongst  teleeraph  engineers  that  for  rapid  work  electromagnets 
must  have  uiort  cores.  As  we  have  seen,  the  only  reason  for 
employing  long  cores  is  to  afford  the  requisite  length  for  winding 
the  wire  which  is  neoessflkry  for  carrying  the  needful  circulation  of 
current  to  force  the  magnetism  across  the  air  gaps.  If  for  the 
sake  of  rapidity  of  action,  length  has  to  be  sac^inced,  then  the 
coils  must  be  heaped  up  more  thickly  on  the  short  cores.  The 
electromagnet  in  American  patterns  of  telegraphic  apparatus 
usually  have  shorter  cores,  and  a  relatively  greater  thickness  of 
winding  upon  them,  than  those  of  European  patterns. 
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(Chntinued  from  page  5S0.) 
St.  Jahbs's  and  Pall  Mall  Elbctrio  Liohtzng  CoiiFANT. 

This  company  was  formed  for  the  purpose  of  supplying  the 
whole  of  the  parish  of  St.  James,  Westminster,  and  commenced 
to  supply  current  under  their  provisional  orders  from  their 
station  in  Mason's-yaid,  Duke-street,  on  April  4th,  1889. 

The  direct  current  is  employed  without  batteries. 

At  present  the  above  station  supplies  the  southern  half  of  the 
district,  the  total  plant  consisting  of  five  Davey-Paxman  boilers, 
working  at  1501b.  per  sauare  inch.  Two  large  Berryman  feed- 
water  heaters.  Ten  Willans  compound  engines,  each  of  200 
i.h.p.  Two  Willans  compound  engines,  each  of  70  i.h.  p.  Twelve 
dynamos,  lAtimer  ClarK,  Muirhead,  and  Co.,  and  Siemens, 
driven  direct  from  the  engines.  The  whole  of  this  plant  is 
neatly  arranged,  so  as  to  occupy  the  least  space. 

The  mains  consist  of  a  network  of  conductors  on  the  three- 
wire  system,  supplied  at  about  100  volts  at  the  station  by 
suitable  feeders.  A  cast-iron  trough  or  culvert  is  laid  under 
the  surface  of  the  pavement,  and  three  conductors,  each  con- 
sisting of  a  number  of  stripe  of  bare  copper,  which  can  be 
added  to  at  any  time,  are  carried  by  porcelain  bridges,  placed 
at  suitable  intervals  apart.  To  avoid  any  risk  of  the  mains 
touching  each  other,  porcelain  distance-pieces  are  placed  over 
the  mains.  A  cast-iron  lid,  with  water-tight  joint,  covers  the 
trough.  Connection  to  customers'  houses  is  made  by  drawing 
wall-insulated  cable  through  gas  tubing,  which  is  screwed  into 
the  trough. 

*  Paper  read  before  the  Society  of  Arts  on  Wednesday,  Dec.  10, 


On  December  5  a  total  equivalent  to  23,174  lamps  of  8  o.p* 
were  connected.  Mr.  Dobson,  the  company's  engineer,  kindly 
informed  me  that  the  maximum  lamp  supply  is  equal  to  about 
13,222  lamps  of  6  c.p. — say  57  per  cent. 

The  Westminster  Electric  Supply  Corporation,  Ldiitki). 

The  district  in  which  this  corporation  is  authorised  to  supply 
electricity  by  its  provisional  order,  comprises  that  portion  of  the 
united  parishes  of  St.  Margaret  and  St.  John,  Westminster, 
which  lies  to  the  south  of  the  centre  line  of  the  Metropolitan 
District  Railway,  and  the  portion  of  the  parish  of  St.  Qeorge, 
Hanover-square,  covering  feelgravia  and  Mayfair. 

The  system  adopted  is  similar  to  that  of  the  Kensington 
and  Knightsbridge  Company,  direct  current  in  conjunction  with 
batteries  used  as  regulators,  and  also  for  supply  during  hours  of 
minimum  demand. 

Three  stations  are  being  erected,  one  at  Millbank-street,  one 
at  Eccleston-place,  and  one  in  Davis-street,  in  the  positions 
shown  on  the  map. 

Current  is  now  being  supplied  from  the  Millbank-street  station 
and  from  a  small  temporary  station  in  Dacre-street.  The  other 
two  are  being  pushed  forward  as  fast  as  possible,  in  order  to 
supply  from  all  stations  early  in  the  year. 

Mains  are  being  laid  for  a  three- wire  distribution,  Messrs. 
Crompton  being  the  contractors  for  the  Westminster  district, 
where  the  system  adopted  is  similar  to  that  put  down  by  Mr. 
Crompton  for  the  Kensington  and  Knightsbridge  Company. 

For  other  parts  of  the  district  Prof.  Kennedy,  the  engineer 
to  the^  company,  has  devised  the  arrangement  shown  on  the 
plan.  Bare  copper  strip  rests  on  stoneware  insulators  placed 
from  6ft.  to  8ft.  apart,  and  bedded  in  the  concrete  culvert  as 
shown.  The  copper  is  stretched  by  a  special  tool  before  being 
pulled  in,  and  this  process  gives  it  sufficient  stiffiiess  not  to  sag 
perceptibly  between  the  insulators.  The  total  sectional  area  of 
the  conductors  can  bo  increased  when  required  by  the  addition 
of  more  copper  strip.  Feeders  are  used  in  a  most  systematic 
manner,  and  Prof.  Kennedy  is  to  be  congratulatea  on  the 
favourable  prospects  of  this  company's  work.  There  is  a  large 
demand  for  light  in  the  district,  and  the  rapid  progress  of  this 
company  justifies  the  expectation  of  a  speedy  supply  from  the 
stations  now  in  progress. 

The  London  Electric  Supply  Corforahon,  LmmD. 

The  parliamentary  powers  possessed  by  this  company  cover  a 
large  area,  comprising  the  district  bordering  the  south  side  of 
the  Thames  from  Westminster  Bridge  to  Greenwich,  Mayfair, 
Belgravia,  St.  James  and  Pall-mall,  St.  Mardn's-in-the-FieldSy 
pait  of  Westminster,  Chelsea,  and  two  isolated  areas — ^namely, 
Newington  and  Clerkenwell. 

The  Ferranti  system  is  employed  throughout,  alternating 
current  being  generated  at  an  extra  high  pressure  and  trans- 
mitted to  converting  stations,  from  which  it  ii  distributed  at 
high  pressure  to  the  service  converters. 

The  corporation  has  erected  a  large  station  at  Deptford, 
which  has  been  admirably  designed  for  the  purpose,  naving 
road-frontage,  wharfaffe,  and  coaling  dock.  The  {uant  oonaista 
of  24  Bab<K>ck  and  Wilcox  boilers,  four  compound  vertical 
engines  by  Hick  and  Haigreaves,  two  of  which  are  1,500  Lh.p. 
each,  and  two  of  750  i.h.p.  each.  There  is  almost  unlimited 
room  for  extension. 

Each  of  these  engines  drives  a  Ferranti  dynamo  by  cotton 
ropes,  the  exciters  being  driven  direct  from  independent 
engines. 

In  order  to  convey  the  high  pressure  from  Deptford  to 
Loudon,  Mr.  Ferranti  devised  a  special  form  of  main  for  this 
purpose,  which  has  been  frequently  described. 

About  28  miles  of  these  mains  have  been  laid,  the  distributing 
mains  from  the  converting  stations  being  of  various  kinds.  This 
company's  Grosvenor  GaUery  station  having  lately  been  closed, 
a  hurried  change  has  had  to  be  made  in  order  to  enable  the 
corporation  to  supply  from  Deptford. 

Chelsea  Electricity  Supply  Company. 

This  company's  provisional  order  covers  the  whole  parish  of 
Chelsea,  a  portion  of  which  the  company  is  now  supplying. 

Direct  current  is  employed  with  accumulators,  but,  unlike 
other  companies  in  London,  in  this  case  the  accumulators  are 
charged  with  a  high-pressure  current,  and  discharge  direct  at 
low  pressure  into  the  mains.  I  am  not  in  possession  of  any 
information  of  this  company's  progress.  From  published 
descriptions  you  will  doubtless  be  aware  that  the  generating 
station  is  situated  at  Draycott-place  with  battery  stations  at 
Clabon-mews,  Egerton-mews,  and  Pavilion-road. 

The  ELBCfTRioiTY  Supply  Corporation. 

This  company  obtained  a  provisional  order  in  1889  for 
supplying  the  whole  of  the  parish  of  St.  Martin's*in-the-Fields. 
Direct  current,  without  batteries.  The  station  is  placed  just 
off  the  Strand,  and  was  laid  down  some  years  ago  oy  Messrs. 
Gatti  to  supply  the  Adelaide  Gallery  and  the  Adelphi  Theatre  ; 
it  is  now  being  extended.  At  present  the  plant  consists  of  four 
Babcock  and  Wilcox  boilers ;  five  Willans  engines,  amounting 
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to  600  Lh.p. ;  five  Edison-Hopkiason  dynamos,  each  being  driven 
direct  from  one  engine.  Ci^lender  mains  are  laid  down  in  Cal- 
lender- Webber  casing. 

St.  Pancbas  Vestry. 

The  Vestry  have  decided  to  carry  out  the  electric  lighting  of 
the  parish  themselves,  and  have  secured  the  able  services  of 
Prof.  Robinson  as  their  engineer.  .  The  direct-current  system 
will  be  adopted,  and  a  station  is  now  being  erected  in  Stan- 
hope-street, Euston-road,  for  the  supply  of  the  south-west 
portion  of  the  parish. 

NoTTiNO  Hill  Electric  Liohtino  Cobifant. 

The  provisional  order  granted  to  this  eompany  includes  the 
district  of  Notting  Hill  which  comes  within  part  of  the  parish 
of  Kensington,  St.  Mary  Abbott. 

The  systom  is  similar  to  that  adopted  by  the  Kensington  and 
Knightabridge  Company. 

The  first  generatmg  station,  situated  off  High-street,  Ken- 
sington, is  now  approaching  completion,  the  plant  consisting  of 
Babcock  and  Wucox  boilers,  Willans  engines,  Crompton  dyna- 
mos, and  Howell  batteries ;  Crompton's  mains  are  idso  laid,  as 
shown  on  the  map. 

The  Mbtropoutan  Electric  Supply  Company. 

The  parliamentary  powers  of  this  company  include  the  large 
and  important  districtis  of  Paddington  ana  Maxylebone  parishes, 
with  part  of  St.  Martin's-in-the-Fields,  the  Holbom  and  Strand 
district,  and  St.  Giles's  Board  of  Works. 

Variooa  systems  are  employed  by  this  company,  both  the 
alternating  and  direct  current  systems  being  adopted. 

The  company  is  at  present  supplying  from  four  stations,  and 
it  may  perhaps  be  better  to  describe  them  separately. 

The  Whitehall  station,  situated  in  Whitehall-avenue,  is  a 
direct-current  station  which  possesses  no  novelty  and  supplies 
the  surrounding  locality,  the  plant  consisting  of  Hick-Har- 
greavea  boilers,  Willans  engines,  and  Siemens  dynamos. 
Callender  mains  are  laid  down  the  Northumberland-avenue 
subway  and  elsewhere. 

The  Sardinia-street  station  contains  a  complete  plant  on  the 
Westinffhouse '  alternating-current  system,  consisting  of  12 
Babcock  and  Wilcox  boilers,  working  at  1501b.  per  square 
inch ;  12  Weetinghouse  alternators,  each  being  belt-driven  by  a 
Westinghouse  compound  engine,  as  shown  on  the  plan.  There 
are  also  three  exciters,  each  being  belt-driven  b^  its  own  engine. 

The  Manchester-square  station  contains  nine  Babcock  and 
Wilcox  boilers,  10  Parker  alternators,  each  driven  direct  by  a 
200-h.p.  Willans  engine,  as  shown  in  the  sketch  of  the  engine- 
house  placed  on  the  wall.  There  are  also  four  exciters,  each 
being  driven  direct  by  a  Willans  engine.  The  steam  piping  is 
arranged  on  a  method  devised  by  Mr.  J .  H.  Rosenthal,  the 
London  manager  of  the  Babcock  and  Wilcox  Boiler  Company, 
and  possesses  many  advantages. 

The  Rathbone-place  station  conteins  plant  of  a  similar  kind, 
there  being  five  boilers,  six  alternators  and  engines,  two 
exciters  and  engines. 

The  system  of  distribution  from  the  three  latter  altematinff 
current  stetions  is  of  a  simple  description — cast-iron  pipes  laid 
underground  form  conduits,  into  which  '*Silvertown  vulca- 
nised rubber  cables  have  been  drawn  when  required.  Split 
T-pieces  are  inserted  in  the  pipes  for  connection  to  customers' 
premises.  These  mains  are  looped  from  house  to  house, 
returning  to  the  stetion,  so  as  to  form  complete  rings.  Each 
customer  has,  therefore,  a  duplicate  supply,  thus  enabling  new 
customers  to  be  connected  to  the  system  without  interrupting 
the  supply  on  the  circuit. 

All  these  three  stations  are  connected  together  by  trunk 
mains,  which  enables  one  stetion  to  assist  another,  or  teke  the 
whole  load  of  the  district  during  the  hours  of  least  demand. 
The  current  leaves  each  of  these  stetions  at  a  pressure  of|l,000 
volts,  this  moderate  pressure  being  adopted  as  the  number  of 
supply  stetions  reduces  the  distance  to  which  each  cable  has  to 
be  laid  to  meet  the  demand.  The  whole  supply  is  distributed 
by  a  number  of  small  cables,  which  can  be  easily  replaced 
when  required. 

The  demand  for  light  has  been  very  encouraging ;  and,  as  you 
will  see  from  the  table,  the  progress  of  the  lamp  connection 
to  these  stetions  has  been  very  rapid.  I  regret,  however,  to 
say  that,  although  this  company  at  present  supplies  light  to  12 
public-houses,  only  four  churches  are,  so  far,  connected  with 
the  system. 

Having  now  completed  our  tour  of  the  stetions  of  the  various 
companies,  we  have  seen  how  the  streete  of  London  have 
lately  been  disturbed  in  order  to  lay  all  those  mains  ;  no 
doubt  a  certain  amount  of  inconvenience  has  unavoidably 
been  caused  to  traffic,  but  it  has  revealed  the  wonderful  system 
of  organisation  by  which  London  is  governed  ;  and  the  vestry 
surveyors,  whose  labours  have  been  much  increased,  have  not 
only  afforded  every  facility  for  carrying  out  the  work,  but  have 
rapidly  reinsteted  the  pavemento  at,  of  course,  the  cost  of  the 
respective  electric  light  companies.  The  public,  therefore, 
though  for  a  short  time  inconvenienced,  have  in  reality  secured 
new  pavemento  for  old. 


Summarising  the  planto  adopted  by  the  various  supply  com- 
panies, it  is  interestmg  to  notice  how  the  peculiar  conditions 
of  electrical  supply  in  the  very  limited  space  usually  available 
have  been  provided  for  by  manufacturers.  As  an  instance  of 
this  it  may  be  noted  that  W  illans  engines,  amounting  to  about 
9,000  h.p.,  are  used  by  the  public  supply  companies  in  London, 
and  similar  engines,  aggregating  more  than  2,000  i*li'P-f  for 
private  planto  in  the  metropolis.  The  Babcock  and  Wiloox 
boiler,  having  also  been  so  universally  adopted,  it  may  be  of 
interest  to  stete  that  78  boilers  of  this  type,  supplying  14,290 
Lh.p.,  are  now  at  work  in  London. 

Private  Plants. 

One  result  of  the  Act  of  1882  has  undoubtedly  been  to  cause 
a  large  number  of  private  installations  to  be  erected,  but  so 
many  of  our  leading  electric  light  contractors  have  laid  down 
thoroughly  efficient  planto  that  there  is  perhaps  no  cause  for 
regret.  Most  of  the  large  terminal  London  railway  stetions 
work  their  own  electric  light  machinery,  the  largest  installation 
being  at  Paddington,  where  the  Great  Western  Railway  Com- 
pany have  machinery  of  1,500  h.p.  for  the  purpose.  For 
residences,  gas  engines  provide  the  motive  power  for  driving 
dynamos  supplying  about  18,000  lamps  of  32  watto  each,  the 
remainder  being  steam-driven. 

It  may  be  of  interest  to  note  that  the  Crossley  Otto  gas 
engine,  which  was  awarded  a  gold  medal  at  this  society's  recent 
motor  comi)etition,  is  now  in  use  for  this  purpose,  havine  been 
pressed  into  service  by  Messrs.  Laing,  Wharton,  and  Down. 
This  totel  may  appear  large,  but  it  must  be  remembered  that 
many  of  the  large  hotels  having  their  own  steam  plant  for 
working  lifto,  warming,  and  cookine,  have  added  electric  light- 
ing machinery  ;  the  totel  also  includes  the  lamt>s  at  D'Oyly 
Carte's  new  theatre,  where  Messrs.  Verity  have  erected  a  plant 
so  complete  that  it  may  almost  be  considered  a  small  central 
stetion. 

Number  of  iKCANDEscsirr  Laiiips  now  in  Use  in  London. 

With  the  kind  assistence  of  the  electric  light  oontractozy, 
particularly  Messrs.  Verity,  Laing,  Wharton,  and  Down,  Phippi 
and  Dawson,  Drake  and  Gorham,  Sharp  and  Kent,  and  many 
others,  and  the  public  supply  companies,  I  have  been  able  to 
collect  date  that  the  total  equivalent  number  of  32-watt  lamps 
now  in  use  in  London  is  approximately  as  follows  : 

Public  supply  companies   179.060 

Private  plants « 85,000 

Total 264,060 

At  the  present  rate  of  increase  a  very  moderate  estimate  gives 
an  addition  of  at  least  4,000  lamps  per  week,  and  there  is  uttle 
doubt  that  this  number  will  be  greatly  exceeded  at  no  distent 
date. 

All  these  incandescent  lamps  have  been  calculated  on  a  basis 
of  52  watto  or  8  c.p.  lamps,  as  experience  has  shown  that  this 
is  a  size  much  used  in  London,  and,  by  teking  the  smallest 
lamp,  we  avoid  dealing  with  half  lamps. 

Before  leaving  these  particulars,  it  will  probably  be  of  service 
to  the  designers  of  future  stetions  if  we  tebulate  the  date  col- 
lected. 

Table  Showing  Pebckmtage  of  Maximum  Lamp  Supply  at  ant 
Momknt  to  Total  Lamp  Connsotion. 

Station.  Percentage. 

House-to-House    42 

Kensington  and  Knightabridge 30  to  40 

St.  James's  and  Pall-inall  57 

Sardinia-street 45 

Rathlone-place    64 

Manchester-square  45 

It  may  perhaps  be  of  interest  if  I  draw  your  attention  to 
the  following  teble,  based  upon  date  which  has  come  under  my 
observation,  showing  the  candle-power  of  lamps  mostly  used  : 

Lamps  (50  volts). 

8  c.p       16  c.p.       32o.p.      50c.p.      100  o.p.      200  cp.      500  o.p. 
597  1,666  62  13  8  8  3 

Lamps  (100  volts). 
5,437        5,131         176  26  57  40  3 

During  1886  and  part  of  1887  I  was  able  to  collect  the  date 
(see  Table  A)  of  the  behaviour  of  incandescent  lamps,   each 
of  25    c.p.,  with  an  efficiency  of  3^  watto  per  candle,  and  I ' 
trust  that  more  information  of  this  kind  will  be  collected. 

With  reference  to  arc  lighting,  considerable  progress  is  being 
made  ;  and,  although  the  number  now  in  use  in  liondon  does 
not  much  exceed  1,000  lamps,  there  is  no  doubt  that  rapid  pro- 
gress will  be  made. 

Prof.  Silvanus  Thompson,  in  March,  1889,  showed  you  all  the 
best  known  arc  lamps  ;  and,  for  further  information  of  their 
development,  I  must  refer  you  to  his  most  complete  paper  on 
the  subject,  published  in  the  society's  Joumcdf  March  8th,  1880L 

It  is  a  matter  for  resret  that  there  is  no  progress  to  be  noticed 
in  connection  with  the  efficiency  of  the  incandescent  lamp, 
which  remains  much  the  same  as  it  was  five  years  ago.  It  wul 
be  apparent  from  the  teble  showing  the  oandle-power  of  lamr^ 
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mostly  used,  that  a  reaUy  efficient  100-yolt  8-o.p.  lamp  is  much 
needed  ;  the  present  lamps  of  this  kind  have  such  a  short  life 
that  customers,  contractors,  and  electric  supply  companies 
would  all  hail  its  advent  as  a  boon. 

We  must  also  remember  that  the  future  progress  of  electric 
lighting  depends  in  no  small  measure  on  the  mmpmakers,  and  as 
the  manufacture  of  the  incandescent  lamp  will  soon  be  open  to 
all  (owing  to  the  expiration  of  the  present  patents)  the  absolute 
necessity  of  a  standardising  laboratory  must  compel  its  adoption 
where  not  only  instruments  but  lamps  can  be  tested,  so  that 
people  may  know  when  they  ask  for  an  8-c.p.  100- volt  lamp, 
with  or  without  a  guaranteed  life  of  say  10,000  hours  at  an 
efficiency  of  Zi  watts  per  candle,  that  they  get  what  they  have 
asked  for. 

That  this  question  of  lamp  efficiency  is  of  importance  to 
customers  ana  supply  companies  alike  few  will  doubt,  and  the 
following  table  will  probably  explain  itself  : 


Watta 

Candles 

Lamps  per  1,000  watts. 

^I^ 

per  1,000 
watts. 

candle. 

8  c.  p. 

16  o.p. 

20c.p. 

32  c.p. 

2*00 

5000 

62-5 

31-2 

25-0 

15*6 

2-25 

444-5 

55-5 

27-7 

22-2 

13-9 

2*60 

4000 

500 

25-0 

200 

12-5 

2-76 

363-6 

46-4 

22-7 

18-2 

11-4 

3-00 

333-3 

41-7 

20-8 

16-7 

10-4 

3-26 

307-6 

38-4 

19-2 

15-4 

9-6 

3-50 

286 -7 

35-7 

17-8 

14-3 

8-9 

3-76 

266-6 

33-3 

16-7 

13-3 

8-3 

4-00 

250-0 

31*2 

15-6 

12-6 

7-8 

We  see  then  how  an  improved  lamp  efficiency  will  benefit 
the  supply  companies,  by  enabling  them  to  increase  their  lamp 
connection. 

The  foUoinng  table  will  appeal  most  strongly  to  aU  users  of 
the  incandescent  lamp ;  but  it  must  be  assumed  that  an  in- 
creased efficiency  is  not  obtained  at  the  expense  of  a  reduced 
life  of  the  lamp. 

The  most  satisfactory  feature,  however,  of  the  present  Edison- 
Swan  lamps  is  the  uniformity  of  their  voltage ;  and  the  scientific 
department  of  the  Edison  and  Swan  Company's  works  is  to  be 
congratdated  on  the  assistance  they  have  given  to  the  industry, 
by  practically  enabling  voltmeters  to  be  set  by  photometricHsl 
tests  of  the  lamps. 

Cost   fsb  Aknttk  per   8-c.p.  Lam?  at  8d.   per  Unit,  Lamps 

Burning  an  Average  of  : 


Per  day. 

jhonr 
per  day. 

Ihoar 
per  day. 

2  hoars 
per  day. 

3  hoars 
per  day. 

4  hoars 
per  day. 

Hours  per 
annum. 

182-5 

366 

730 

1,095 

1.460 

2     watts  psr  candle , 

2-25  „  .,       

2-50  „  „ 

2-76  „ 

3*25  ,,  ,,       

3*60  ,1  ,,       

3-76  „  „        

4-00  „  „       


Cost  per  annum  with  lamp  efficiency  of : 

d. 

100 
90 
9 
90 


£  s.  d. 

0  1  11 
2  2 
2  5 
2    8 

2  11 
3 
3 
3 

3  11 


0 
0 
0 
0 
0 
0 
0 
0 


0 

0 

0 

0 

20 

50 

80 


£  8.  d. 

0    3  11 

4    5 

4  10 

5  4 

5  10 

6  4 
6  10 
7 
7 


0 

0 

40 

100 


,  I. 

7 
8 
9 
0  10 
0  11 


12 
13 
14 
15 


8 
8 


7 
8 


81 


8. 
11 

13 

14 

16 

17 

19 

0 

1 

3 


d. 
9 
2 
7 
1 
6 


5 

11 

6 


01 


£  B.  d. 

0  15    8 
0  17 

0  19 

1  1 
1    3 

5 
1    7 
19    2 
1  11    4 


6 
6 
5 
4 
4 
3 


It  may  be  thought  that  an  estimated  use  of  a  lamp  for  only 
about  200  or  300  hours  per  annum  is  very  low,  but  it  should 
be  remembered  that  the  electric  light  need  only  be  used  when 
it  IB  required,  as  the  ease  of  switchii^  it  on  and  off  makes  us 
forget  all  our  past  troubles  in  hunting  for  gas-taps,  matches, 
and  broken  gas-globes.  With  ordinary  care  the  average  cost 
of  burning  an  8-c.p.  lamp  for  ordinary  domestic  use  need  not 
exceed  10s.  per  annum. 

Of  course  much  depends  on  the  wiring  contractor,  who  not 
only  has  to  be  an  accomplished  art  critic  in  designing  or 
selecting  the  brackets,  pendants,  etc.,  but  he  has  also  to  suggest 
the  most  advantageous  positions  for  the  lamps  and  switches.  A 
switch  placed  near  the  door  of  every  room,  and  not  less  than 
two  lamps  in  any  room,  will  probably  save  annoyance. 

The  greatest  progress  has  been  made  in  the  wiring  of  houses ; 
not  only  is  more  work  done,  but  it  is  better  done,  and  on  more 
mechanical  principles ;  for  whereas  some  years  ago  a  single  main 
would  have  oeen  run  from  top  to  bottom  of  a  house  with  nume- 
rous T- joints,  independent  circuits  will  now  be  wired,  and  tdl 
brought  to  a  neat  form  of  distributing  board. 

The  effect  of  the  extra  care  which  is  now  taken  with  this 
work  is  proved  by  the  following  table  of  insulation  tests,  taken 
with  100  volts  at  200  houaes. 


Insulation  Tests  of  Internal  Wiring  (taken  with  100  volts — 

EVERSHED  OhMMETRR). 


NuTTiber  of 
points. 



Test 
megohms. 

5  to    10 
10  ..    15 

Average  of  15  houses 

„          23      „      

4-0 
3*5 

15  „     20 
20  ..     25 

18      

„           13      „       

2-8 
2-7 

25,.    36 
35  ..    40 

33      „       

12      „       

1-8 
1-6 

40  ,,    50 
50  ..    60 

16      ,.       

„           12      „       

1-2 
1-1 

60,.    70 
70  „  120 

„            9      

„           14      , 

1-0 
•4 

IIX)  ..  220 

„            9      

*25 

*"•"    II     Knnr 

I  hoped  to  have  been  able  to  place  before  you  some  record 
of  the  improvement  in  the  heiuth  of  London  owing  to  the 
progress  of  electric  lighting,  but  so  much  has  already  been  said 
and  publiahed  about  it  that  further  facts  appear  needless.  It 
is  simply  melancholy  to  see  so  many  of  our  churches  and  haUs 
not  only  burning;  their  gas  jets  for  lighting,  but  also  for  ^'  warm- 
ing "  the  buildmg.  If  culpable  negligence  amounts  to  man- 
slaughter, the  people  responsible  for  this  atrocity  ought  to 
receive  their  deserts. 

Having  now  placed  before  you  some  account  of  the  progress 
of  electric  lighting  iu  London,  I  must  ask  you  to  compare  our 
metropolis  with  other  cities,  and  leave  you  to  judge  whether  we 
are  so  very  far  behind  them  as  some  would  have  us  believe. 
Is  it  not  more  probable  that  other  countries  wOl  be  glad  to  avail 
themselves  of  the  experience  which  London  must  gain  in  the 
working  of  so  many  distinct  systems  ? 
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Prof.  W.  £.  Aybton,  F.R.S.,  President,  in  the  chair. 

The  following  communications  were  made  : 

< '  AddittoBAl  Noteson  Seoondaiy  Battertaa,"  by  Dr.  J.  H.  OUd- 
stone,  F.&.8.,  and  Mr.  W.  Hibbert,  T.I.C.  After  referring  to 
the  debatable  points  as  to  what  compounds  are  formed  and  decom- 
posed in  the  working  of  such  batteries,  the  authors  give  the  re- 
sults of  their  examination  of  the  red  substance  formed  by  the 
action  of  dilute  sulphuric  acid  on  minium,  and  which  Dr.  Frank- 
land  believes  to  be  a  compound  having  the  formula  Pb|S,Oio. 
The  ultimate  analysis  showed  72  per  cent,  of  lead.  A  portion  of 
the  substance  was  treated  with  a  3  per  cent,  solution  of  aounonium 
acetate  to  dissolve  out  any  normal  sutphate  thac  might  be  present ; 
this  left  a  residue  much  darker  in  colour  than  the  original  sub- 
stance, and  containing  82  per  cent,  of  lead.  PbOg  contains  86*6  per 
cent,  of  lead.  The  colourless  solution  yielded  a  ratio  of  Pb  to  SO4, 
varying  from  2*0  to  2*15 ;  pure  Pb  SO4  requires  a  ratio  of  2-16,  and 
Dr.  Frankland's  compound  3-23.  From  tnese  results  the  authors 
conclude  that  the  portion  dissolved  was  not  a  basic  sulphate,  and 
that  the  evidence  tells  against  the  original  substance  being  a 
chemical  compound.  The  authors  have  also  continued  their  com- 
parative experiments  on  the  action  of  sponey  lead  on  dilute  sul- 
phuric acid,  either  pure  or  containing  a  smiul  quantity  of  sulphate 
of  soda.  After  the  experiments  had  gone  on  for  five  months  the 
residues  were  analysed ;  that  from  the  pure  acid  showed  82  per 
cent,  of  lead  sulphate  and  18  per  cent,  of  metallic  lead,  whust 
that  mixed  with  sodium  sulphate  gave  89  per  oent.  of  lead 
sulphate  and  11  per  oent.  of  lead.  They  tnerefore  conclude 
that  although  the  action  of  acid  on  lead  is  initially  diminished 
bv  the  presence  of  sodium  sulphate,  the  final  result  is  rather 
the  other  way.  Mr.  O.  H.  Sobertaon,  who  had  used  ammo- 
nium acetate  to  analyse  plugs  from  storage  cells,  said  he 
had  arrived  at  results  much  the  same  as  those  stated  by  the 
authors.  Mr.  ftwlnbonM  said  Dr.  Frankland  was  absent,  but 
without  agreeing  with  him  he  would  suggest  that  Dr.  Frankland 
might  say  that  ammonium  acetate  deoomposed  the  subsalt, 
Pb,SsOio,  and  then  dissolved  the  sulphate,  Pb804.  The  question 
mi^ht  be  attacked  by  actine  on  equal  quantities  of  the  substance 
ana  the  mixture,  PbO^,  2  PDSO4,  in  a  calorimeter  with  ammonium 
acetate,  to  see  if  the  same  heat  is  produced.  This  would  show 
whether  the  substance  is  a  mixture  or  a  compound.  Dr.  8.  P. 
Tliompfleii  was  glad  that  the  authors  allowed  a  possibility  of  basic 
sulphate  being  formed,  for  it  was  well  known  that  an  almoet  irre- 
ducible sulphate  resulted  from  leaving  a  ceU  nearly  discharged. 
This,  he  thought,  would  point  to  a  possible  formation  of  a  basic 
sulphate  from  PbO  and  PbS04.  Mr.  Swlnbnme  did  not  see 
where  the  PbO  came  from,  except  in  newly-pasted  negatives,  and 
he  knew  of  no  evidence  of  an  intermediate  stage  of  oxide  on  the 
plates.  They  appear  to  change  directly  to  snlpnate.  Dr.  Tlwmp* 
■on  said  that  a  rapid  discharge  was  known  to  p»roduoe  basic  salts* 
Mr.  Swinbume  thought  this  was  due  to  deficiency  of  acid  near 
the  plates.  Peroxide,  he  said,  coald  not  be  formed  on  the  nega- 
tive, without  the  acid  was  heterogeneous  and  gave  rise  to 
local  currents.  Mr.  W.  Hlbbert,  rererring  to  Mr.  Swinburne's 
statement,  said  he  had  put  one  plate  of  spongy  lea4 
into  strong  acid  and  another  into  weak,  and  from  tnis  arrange- 
ment obtamed  a  fairly  large  current.  As  regards  the  basic 
sulphate  spoken  of  b^  Dr.  Thompson,  he  did  not  think  there  was 
much  probability  of  its  being  formed.     Time,  he  said,  had  an 
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important  influence  on  a  partially  discharged  cell,  and  he  woald 
not  expect  to  easily  reduce  the  PbSO^  formal  by  the  long-continued 
action  of  lead  on  sulphuric  acid.  The  President  enquired  whether 
Mr.  Hibbert's  ars^ment  would  apply  to  a  fullv-charged  cell  ?  Mr. 
Bibliert,  in  reply,  said  that  in  this  case  the  time  required  to 
produce  sufficient  sulphate  to  be  irreducible  would  be  yery  much 
larger,  for  in  a  partially  discharged  cell  much  sulphate  was  already 
formed.  Dr.  Gladstone  eaid  he  had  anticipated  that  Dr.  Frank- 
land  would  raise  the  objection  referred  to  by  Mr.  Swinburne.  As 
far  as  he  was  aware,  there  was  no  direct  evidence  either  way,  but 
he  thought  the  suggested  decomposition  was  improbable.  If  he 
acted  on  a  mixture  of  PbO^  and  PbSO^,  he  would  expect  to  get  the 
results  actually  obtained.  Mixtures,  however,  were  difficult  to 
deal  with,  and  the  results  not  conclusive,  for  the  physical  condi- 
tion of  the  mixture  was  not  the  same  as  that  of  the  actual  products. 
Referring  to  Dr.  Thompson's  remarks,  he  understood  that  it  was 
the  basic  sulphate  which  he  (Dr.  Thompson)  considered  irreducible. 
Dr.  Frankland,  however,  believed  this  sulphate  more  easily 
reduced  than  PbS04.  The  President  remarked  that  he  thought 
Dr.  Frankland  had  two  reasons  for  his  belief  in  the  existence  of 
the  basic  sulphates.  One  of  these  was  the  difficulty  in  reducing^ 
normal  sulphate,  whilst  the  other  was  based  on  the  rapid  fall  ox 
E.M.F.  at  a  certain  part  of  the  discharge.  It  was  at  this  point 
that  Dr.  Frankland  thought  the  new  sulphate  formed,  and  to  meet 
this  argument  it  was  necessary  to  find  some  other  explanation  of 
the  rapid  fall.  In  this  connection  he  (the  President)  enquired 
whether  there  was  sufficient  peroxide  formed  on  the  negative  plate 
to  account  for  the  drop.  On  this  point  Dr.  Gladstone  could  not 
speak  decisively. 

"  An  ninstration  of  Swing's  Theory  of  ICagnotism,"  by  Prof. 
S.  P.  Tliompson,  D.So.  A  number  of  small  **charm"  compasses  were 
placed  together  on  a  glass  plate  of  an  ordinary  vertical  attach- 
ment to  a  lantern.     A  large  magnet  at  a  distance  served  to 
neutralise  the  earth's  field,  and  a  coil  enabled  a  magnetising  force 
to  be  applied  in  the  plane  of  the  needles.     By  this  apparatus  all 
the  various  phenomena  exhibited  by  Ewing's  model  were  beauti- 
fully shown  on  a  screen.     In  the  course  of  his  experiments  Dr. 
Thompson  had  found  that  when  soaall  magnets  placed  at  moderate 
distances  apart  were  used  it  was  much  more  necessary  to  neutralise 
Uie  earth's  field,  in  order  that  they  might  set  themselves  according 
to   their   mutual   attractions,  than  when  larger  magnets  were 
employed.  A  weak  field  directed  the  small  openly  spaced  magnets, 
whereas  with  larger  ones  their  mutual  actions  were  much  more 
powerful.     This  fact  may,  he  thought,  throw  some  light  on  the 
molecular  groupings  in  magnetite  (loadstone).  This  substance  exists 
in  two  forms,  one  crystaUine  and  the  other  of  a  heterogeneous 
structure.      The   former   variety  exhibits    no    magnetic    reten- 
tivenesB,    whilst    the    latter    is    decidedly    magnetic.      As   far 
as  he  was  aware,  no  sufficient  explanation  had  been  given  of  the 
non-retentiveness  of  the  crystalline  variety.     A  difference  in  the 
molecular  distances  or  grouping  might  account  for  the  peculiarity. 
Mr.  Boys  said  it  was  rather  curious  that  Prof.  Rucker  had  just 
devised  a  somewhat  similar  illustration  of  Ewing's  theory,  ana  he 
exhibited  it  at  the  meeting.     It  consists  of  little  magnets  made  of 
lone  U-shaped  pieces  of  wateh  spring,  pivoted  by  glass  caps  on 
needle  points ;  the  needle  pointe  are  fixed  in  little  discs  oi  lead 
stuck  on  a  sheet  of  glass,  which  forms  the  base  of  a  glass  box.    An 
open  helix  surrounding  the  box  serves  to  apply  magnetic  force. 
Mr.  Swintinmo  called  attention  to  two  theoretical  points.     First, 
as  regards  susceptibility  (which  he  regarded  as  a  mere  ratio  and 
not  a  property),  ne  said  that  if  particles  of  iron  at  a  high  tempera- 
ture rotate,  as  has  been  supposed,  the  susceptibility  should  be 
negative,  and  Prof.  Ewing  had  some  reason  to  think  that  this  was 
the  case.    The  next  point  concerned  the  loss  of  energy  when  an 
armature  rotates  in  a  strong  magnetic  field  ;   this,  ne  said,  was 
known  to  be  considerable,  whereas  if  Ewing's  theory  is  correct,  he 
would  expect  little  or  no  loss,  for  all  the  little  magnets  would 
always  put  themselves  in  the  direction  of  the  field,  and  would  never 
pass  through  positions  of  unstable  equilibrium.     The  Prosidont 
said  he  had  discussed  the  question  of  negative  susceptibility  some 
years  ago  with  Dr.  Lodge  with  reference  to  the  drop  in  the 
characteristics  of  dynamos,  but  he  was  not  aware  that  any  direct 
evidence  had  been    obtained.      Prof.   Perry   thought    negative 
susceptibility  might  be  possible  in  strong  fields,  but  not  in  weak 
ones.     Kr.  Swinlmmo,  on  the  contrary,  considered  ita  existence 
would  be  more  marked  in  weak  fields.     Kr.  H.  Tomllnson  said  he 
had  tried  experimentally  whether  the   susceptibility  of  nickel, 
when  heated  above  ito  critical  temperature,  was  negative,  but  he 
had  not  been  able  to  detect  it,  although  his  apparatus  wm  very 
sensitive. 

*'  The  Solntion  of  a  Geomotrioal  Probtom  in  Bfagnetism,"  toy 
Thomas  H.  Blakesloy,  K.A.  The  problem  referred  to  was  the 
{oUowing :  Given  the  two  poles  of  a  magnet  and  a  straight  line 
intersecting  at  right  angles,  ite  axis  produced,  to  determine  at  what 
point  this  line  is  parallel  to  the  field. .  The  question  is  of  scientific 
mterest  because  u  the  point  be  found  experimentelly,  the  distance 
between  the  virtual  poles  of  the  magnet  can  be  determined,  whilst 
it  is  importent  practically  from  its  bearin|f  on  the  deviation  of 
ships'  compasses  in  certain  cases.  The  mstencee  in  which  it 
would  apply  are  pointed  out  in  the  paper.  Assuming  the  pointe 
m  and  n  (see  figure)  to  be  the  positions  of  the  virtual  poles,  and  P 

the  required  point,  it  is  shown  that  -^r r—  =  -= =-^  where 


O  m  =  n. 


\2mnJ 


O  n  =  n 


and 


(c£»  +  m»)  I  "*  (rf» -I- n')  I 
0  P  =  d.       From    this    the    expression 


m'  -f-  m' 


=  0  is  deduced.    Now  in  hyper- 


=  0,  hence  making  ^^tiL  =  cosh  3^,  we  have  also =oo«h^. 

*  *    2mn  2fiin 

The  value  of  $  can  be  then  found  by  aid  of  the  tobies  of  hyperbolic 
sines  and  cosines  compiled  by  the  author,  and  published  recently 
by  the  society.    The  distence,  cf,  can  thus  be  determined  in  tenoB 

I 
Pm  a 


•2d- 


of  m  and  n.  A  method  of  finding  the  point  experimentally  is  then 
described,  and  the  distance  between  the  poles  {2d)  shown  lobe 

given  by  the  expression  l=tenh??-,  where  1=.     /ooBh  3^-H  1    ^ 

<  2  »    \^      4  cosh  # 

being  the  distence,  OC.  The  latter  function  can  be  deduced 
from  the  teblee  already  referred  to.  Experiment  shows  that  the 
distance  between  the  virtual  poles  soon  approaches  the  length  ol 
the  magnet,  as  d  increases.     The  strength  of  the  field  at  P  is  given 

by  the  expression  ^      ^^f    ,  ,  where  M  is  the  moment  of  the 

d^    4 cosh'  ^-1 
xnagnet.     This  can  be  simplified  by  arranging  d  and  /  so  that 

cosh«  ^=-,  and  then  becomes  4^-   Under  these  oonditionB -  = 
4  8  d^  • 

*85065,  and,  therefore,  the  angle  O  C  P=40deg.  23^  10". 


DOVBR. 


*  2mn      *  2mn 
bolic  trigonomet  ry  W6  have  a  formula  cosh*  $-1  oosh  B-i  ooeh  3  6 


Report  of  Mr.  I.  A.  Timmia  on  the  lighting  of  Dover  by 
electricity : 

To  the  Town  aerk.--Dear  Sir,— I  beg  to  say  I  have  carefully 
considered  the  conditions  which  exist  and  have  to  be  dealt  with  io 
any  scheme  for  lighting  the  town  of  Dover  by  electricity. 

You  have  advised  me  that  in  the  first  instence  it  is  contomplated 
to  light  only  the  portion  coloured  dark  pink  on  the  map  in  your 
offices  ;  but  this  in  no  way  interferes  with  economy  or  efficiency  of 
the  system  which  I  beg  to  recommend  hereinafter.  The  town  of 
Dover  whether  taken  in  part  (part  coloured  dark  red  on  plan)  or 
as  a  whole  (within  the  municipal  boundary)  does  not  oover  a  large 
area,  and  the  uniformity  of  the  distributed  light  requirements  is  a 
most  marked  feature. 

Then  the  varied  character  of  the  uses  that  light  is  required  for, 
and  especially  the  large  amount  used  during  part  of  the  night. 

All  these  are  noticeable  features,  and  may  be  summed  up  thiu : 
1.  Limited  and  compact  area.  2.  Large  demand  within  that  area. 
3.  Uniformity  of  load  at  the  same  hours  of  each  day  in  the  same 
season.  4.  Large  quantity  required  during  greater  part  of  the 
night. 

These  conditions  make  it,  I  venture  to  advise,  imperative  to 
adopt  a  low-tension  direct-current  system,  with  the  mains  laid 
on  tne  three- wire  system.  By  this  means  much  economy  is  effected. 

If  very  long  distences  have  to  be  reached,  and  lax^ge  amonnte  of 
electricity  sent  over  the  mains,  clearly  it  is  a  question  of  high 
pressure  and  smflJl  mains,  or  low  tension  and  large  and  costly  mainB, 
and  it  is  generally  conceded  that  theoretically  the  former  plan  a 
the  most  economical,  provided,  of  course,  that  the  alternative  ii 
disallowed  of  putting  down  more  than  one  charging  station  on 
account  of  the  extra  dead  expenses  incurred  in  mindmg  and  working 
and  keeping  in  repair  more  than  one  mechanical  plant. 

I  am  of  opinion,  however,  that  this  last  objection  is  not  a  prac- 
tical one,  and  I  am  convinced  that  the  great  improvement  in  the 
evaporating  power  of  moderate  sized  boilers,  the  wonderful  effi* 
oiency  of  high-speed  engines  since  1888,  and  the  automatic  arrange- 
menta  for  stoking  and  working,  have  done  away  with  the  great 
expense  of  management,  which  till  recently  was  a  serious  matter. 

1  consider  that  it  is  beyond  aU  doubt  that  the  loss  of  electricity 
in  a  high-tension  system  through  imperfect  contacte  and  tranfl* 
formers  is  immense,  and  one  which,  as  time  goes  on,  must  increase. 

I  have  ventured  to  make  these  few  remarks  on  high  tension  dii- 
tribution,  because  there  is  a  laree  amount  of  capitel  and  energy 
embarked  in  it,  but  my  own  conviction  from  experience  and  obser- 
vation is  that  the  low-tension  systems  are  far  more  efficient— they 
ensure  better  and  more  regular  light,  and  are  far  safer. 

The  three*  wire  system  is  most  easy  to  fit,  and  saves  a  very  heavy 
percentage  in  the  cost  of  the  mains  in  the  low-tension  systemB. 
As  I  have  pointed  out  before,  there  is  really  no  excuse  for  even 
considering  a  high-tension  system  for  your  town. 

One  charging  and  generating  plant  will  be  ample  in  dealing  with 
the  smaller  area  proposed,  and  also  afterwards  for  the  K'^^ 
portion  within  the  municipal  boundary,  and  it  should  be  placed 
where  the  mains  oould  radiate  through  the  various  parts  of  the 
district  in  about  equal  lengths. 

The  engines  should  be  compound,  high-pressure,  direct-actin^i 
served  with  steam  from  locomotive  boilers,  and  driving  shunt* 
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wouDd   dynamoe.     The   am^gementa   for   lagging    feed-water 
heatens  and  steam-pipes  being  very  carefully  looked  after. 

The  mains  should  be  carried  in  troughs  underground  and  well- 
insulated,  and  the  lamps  used  in  ordinary  buUdings  exclusively 
inoindeeoent  of  16c. p.,  and  of  course  in  places  Sep.  (two  in 
series) ;  incandescent  lamps  of  200  c.p. ,  and  using  about  six  amperes 
and  the  same  voltage— viz.,  100  should  be  used  m  open  spaces  and 
in  the  streets,  and  the  present  gas  lamps  with  suitable  reflectors 
can  be  used,  but  I  am  of  opinion  that  special  lamp-posts  or  house 
brackets  should  be  put  up.  I  am  much  opposed  to  streets  being 
lighted  with  arc  lients,  and  I  do  not  see  that  there  are  any  arc 
lights  need  be  used  even  in  the  harbour. 

The  number  of  lamp-posts  in  the  streets,  as  compared  with  the 
present,  can  be  considerably  lessened,  and  the  light  should  be 
higher  than  the  lanterns  of  the  present  posts. 

I  may  remark  here  that  in  reconmiending  the  low-tension  three- 
wire  system  with  incandescent  lights,  I  not  only  do  so  on  the  score 
of  giving  the  maximum  of  light,  t>ut  also  the  minimum  of  trouble 
and  expense  in  maintenance. 

I  have  dealt  so  far  with  lighting  the  district,  its  public  build- 
ing, its  streets,  and  open  spaces  and  houses  bv  means  of  incan- 
descent lamps  of  about  100  volte,  and  such  oanale-power  as  will  be 
advisable  (but  principallv  16  c.p.  and  200  cp.). 

The  electric  current  being  generated  by  and  supplied  direct 
into  the  mains  from  shunt-wound  dynamos,  driven  direct  by  high- 
speed engines  usine  high-pressure  steam  from  locomotive  boilers. 
And  as  the  demand  rises  and  falls  the  current  would  be  regulated 
by  a  regular  attendant.  This  arrangement  works  admirably  in 
practice.  But  there  must  come  a  time  in  the  24  hours  when  the 
consumption  will  fall  below  one-sixth,  or  say  16  per  cent,  of  the  maxi- 
muxn  demand,  and  I  am  convinced  that  when  this  occurs  it  will  be 
advisable  to  supply  this  small,  and  in  all  human  probability 
variable  and  uncertain,  demand  from  a  battery  of  accumulators. 
This  batt<ery  will  be  charged  by  the  main  generating  plant.  In 
addition  to  its  great  usefuuiess  in  supplying  the  smiul  amount  of 
lighting  above-named  it  would  act  as  a  regulator  during  the  main 
lighting. 

As  regards  the  amount  of  plant  requisite  I  can  only  give  my 
calculations  for  the  guidance  of  your  honourable  Council,  and  they 
are  as  follows : 

The  district  marked  dark  red  upon  the  map  contains  in  all,  I 
calculate,  10  mUes  of  main  and  small  streets,  and  by  judiciously 
placing  the  lamps  one-half  the  present  number  would  be  required, 
and  I  venture  to  think  20  to  the  mile,  or  200  in  all,  would  be 
sufficient. 

I  assume,  after  careful  comparison,  that  some  18,000  to  20,000 
would  suffice  for  the  district ;  and  I  should  arrange  for  building 
to  hold  that  amount  of  generating  plant,  and  land  for  double  that 
plant  should  be  arranged  for.  I  do  not  consider  that  more  than 
100ft.  square  is  absolutely  necessary  for  the  plant  at  first,  but  it  is 
more  economical  to  have  fitting  shops  and  offices  on  the  same  floor, 
instead  of  overhead,  if  land  can  be  had  cheaply. 

The  supply  of  the  electric  curi^snt  should  be  by  contract  at  per 
lamp  or  space  lighted  in  streets  and  open  places,  but  by  quantity 
consumed  in  buildings.  The  meters  now  in  use  are  perfectly 
reliable.  The  price  charged  in  similar  installations  is  7d.  per 
Board  of  Trade  unit,  whidi  in  London  secures  customers.  I  can 
show  you  one  installation  which  has  in  15  months  supplied  6,285 
lamps. 

The  cost  of  a  plant  to  light  the  streets  and  districts  above 
named,  and  give,  say,  2,000  e.h.p.,  or  200  amperes,  would  roughly 
be  as  follows:  Engines  and  boilers,  £15,000.  Dynamos  and 
batteries,  £15,000,  or  30s.  per  lamp. 

The  cost  of  buildings  may  be  anything  from  £1,000  to  £5,000  or 
even  more,  according  to  the  ground  ana  their  distribution.  The 
cost  of  supply  to  a  house  or  building  for  a  customer  of  wires,  etc., 
may  be  for  10  lights  £12,  but  for  100  lights  £100,  exclusive  of  elec- 
troliers. The  cost  of  laying  street  mains  and  lamps  with  their 
posts  is  more  than  the  cost  of  gas  pipes  and  gas  lamps  on  account 
of  the  mains,  which  at  first  are  somewhat  an  unknown  quality, 
but  would  only  grow  with  the  demand. 

The  following  figures  will  give  a  far  better  idea  than  any  cost 
estimate,  which  can  be  given  accurately  when  the  amount  is 
decided  on  to  be  put  down. 

The  amount  charged  in  similarly  lighted  districts — i.e.,  with  this 
system — is  7d.  per  unit  as  stated  above,  but  in  other  places  this 
varies  as  high  as  Is.  A  unit  being  1,000  watt-hours,  and  at  Is.  is 
equal  to  about  6s.  per  1,000ft.  of  gas,  so  that  at  7d.  it  compares 
^vourably  with  low-priced  gas.  Now  the  cost  of  production  from 
experience  by  this  system  at  3d.  per  unit  sold  and  supplied  and 
the  profits  are  obvious. 

I  oeg  especially  to  point  out  that  the  question  of  efficient 
reflectors  must  be  kept  carefully  in  mind,  and  I  am  convinced  that 
the  whole  question  of  electric  supply,  not  only  in  England,  on  the 
Continent,  and  in  the  United  States,  is  so  thoroughly  understood, 
and  working  with  such  commercial  success,  that  your  honourable 
Corporation  will  act  wisely  in  keeping  that  supply  in  their  own 
hands,  and  also  keeping  the  supply  of  the  necessary  fittings, 
wirings,  and  instruments  in  their  own  hands,  or  at  least  under 
their  own  control. 

I  do  not  of  course  include  accessories — t.e.,  electroliers — which 
may  be  plain  or  ornamental,  according  to  the  taste  and  the  fancy 
of  the  purchaser. 

There  is  great  economy,  not  only  to  the  user  but  niore  especially 
to  the  supplier,  in  having  the  wiring  and  contact  switches  done  by 
a  regular  and  responsible  staff.  Too  much  importance  cannot  be 
attached  to  this. 

I  shall  hope  to  be  in  Dover  next  Tuesday,  to  attend  the  meeting 
of  your  honourable  Council,  and  will  get  out  before  then  some 
oomparative  figures,  showing  what  the  relative  proportion  of  cost) 


of  plant,  etc.,  is  if  one  half  of  the  plant  is  put  down  (t.e.,  1,000 
e.h.p.),  or  one  quarter,  or  the  whole. 

I  trust  this  information  and  particulars  will  enable  your  honour- 
able Council  to  decide  in  favour  of  the  scheme  I  strongly  advise. 


COMPANIES'  MEETINGS. 


WESTERN  COUNTIES  TELEPHONE  COMPANY. 

An  extraordinary  general  meeting  of  the  Western  Counties  and 
South  Wales  Telephone  Company,  Limited,  was  held  on  Friday, 
at  the  Grand  Hotel,  Broaa-street,  Bristol,  Mr.  Charles  Nash 
presiding.  The  Secretary  (Mr.  Henry  F.  Lewis)  having  read  the 
notice  convening  the  meeting. 

The  Ghalrmaa  moved  the  adoption  of  the  following :  '*  That  the 
Directors  be,  and  they  are  hereby,  authorised  by  this  general 
meeting  to  borrow  any  further  sum  or  sums  of  money  on  such 
security  (but  not  so  as  to  prejudice  existing  debentures)  and  terms 
as  to  interest  or  otherwise  as  they  may  deem  fit,  and  to  secure  the 
same  by  debentures  upon  the  whole  or  any  part  of  the  property, 
funds,  assets,  or  effectis  of  the  Company,  and  so  that  any  sum  not 
exceeding  £80,000,  including  the  £50,()00  previously  authorised 
and  issued,  may  be  owing  at  one  time,  but  so  that  the  money  to 
be  borrowed  under  the  authority  of  this  resolution  or  consent  shall 
not  bear  a  higher  rate  than  6  per  cent,  per  annum,  nor  (without 
the  consent  of  the  National  Telephone  Company,  limited)  a  higher 
rate  than  5  per  cent,  per  annum. 

He  would  say  a  veiy  few  words  upon  the  progress  of  the  Com- 
pany's business  during  the  present  year.  The  number  of  sub- 
scribers to  the  exchange  and  to  the  trunk  lines  in  1885  was  779, 
in  1887  it  had  increa^d  to  2,034,  and  in  November,  1890,  it  had 
increased  to  3,540.  As  to  receipts,  after  the  payment  of  royalties, 
they  had  increased  from  £8,064  in  1886  to  £21,286  in  1889,  and 
judging  from  the  progress  made  during  the  present  year  he  had 
no  doubt  that  the  amount  for  1890  would  exceed  £26,000.  It  was 
also  satisfactory  to  find  that  the  increase  was  going  on  at  a  more 
rapid  ratio  than  it  was  last  year.  In  1889  the  increase  in  the 
business  was  at  the  rate  of  £325  per  month  ;  during  the  present 
year  the  increase  had  been  at  the  rate  of  £411  per  month — so  that 
the  increase  on  that  of  last  year  had  been  at  the  rate  of  about 
£1,000  per  annum.  All  that  had  required  capital  to  be  expended, 
and  that  was  the  reason  of  the  proposal  now  to  issue  £30,Cib0  on  5 
per  cent,  debentures.  He  need  not  say  much  about  that.  They 
believed  the  security  was  an  excellent  one.  The  surplus  remain- 
ing last  year,  after  paying  interest  on  existing  debentures,  was 
£6,848.  The  surplus  this  year  would  certainly  be  very  much 
larger,  and  the  interest  upon  the  debentures  now  proposed  to  be 
issued  would  be  only  £1,500,  so  that  it  appeared  to  the  Directors 
that  the  security  offered  was  a  very  excellent  one. 

Mr.  Bead  seconded  the  motion.  He  remarked  that  the  progress 
of  the  Company's  business  was  satisfactory  to  the  shareholders  in 
every  sense. 

In  reply  to  a  question  as  to  the  expiration  of  patent  rights  at  a 
future  period,  it  was  stated  that  the  Company  were  covenng  their 
district  so  well  that  there  would  be  little  or  no  room  for  any  com- 
peting company. 

The  motion  was  unanimously  adopted. 


NEW  COMPANIES  REGISTERED. 


••••#••••• •• 
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J.  Tylor  and  Bona.  Limited.— -Registered  by  Sydney  Morse, 
4,  Fenchurch-avenue,  E.C.,  with  a  capital  of  £100,000  in  £10 
shares.  Object :  to  carry  on  business  as  mechanical  and  consult- 
ing engineers,  sanitary  engineers  and  contractors,  etc.,  manu- 
facturers of  electrical  plant  and  apparatus.  The  first  subscribers 
are :  Shares. 

W.  H.  Tylor,  2,  Newgate-street,  E.C 

J.  J.  Tylor,  2,  Newgate-street,  E.C 

W.  B.  H.  Drayson,  2,  Newgate-street,  E.C. 

P.  Bright,  2,  Newgate-street,  E.C 

J.  S.  Maples,  2,  Newgate-street,  E.C 

W.  S.  Salter,  2,  Newgate-street,  E.C 

T.  Allsop,  2,  Newgate-street,  E.C. 

There  shall  not  be  less  than  three  nor  more  than  five  Directors  ; 
the  first  are  the  first  four  signatories.  Qualification  :  Chairman, 
300  shares ;  the  other  Directors,  100  shares.  W.  B.  H.  Drayson 
and  P.  Bright  are  appointed  managing  directors  on  terms  to  be 
agreed.     Remuneration  of  other  Directors,  £60  each. 

Foroigii  Eleotiic  Date  and  Time  Stamp  Company,  Limited. 

Registered  by  F.  Fearon,  25,  Parliament-street,  S.W.,  with  a 
capital  of  £100,000  in  £1  shares.  Object :  to  acouire  an  invention 
of  an  electro-mechanical  date,  and  time  stamp,  for  which  patents 
have  been  obtained  under  the  patent  laws  of  France  and  Italy, 
numbered  respectively  188,735  and  26,377.  The  first  subscribers 
are :  Shares. 

E.  Berlin,  17,  AU  Sainte'-road,  W 1 

J.  R.  Akerman,  139,  Minories 1 

J.  P.  Nurse,  16,  Barforth-road,  Nunhead 1 

G.  J.  Pocock,  4,  Oswyth-road,  Camberwell 1 

J.  S.  Stevens,  90  and  91,  Queen-street,  E.C 1 

P.  J.  Dysart,  4,  Southwark-bridge-road   1 

E.  O.  Taylor,  46,  Brighton-road,  London   1 

There  shall  not  be  less  than  three  nor  more  than  seven  Directors ; 
the  first  to  be  appointed  by  the  subscribers  to  the  memorandum  of 
association.    Qualifioation,  £100.    Remuneration,  £600,  divisible. 
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CITY   NOTES. 


BrailUaa  BnlimarlBe  Tolagraph  GomiMUiy. — The  traffic 
receipts  for  the  past  week  amounted  to  £6,282. 

Oanrnt  Noitliem  Telegnipli  Cmnpany. — ^A  half-yearly  interim 
dividend  at  the  rate  of  5  per  cent,  per  annum  is  announced  by  the 
Board,  payable  on  the  let  pros. 

GromptoB  and  Ckimpaiij.— The  Oireetors  have  declared  an 
interim  dividend  upon  the  preference  shares,  for  the  half-year 
ending  September  1st  last,  at  the  rate  of  7  per  cent,  per  annum. 

Western  and  Bnudllaa  Tetegraph  CompaBy.— The  traffic 
receipts  of  this  Company  for  the  past  week  after  deducting  the 
fifth  payable  to  the  London  Platino-Brazilian  Company,  amounted 
to  £4,154. 

Wast  OeasI  of  Amerloa  Telegraph  Company.— The  coupons 
due  December  31st  on  the  debentures  of  this  Company  will  be  paid 
by  Messrs.  Barclay  and  Co.,  Lombitfd-street.  Coupons  shonla  .be 
l«t  three  clear  days  for  examination. 

United  Alver  Plate  Telephone  Company.--It  is  notified  that 
the  transfer  books  of  the  5  per  cent,  debenture  stock  of  the  Com- 
pany will  be  closed  to  Slst  inst  (inclusive),  for  the  purpose  of 
preparing  the  half-yearly  interest  warrants. 

■astern  and  South  Afirloan  Telegraph  Company. — ^Notice  is 

S'ven  by  the  Company  that  the  coupons  due  January  1st  next  on 
eir  5  per  cent,  mortcnige  debentures  will  be  paid  on  and  after 
that  date  by  Messrs.  Barclay,  Bevan,  and  Co.,  Lombard-street, 
£.C. 


Telegraph  Company.— The  Directors 
have  declared  an  interim  dividend  for  the  quarter  ended  Septem- 
ber 30th  of  28.  fid.  per  share,  tax  free,  payable  on  January  15th. 
The  coupon  on  the  Company's  5  per  cent.  Australian  Government 
Subsidy  debentures  due  on  the  1st  of  January  will  be  paid  by 
Messrs.  Barclay,  Bevan,  and  Co.,  54,  Lombard-street,  E.C. 
Coupons  must  be  left  three  clear  days  for  examination. 


PROVISIONAL  PATENTS,  1890. 


Dbobmbsb  8. 


20006.  ProteetlTe  and  tnanlating  boxes  fisr  enhterraneona 
telegraph  oondvlte.  Charles  Huelser,  Temple-chambers, 
London.     (Hermann  Paradies,  Germany.) 

Dboember  9. 

20019.  ImprorenMata  In  oirenite  for  eleotrlo  rallwaja.  Frank 
Weidener  Sabold,  62,  Chancery-lane,  London.  (Complete 
specification.) 

20043.  A  comtotnatton  of  telephones  and  meohanloal  algnala, 

George  Lee  Anders  and  Charles  Herbert  Elliot,  10,  Bush- 

lane,  Cannon-street,  London. 
20053.  Improvements  In  and  relating  to  eleotrlo  signals  for 

engines.     Peter    Jensen,     77,    Chancerv-lane,    London. 

(Harold  Green  Underwood,  United  States.) 

20062.  An   Improved  perfbrator   ftor    antomatlo   telegraphy. 

Samuel    Dickinson    Williams,    Moorlinch    House,    Clytha 
Park,  Newport,  Mon. 

20063.  Improved  apparatus  eonneoted  with  oolnmn  printing, 
telegraphleally  and  otherwise.  Samuel  Dickinson 
Williams,  Moorlinch  House,  Clytha  Park,  Newport,  Mon. 

20068.  Improvements  In  the  method  of  driving  oertaln  types  of 
peroQsslve  rook  drills  and  other  tools  by  eleotrlo  power. 

Llewelyn    Birchall   Atkinson,    1,    Queen    Victoria-street, 
London. 

20094.  Improvements  In  eleotrlo  traction  Inoreaslng  system  for 
railways.  Mark  Wesley  Dewey,  45,  Southampton-build- 
ings, London.    (Complete  specification.) 

20099.  Improvements  In  telephone  ezOhange  apparatus.  John 
Edward  Kingsbury,  24,  Southampton-buildings,  London. 
(The  Western  Electric  Company,  United  States.)  (Ck>m- 
plete  specification.) 

20100.  Improved  means  for  eontrolllng  the  snpply  of  eleotrlo 
enrrent  to  eleotrlo  mains  ftrom  a  dsmamo  or  dynamos. 

Peter  William  Willans,  24,  Southampton -buildings,  London. 
20102.  An  Improvement  In  dynamo-eleotrlo  and  eleetro-dynamle 
maehlnes.    Arthur  Salisbury  Baxendale,  28,  Southampton- 
buildings,  London. 

20111.  Improvements  In  apparatus  for  nse  la  the  eleetrolytle 
deoomposltlon  of  metalllo  salts.  Henry  Harris  Lake,  45, 
Southampton-buildings,  London.  (Isaiah  Lewis  Roberts 
and  Thomas  Henry  McGraw,  United  States.  (Complete 
specification. ) 

20116.  Improvements  In  what  are  known  as  antomatlo  or 
ooln-fireed  dynamometers.  Charles  Arthur  Barrett  and 
Alfred  Barrett,  4,  South-street,  Finsbury,  London. 

20121.  Improvements  In  theomometrlo  and  Are  alarms.    J.  B. 

Charles  Dion,  53,  Chancery-lane,  London. 

Deobmbkb  10. 

20134.  improvements  In  suspenders  fbr  suspending  eleotrlo 
light  and  other  eahles  firom  a  oarrylng  wire.  William 
Paul  James  Fawcns  and  Edward  Wdodrowe  Cowan, 
Cathedral-chambers,  Chester.    (Complete  specification.) 


20128.  Improvements  In  galvanle  hatterles.    Clarence  Edward 

Dutton,  jun.,  2,024,  R  St.,   Washington,  United  States. 

(Complete  specification.) 
20146.  An  Improved  eleotrlo  lamp.    Gilbert   S6ott  Ram,  32, 

Oakley-square,  London. 
20169.  An  Improved  mode  of  eftoeting  eleetrtaal  dlstrilmttaL 

Albert  Harris  Howard,  6,  Bream's-buildingB,  London. 

20176.  Improvements  In  eleotrlo  meters.    Alphonse  Frager,  28, 

Southampton-buildings,  London. 
20193.  improvements  In  or  relating  to  the  eleetro-ohemleal 

eniraetlon  of  gold,   silver,  and  other  preetons  metals 

ftom  their  ores.    The    Electrical   Inventions    Company, 

Limited,  and  Emil  AndreoU,  323,  High  Holbom,  London. 

(Complete  specification.) 

Deosmber  12. 
20289.  Improvements  In  and  relating  to  the  manvflaetnre  ef 

Insulating  oomposltlons  for  eleetrloal  uses.    Tomer  D. 

Bottome,  Hoosick,  New  York,  United  States.    (Complete 

specification.) 

29294.  Improvements  In   Jimetlons   ftor  sleetrto  eond»eters. 

Malcolm    Sutherland    and   Andrew    Jackson    MoGeoch, 
Temple-chambers,  London. 

20307.  Improvements  in  eieetrieal  switehes.  Carl  Georg 
Dahlgren  and  John  Hugo  Svensson,  18,  Buckingham-street, 
Strand,  London.    (Complete  specification.) 

20321.  Improvements  In  the  lighting  of  tahles  sad  the  like  hf 
eleetrlolty.    0.  H.  Stovell,  65,  Chancery-lane,  London. 

20329.  Improvements  In  and  relating  to  traasfiarmars  for 
eleotrlo  enrrents.  Arnold  Beaumont  Woakes,  70,  Chan- 
cery-lano,  London. 

20332.  A  oomMned  arrangement  of  switehes  and  gearing  ler 
controlling  any  nnmher  of  dynamos  and  engines  from 
one  or  more  fixed  positions.  Sidney  Haigreaves  and 
Reuben  James  Bott,  38,  New  Bridge-street,  London. 

DsOElftfiSK  13. 

20360.  Improvements  In  eleotrlo  meters.  Samuel  Leith  Tomkins, 
of  the  Electric  Metor  Company,  Limited,  25,  College-hill, 
London. 

20372.  Improvements  In   eleotrloal  switehes.    Charles   Henry 

Cathcart,  57b,  Hatton-garden,  London. 
20379.  Improved  nndergronnd  eleotrlo   oondnlt.      John    Pitt 

Bayly,   18,  Fulham-plaoe,   Paddington,  London.     (Charlei 

Edward  Loth,  United  States.) 
20401.  Improvements  In  the  eleotrolysls  of  ohlorlde  and  other 

solntlons.     Emil  Andreoli,  323,  High  Holbom,   London. 

(Complete  specification.) 


SPECIPICATIQNS  PUBLISHED. 

1880. 

315.  Generating,  eto.,  eleetrlolty.  Lake  (Houston  and  Thomson). 
(Second  edition.)    Is.  5d. 

1889. 

19079.  Xleetrloal  ont-onts.    Bryan,    fid. 

19813.  Heating,  eto.,   metals  by  the  appUsatlon   of  eleotrlo 
enrrents.    Wemdley  and  Foster,    lid. 

20082.  BlgnalUng  amnerals,  eto.,  by  sleetrto  light.    Tumbull 

4d. 
20582.  Beetrte  meters,  eto.    Einstein  and  Komprobst.    8d. 

20646.  Printing  telegraphto  apparatus.    Cassagnes.     Is.  Id. 

20198.  Dirnamo-eleotrlo  maehlnes.     Thompson  (Stanley).    8d. 

1890. 

42.  BeetHe  eables.    Smith.    6d. 

615.  Beetrle  switehss,  ete.    Evered  and  Rndling.    8d. 

1658.  Beotrlolty  meters.    Elieson.    8d. 

3335.  Inoandeseent  eleetrle  lamps.    Schimer.    6d. 

8427.  Xleetno  aro  lighting.    Apps.    6d. 

11240.  Bleetrlo  are  lamps.    Johnson  (Bardou).    8d. 

13190.  Bleetromagaets,  ete.    Kennedy.    8d« 

13549.  Converters  of  alternating  enrrents.     Kennedy. 

14232.  Dynamo-eieetrle  maohtnes.    Kennedy.    6d. 

Are  eleotrlo  lamps.    Gwynne.    8d. 

Working  metals  by  eleetrlelty.    Burton,     lid. 

Seoondary  batteries.    Kennedy  and  Groswith.    8d. 


fid. 


16518. 
16522. 
16571. 


COMPANIES'  STOCK  AND  SHARE  LIST. 
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NOTES. 


Royal  Naval  BzUbition.— The  exhibition  will  be 
lighted  by  1,700  incandeseents  and  400  arcs. 

Ihirham  CathodraL— It  is  stated  that  the  Dean  and 
Chapter  are  thinking  of  lighting  the  cathedral  electrically, 
obtaining  their  motive  power  from  the  river. 

Eleotrio  Chimes. — ^Dr.  Alva  Owens,  of  Chicago,  has 
recently  constructed  a  set  of  bells  or  chimes,  to  be  played 
electrically  by  means  of  a  keyboard,  for  advertising 
purposes. 

mil  UflTlitlnfir.— Messrs.  Ernest  Scott  and  Co.,  New- 
castle-on-Tyne,  are  lighting  the  Dunston  Flour  Mills,  which 
are  of  enormous  size,  and  have  been  built  by  the  Co-opera- 
tive Wholesale  Society. 

TetograiHi  CkmgNBB.— The  International  Postal 
and  Telegraphic  Congress  will  meet  at*  Vienna  on  May 
20, 1891,  under  the  presidency  of  the  Marquis  Bacquehem, 
the  Austrian  Minister  of  Commerce. 

Paris  Telephone. — ^The  central  office  of  the  Paris  and 
London  telephone  service  will  be  at  the  General  Post 
Office,  with  branch  wires  to  different  parts.  The  Stock 
Exchange  will  have  a  special  branch. 

New  Steamers  for  Bremen. — ^The  Neptune  Steam 
Navigation  Company  of  Bremen  will  establish  a  new  line 
of  steamers  next  spring  between  Stettin  and  Cologne,  and 
three  new  steamers  are  being  built  These  will  be  lighted 
electrically. 

Pforiheim. — ^The  town  of  Pforzheim  in  Baden,  which 
has  its  own  gas  works,  is  in  negotiation  with  Messrs. 
Schuckert  and  Co.,  of  Nuremberg,  for  the  establishment  of  a 
central  instalUtion  for  supply  of  electricity  by  means  of 
steam  power. 

Treasure  Trove. — ^A  Bangoon  paper  writes  :  "  An 
electric  lighting  apparatus  has  been  discovered  to  be  among 
the  stores,  etc.,  of  the  Insein  workshops,  and,  from  all 
accounts,  to  have  been  lying  there  for  over  eight  years. 
The  apparatus  is  said  to  be  a  new  one,  never  having  been 
once  used.'' 

Postal  Telegraphs. — From  a  parliamentary  return 
just  issued  it  appears  that  when  the  Post  Office  took  over  the 
telegraphs  in  1869  the  first  year's  receipts  amounted  to 
£612,301.  In  1879  the  income  had  risen  to  £1,369,467, 
and  in  1886  to  £1,832,401,  while  in  1890  it  amounted  to 
£2,364,098. 

The  Telephone  in  Franoe. — ^The  charge  for  talking 
over  the  line  between  Fecamp  and  Havre,  and  Fecamp  and 
Paris  has  been  fixed  as  follows :  Fifty  centimes  (5d.)  for 
conversations  between  Fdcamp  and  Havre,  and  If.  50c. 
(Is.  3d.)  for  cenversations  between  Fecamp  and  Paris  over 
the  F6camp-Havre  and  Havre-Paris  lines. 

Mining  Iiamp. — At  the  last  meeting  of  the  North  of 
England  Institute  of  Mining  Engineers,  the  portable  miners' 
lamps  of  the  Mining  $^nd  General  Electric  Lamp  Company 
(FitzOerald's)  were  exhibited.  One  of  these  weighed 
about  31b.,  and  gave  a  light  of  one  candle  for  upwards  of  14 
hours ;  the  other  weighed  4lb.,  and  gave  a  light  of  two 
candles  for  seven  hours. 

Searborongh.  —  The  Scarborough  Local  Authority 
have  decided  to  make  application  to  the  Board  of  Trade  for 
a  provisional  order  under  the  Electric  Lighting  Acts,  1882 
and  1888,  to  repeal  the  Scarborough  Electric  Lighting 
Order,  1883,  and  to  have  conferred  upon  them  all  the 


necessary  powers  to  supply  electricity  for  all  public  and 
private  purposes  within  the  borough. 

Berwiok-on-Tweed. —  At  the  last  meeting  of  the 
Urban  Sanitary  Authority,  the  Lighting  Committee  pre- 
sented a  report  on  the  lighting  of  the  town.  The  question 
was  again  referred  to  the  committee  with  instructions  to 
consider  the  advisability  of  lighting  the  town  electrically. 
The  Authority  are  paying  48.  6d.  per  1,000ft.,  less  6  per 
cent  discount,  which  they  consider  far  too  much. 

More  Light  for  Cairo. — ^An  Egyptian  paper  announces 
that  the  Governor  of  Cairo,  Osman  Bey  Fehmy,  is  prepar- 
ing a  scheme  for  the  regulation  of  the  lighting  of  the  side- 
walks of  that  city.  He  will  reserve  a  sum  of  £10,000  to 
£15,000  for  the  lighting  of  those  quarters  of  the  town  now 
deficient  in  light.  This  scheme  will  be  submitted  for  the 
approbation  of  the  Minister  of  the  Interior.  Electrical 
engineers  would  do  well  to  see  that  the  lighting  is  provided 
by  electricity. 

Fire  at  Telegraph  Stores. — ^Between  five  and  six 
o'clock  on  Friday  morning  a  fire  occurred  at  the  Postal 
Telegraph  Stores,  Gloucester-road,  Regent's  Park.  The 
ongin  of  the  outbreak  is  set  down  as  "  heat  from  gas  light." 
The  official  report  of  the  damage  is  as  follows :  ''  A  back 
building  of  two  floors,  about  120ft.  by  20ft,  used  as  work- 
shops and  stores,  about  30ft.  by  20ft.  and  contents  severely 
damaged  by  fire;  rest  of  ditto  and  contents  slightly  by 
smoke  and  water." 

Birmingham  Centrsd  Tramways. — ^A  correspon- 
dent writes :  **  With  reference  to  a  recent  paragraph,  re- 
ferring to  the  accumulator  cars  on  the  above  line,  it  is 
necessary  to  remark  that  a  good  deal  of  the  excessive 
power  expended  on  the  working  of  this  line  has  been  found 
due  to  that  portion  of  the  tramways  which  was  laid  in  wood 
by  the  Corporation  of  Birmingham  having  got  out  of 
gauge ;  this  is  now  being  put  right,  so  that  in  future  better 
results  are  expected." 

British  AsBOoiation,  Leeds  Meeting. — ^The  local 
finance  committee  have  presented  their  balance-sheet,  which 
shows  a  total  expenditure  of  £1,577  4s.  8d.,  a  sum  con- 
siderably smaller  than  was  anticipated.  The  guarantee 
fund  amounted  to  over  £6,000,  of  which  half  was  called  up. 
Of  this  called-up  half,  57  per  cent,  will  now  be  returned  to 
the  guarantors,  so  that  the  expenses  of  the  meeting  have 
amounted  to  only  21}  per  cent  of  the  guarantee  fund, 
instead  of  50  per  cent,  as  expected. 

Baonp. — At  the  last  meeting  of  the  Council  a  letter  was 
read  from  the  Board  of  Trade  calling  attention  to  the  pro- 
visions of  section  10,  sub-section  1,  of  the  Electric  Lighting 
Order,  1890,  and  requesting  that  the  Board  should  be 
informed  what  system  of  electric  supply  the  Corporation 
proposed  to  adopt,  and  stating  that  it  was  necessary  to 
obtain  the  approval  of  the  Board  before  the  work  was  com- 
menced. The  town  clerk  said  they  were  not  in  a  position 
as  yet  to  give  the  required  information. 

South  London  Railway. — ^The  heavy  snow  in 
London  during  the  last  week  has  sorely  tried  the  omnibus 
and  tramcar  horses,  who  were  slipping  about  in  all  direc- 
tions. It  has  been  prosperous  times  for  the  South  of 
London  Electric  Railway,  which,  starting  just  as  the  snow 
came  on,  has  received  much  of  the  patronage  that  other- 
wise would  have  gone  to  the  buses.  The  dangerous  state 
of  the  roads,  moreover,  has  induced  the  bus  conductors  to 
put  up  the  prices  to  sixpence,  and  the  invariable  price  of 
twopence  at  the  electric  railway  turnstile  is  therefore  a 
still  further  inducement  to  the  public. 
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Crystal  Palace  ■ugiBeerinff  School.— Major 
Marindin  distributed  certificates  to  the  successful  students 
of  the  Crystal  Palace  School  of  Practical  Engineering  on 
Saturday.  The  chief  honour  was  awarded  to  Mr.  W.  G. 
Wales,  who  received  a  bronze  medal  for  haying,  during  his 
course  through  the  school,  obtained  the  necessary  nine 
certificates,  none  of  which  were  below  third  in  order  of 
merit.  Only  eight  of  these  honours  have  been  awarded  in 
the  eighteen  years  of  the  school's  existence.  In  the  elec- 
trical section  C.  B.  Clay  was  firsts  and  E.  S.  Eccles  second. 

VlemuiFBiidapost     Klcctrlc     Railway. — It     is 

announced,  says  a  Times  telegram,  that  a  company  is  about 
to  be  started,  with  a  capital  of  38,000,000fl.,  for  construct- 
ing an  electrical  railway  between  Vienna  and  Budapest 
The  distance  of  250  kilometres  would  be  accomplished  in 
two  hours  and  a  half  by  trains  comprising  only  first-class 
carriages.  The  price  of  the  return  ticket  is  to  be  9fl.  80kr., 
about  18s.  As  it  now  takes  four  hours  and  a  half  to  travel 
between  the  Austrian  and  the  Hungarian  capitals  in  an 
express  train,  the  saving  of  time  promised  by  the  new  com- 
pany is  a  boon  that  will  seem  to  many  more  tantalising 
than  attainable 

IncandoBOcnts. — ^An  American  contemporary  goes  in 
for  the  following  statistics :  In  each  16-c.p.  lamp  there  are 
from  four  to  eight  grains  of  platinum,  assuming  an  average 
of  six  grains  per  lamp,  then  an  ounce  will  be  sufficient  for 
80  lamps.  Estimating  the  demand  for  16-c.p.  lamps  for  the 
year  1891,  based  upon  reliable  data,  10  million  16-c.p. 
lamps,  or  their  equivalent,  would  not  be  in  excess  of  the 
amount,  which  would  give  a  demand  for  125,000  ounces  of 
platinum,  which  at  present  price  (14dols.  to  16dols.  per 
ounce)  would  amount  to  about  2,000,000dols.  The 
probable  income  from  these  lamps  will  not  amount  to  more 
than  6,000,000dols.,  while  the  cost  of  one  item  alone  is  one- 
third  the  total  income. 

BnuNBclfl. — ^It  appears,  from  a  paragraph  in  a  Brussels 
paper,  that  the  long-delayed  award  of  the  concession  for 
the  electric  lighting  of  Brussels  is,  after  all,  not  to  be 
awarded.  The  town  will  reserve  to  itself  the  right 
of  supplying  electric  light.  It  will  be  remembered  that 
the  last  scale  of  charges,  which  we  gave  in  full  at  the  time, 
specified  very  fully  the  conditions  for  a  concession  of  25 
years,  and  even  fixed  the  price  at  which  the  current  was  to 
be  supplied.  All  that  was  to  be  given  by  persons  tendering 
was  the  conditions  under  which  the  town  might  take  over 
the  concession  and  the  installation  in  working  order. 
After  a  fresh  examination,  the  conditions  tendered  have 
been  adjudged  too  onerous,  and  the  resolution  has  been 
taken  not  to  award  the  concession  outside  their  own 
authority. 

Doctro-dynamlc  Actloii  of  Snn   on    Earth* — 

M.  Zenger  imitates  this  by  the  action  of  the  dischargers 
of  a  Wimshurst  machine  on  a  hollow  glass  sphere.  This 
sphere,  the  interior  of  which  is  silvered,  is  tapered  like  a 
lamp^  and  in  the  conical  cavity  thus  obtained  the  end  of  a 
steel  or  iron  axis  is  placed.  This  axis  is  fixed  in  a  support, 
and  the  sphere  is  placed  between  the  dischargers  of  the 
machine  in  such  a  way  that  the  line  joining  the  centres  of 
the  knobs  does  not  pass  through  the  centre  of  the  sphere. 
When  the  handle  is  turned  the  sphere  also  begins  to  rotate, 
and,  indeed,  obeys  the  hand  of  the  turner.  The  knobs 
should  be  placed  at  several  centimetres  from  the  suriace  of 
the  sphere  to  avoid  sparks.  This  experiment,  says  M. 
Zenger,  confirms  his  views  of  the  origin  of  the  planetary 
movements. 


Roacn. — ^The  central  station  here  supplies  (according 
to  a  French  contemporary),  about  2,500  incandeacents  of 
16  c.p.  distributed  among  shops  and  business  houses,  and 
also  in  Bouen  Cathedral.  The  station  is  situated  in  the 
Bue  du  Petit-salut.  The  machinery  includes  three  70-h.p. 
boilers,  four  Armington  engines  running  at  300  revolutions 
per  minute,  and  four  Edison  dynamos  giving  120  volts  and 
300  amperes.  The  current  is  supplied  by  contract  and  the 
lamps  are  lighted  and  extinguished  at  different  hours. 
Bare  copper  wire  is  used  in  the  streets  and  the  lines  are 
run  overhead.  Gferard  lamps  are  favoured.  The  writer 
does  not  seem  to  be  much  impressed  with  the  installation 
as  at  present  existing,  but  says  it  is  in  process  of  conversion. 
The  electric  light,  however,  has  every  chance,  for  Bouen 
gas  ^'  leaves  much  to  be  desired." 

Electrical  Standards  Committee. — ^The  President 
of  the  Board  of  Trade  has  appointed  a  committee  eonsisting 
of  the  following  gentlemen — ^viz.:  Lord  Bayleigh,  F.RS., 
and  Sir  William  Thomson,  F.RS.,  representing  the  Boyal 
Society ;  Prof.  G.  Carey  Foster,  F.R.S.,  and  E.  T.  Glase- 
brook,  Esq.,  F.B.S.,  representing  the  British  Association 
for  the  Advancement  of  Science ;  Dr.  J.  Hopkinson,  F.B.S., 
and  Prof.  W.  E.  Ayrton,  F.R.S.,  representing  the  Institu- 
tion of  Electrical  Engineers ;  K  Graves,  Esq.,  and  W.  H. 
Preece,  Esq.,  F.B.S.,  representing  the  (xeneral  Post  Office 
Oourtenay  Boyle,  Esq.,  G.B.,  and  Major  P.  Gaidew,  RE, 
representing  the  Board  of  Trade — to  consider  whether  any, 
and  if  so,  what  steps  should  be  taken  for  the  provision  of 
electrical  standards.  The  first  meeting  of  the  committee 
will  be  held  at  the  Board  of  Trade,  on  Thursday,  Jan.  15. 
Sir  Thomas  Blomefield,  of  the  Board  of  Trade,  will  act  as 
secretary  to  the  committee. 

Undergronnd  Telegraiih  Wires  in  GermAiiy^— 

The  underground  telegraph  network  of  the  German  Empire 
now  reaches  a  length  of  6,000  kilometres  (say  3,700  miles). 
The  expenditure  reaches  a  total  of  42  million  marks  (say 
four  million  sterling),  and  comprises  the  following  lines : 
Berlin-Kiel,  by  Hamburg ;  Hamburg-Ouxhaven,  by  Har- 
burg ;  Harburg-Grietsiel,  by  Bremen,  Oldenburg,  Emden 
(Grietsiel  being  the  point  of  departure  of  the  German* 
American  cables) ;  Bremen,  Bremerhaven  ;  Oldenburg, 
Wilhelmshafen  ;  Berlin- Metz,  by  Magdeburg,  Hanover, 
Wesel,  Cologne,  Ooblence,  Thionville,  with  branches  to 
Barmen,  Aix-la-Ohapelle,  and  Frankfort-on-Main ;  Berlin- 
Metz  (second  line),  by  Halle,  Cassel  Frankfort,  Strasburg, 
Sarreguemines,  EUle-Leipzig ;  Strasbui^-Baden,  by 
Neufbrisach ;  Berlin-Dirchau,  Miincheberg,  Posen,  Thorn, 
Guandenz ;  Berlin-Eyldkunen,  by  Stettin,  Colbeig,  Stolpe, 
Danzig,  and  Dirchau ;  Berlin-Breslau,  and  the  Austro- 
Russian  frontier,  by  Miincheberg  and  Glogau;  Berlin- 
Dresden,  by  Gottbus;  Stuttgart,  Carlsruhe;  Munich-Hof; 
Hof -Dresden.  In  all  16  lines,  of  which  the  last  two  are  in 
process  of  construction. 

Indiambber. — ^At  the  last  meeting  of  the  Manchester 
Philosophical  Society,  Mr.  Fred  Lewis  read  a  paper  on 
*'  The  Action  of  Various  Compounds  and  Metals  on  India- 
rubber."  Experiments  carried  out  have  shown  that  pure 
metallic  copper  has  the  greatest  influence  in  destroying  the 
elasticity  of  this  substance;  and,  in  the  order  named, 
platinum,  aluminium,  palladium,  and  lead  have  a  similar 
influence.  Zinc,  tln»  silver,  iron,  gold,  nickel,  and  other 
metals  have  no  objectionable  influence.  A  thirtieth 
of  a  grain  of  copper  sulphate  per  square  foot 
of  thin  rubber  will  destroy  it  early.  Silver  and 
cobalt   nitrates   and    other    substances   have   a   rapidly 
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injurious  influence,  while  it  is  remarkable  that  such  highly 
oxidising  agents  as  bichromate  of  potash,  chromic  acid,  and 
peroxide  of  hydrogen  produce  no  deleterious  effect. 
Samples  of  waterproofed  cloth  from  three  different  manu- 
facturers, containing  a  small  quantity  of  copper  salt  used 
in  the  dye,  which  had  been  heated  for  13  days,  with  two 
pieces  containing  no  copper  salt,  were  exhibited.  The  last- 
named  samples,  though  two  and  fiye  years  old  respectively, 
were  perfectly  sound,  while  the  former  had  become  hard 
and  decomposed. 

Coat  of  Transonittliifir  Power.— The  following  com- 
parisons of  cost  of  transmission  of  power  by  various  methods 
appeared  in  the  Berne  UniverseUe  dee  Mines :  1.  Comparative 
cost  on  10  h.p.  transmitted  1,093  yards :  By  cables,  1*77 
effective  h.p.  per  hour ;  by  electricity,  2*21 ;  by  hydraulics, 
2*90 ;  by  compressed  air,  2*98.  2.  Comparative  cost  on  50 
h.p.  transmitted  1,093  yards  :  By  cables,  1*35  effective  h.p. 
per  hour  J  by  hydraulics,  1*87  ;  by  electricity,  207;  by 
compressed  air,  2*29.  3.  Comparative  cost  on  10  effective 
h.p.  transmitted  5,465  yards  :  By  electricity,  2*64  per 
effective  h.p.  per  hour ;  by  compressed  air,  4*66 ;  by  cables, 
4*69;  by  hydraulics,  5*29.  4.  Comparative  cost  on  50 
effective  h.p.  transmitted  5,465  yards  :  By  electricity,  2*37 
per  effective  h.p.  per  hour ;  by  cables,  2*65 ;  by  compressed 
air,  2-99;  by  hydraulics,  3*02.  Steam  was  the  prime 
mover  used  in  each  of  the  above  instances,  and  it  appears 
that  for  long  distances  electricity  takes  the  lead  in  economy 
over  all  other  systems.  It  has  also  a  great  advantage  in 
the  facility  with  which  the  power  may  be  subdivided,  and 
there  appears  to  be  no  doubt  that  in  future  mining  work 
electricity  will  be  much  used  for  coal-cutting,  tunnelling, 
hauling,  pumping,  etc.,  as  well  as  for  lighting. 

Volta  Cknnpetttion. — ^A  new  departure  in  the  way  of 
competitions  is  announced  by  the  Jaumai  de  Physique  EU- 
menkArSy  in  which  the  idea  seems  to  be  to  offer  a  prize  for 
a  new  method  or  system  of  presentation  in  teaching,  rather 
than  for  a  paper  or  essay  of  the  usual  kind.  The  first 
prize  (consisting  of  100  francs  and  two-thirds  of  the  sum 
of  the  entry  fees),  in  view__of  the  progress  of  elementary 
education,  is  to  be  awarded  for  "  ATFfrst  Elementary  Lesson 
on  the  Electric  Cell,"  leaving  on  one  side  4etaUed  descrip- 
tions of  the  various  types  of  batteries.  A  second  prize 
is  to  be  given  of  a  complete  set  of  the  Journal  and  the 
remaining  one-third  of  the  fees.  All  the  manuscripts  are  to 
be  sent  in  before  June  30,  1891,  to  M.  Abel  Buguet,  editor, 
La  i^^he  (Sarthe)  France ;  to  be  sent  in  sealed  envelopes 
bearing  motto  or  sign,  of  which  a  duplicate  is  to  be  sent  in 
a  letter  giving  name  and  address  (which  will  not  be  given 
to  anyone  unless  desired).  Five  francs  must  be  enclosed  as 
entry  fee,  the  whole  of  which  will  be  distributed  as  above. 
The  jury  will  be  appointed  by  vote  of  the  competitors,  and 
will  be  judged  without  knowledge  of  the  names.  The  two 
selected  essays  will  be  printed  in  the  Joumai  de  Physique 
Elementairef  the  names  of  the  authors  being  withheld  if 
preferred. 

Xlootrio  Ufirht  In  Durham, — We  alluded  to  the 
starting  of  an  installation  at  Messrs.  Henderson's  carpet 
factory,  Durham,  in  our  last  issue.  We  are  now  able  to 
give  some  further  details.  The  firm  have  adopted  the 
electric  light  owing  to  the  difficulty  of  "  passing  colours  " 
in  the  winter  when  there  is  so  little  daylight.  This  diffi- 
culty affected  other  parts  of  the  works,  and  led  to  loss  of 
money.  Consequently,  the  firm  have  adopted  the  only 
artificial  light  that  can  help  them  out  of  their  dilemma. 
The  installation  has  been   satisfactorily  carried  out   by 


Messrs.  Ernest  Scott  and  Co.,  of  Newcastle-on-Tyne, 
Mr.  Mountain  having  the  designing  of  the  plant,  etc. 
The  current  is  produced  by  a  ''Tjme"  dynamo,  com- 
pound wound,  capable  of  running  100  16-c.p.  incan- 
descents.  Power  is  taken  by  countershafting  from  the 
engine  driving  the  weaving-shed  machinery.  It  was 
originally  intended  to  light  the  dye-sheds  only,  but  ns  a 
test  incandescents  have  been  fitted  on  several  of  the  looms, 
and  with  excellent  results.  The  dye-sheds  are  lighted  by 
four  ''Tyne''  arcs,  and  the  result  is  all  that  could  be 
wished.  The  lamps  are  dust  and  damp  proof  and  have 
poweriul  reflectors,  and  brass  has  been  used  throughout  in 
their  construction. 

Utilisiiiff  Water  Power. — ^A  scheme  is  projected  for 
utilising  the  water  power  falling  from  Lake  Superior  to 
Lake  Huron,  the  former  being  30ft.  higher  than  the  latter. 
The  speed  developed  by  the  water  in  falling  from  one  to 
the  other  at  Saulte  St  Marie  being  estimated  by  American 
authorities  as  a  little  over  90,000  cubic  feet  per  second.  The 
scheme  for  which  a  company  has  been  organised  is  to  utilise 
this  waste  energy  by  means  of  a  sluice  five  miles  long  and 
1,000ft.  wide  on  the  American  side  and  a  tail-race  of  similar 
dimensions  on  the  Canadian  side.  Colonel  Hope,  who  has 
been  making  calculations  on  the  spot  on  behalf  of  the 
English  capitalists,  is  reported  to  have  found  the  actual 
velocity  to  be  122,000  cubic  feet  per  second,  yielding 
236,000  h.p.,  and  to  have  declared  his  willingness  to  ''back 
the  Saulte  against  Chicago,"  believing  it  will  have  a  popu- 
lation of  half  a  million  before  many  years  have  passed. 
The  company  is  to  construct  dry  docks  on  both  sides,  to  be 
filled  and  emptied  by  gravitation,  and  it  is  expected  that 
paper  mills,  pulp  mills,  flour  mills,  and  gold  ore-crushing 
apparatus  will  speedily  make  their  appearance.  One  result 
of  the  works  will  be  the  raising  of  Lake  Superior's  level  by 
about  3in.  Altogether,  the  Niagara  Commission  will  have 
to  take  a  back  seat  if  this  scheme  gets  from  paper  to 
practice. 

Deoreasing  Cost   of    IneandeBoent    Lamps. — 

Incandescent  electric  lamps  are  lessening  in  cost  of  manu- 
facture while,  at  the  same  time,  says  the  Sdentific  American^ 
increasing  in  efficiency — ^that  is  to  say,  in  length  of  life. 
This,  too,  in  the  face  of  a  largely-advanced  price  for 
platinum,  of  which  the  wires  connecting  the  outside  circuit 
with  the  carbon  loop  within  the  globe  are  made.  This 
metal,  so  important  in  electrical  manufacture,  has,  indeed, 
almost  trebled  in  price  since  the  earlier  lamps  were 
fashioned,  and  still  has  an  upward  tendency,  the  supply 
being  inadequate  to  the  demand,  and  its  scarcity  forcing 
the  substitution  of  other  and  less  recommended  metals  in 
some  departments  of  electrical  manufacture.  As  to  the 
little  incandescent  lamps ;  they  must  have  it^  its  increased 
cost  not  proving  so  important  as  was  feared,  because  of  the 
disfTovery  of  more  economical  processes  in  the  making  of 
other  parts  of  the  lamp.  Now,  with  improvements  in 
exhausting  apparatus,  it  costs  but  a  tithe  of  the  old  figure 
to  produce  a  more  perfect  vacuum;  the  sealing  of  the 
platinum  wires  is  done  by  machinery  and,  as  a  result^  a  far 
more  certain  and  long-lived  lamp  than  that  which  once  cost 
Idol,  may  be  had  for  considerably  less  than  half  of  it,  and 
even  then  leave  a  margin  of  profit  for  its  manufacturer. 
From  another  source  we  learn  that  the  16-c.p.  lamp  is  now 
being  sold  in  America  for  45  cents. 

Croydon. — ^At  a  recent  meeting  of  the  Croydon  County 
Council,  the  General  Purposes  Committee  made  a  report  on 
Mr.  Preece's  recommendations  as  to  the  lighting  of  the 
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borough  {tnde  E,  £.,  Not.  14,  p.  433).  We  make  the 
following  extract  from  the  committee's  report:  ''The 
Council  will  see  that  under  Mr.  Preece's  estimate  the  cost 
of  underground  wires  throughout  the  borough  will  be  about 
£60,500,  as  compared  with  £53,700,  which  would  be  the 
cost  if  60  miles  of  the  wires  were  laid  underground  and  40 
miles  were  erected  overhead.  In  addition  to  this  sum  it  will, 
of  course,  be  necessary  to  provide  the  installations.  Under 
these  circumstances  the  committee  recommend  that  they  be 
authorised  to  state  in  the  apphcation  to  the  Board  of  'niude 
£150,000  (the  amount  of  Mr.  Preece's  estimate)  as  the 
amount  of  capital  which  may  be  employed.  This  amount 
would  enable  either  the  Corporation  or  a  company — if  it 
should  be  decided  to  transfer  the  powers  of  the  order  to  a 
company — ^to  lay  the  whole  of  the  mains  and  wires  under- 
ground, in  case  the  Council  should  hereafter  decide  that 
course  to  be  desirable.  In  the  course  of  the  discussion 
which  followed,  Mr.  Haggis  said  that  Mr.  Preece  had 
given  very  slender  details  of  the  calculations  upon 
which  he  based  the  estimate  that  £150,000  would  be 
sufficient  capital  for  the  undertaking.  Mr.  Preece  had 
evidently  gone  upon  the  assumption  that  the  wires 
were  to  be  partly  overhead  and  partly  underground, 
but  the  Council,  he  took  it,  had  decided  to  have  no  over- 
head wires  at  all,  therefore  they  must  add  an  extra  £7,000 
or  £8,000  at  least  He  thought,  therefore,  that  £150,000 
would  not  be  sufficient,  but  if  it  went  into  the  Bill  they 
would  be  bound  to  confine  themselves  to  that  sum.  The 
town  clerk  pointed  out  that  the  amount  would  not  be  men- 
tioned in  the  Bill,  but  only  in  the  statement  supplied  to  the 
Board  of  Trade,  as  the  Bill  was  being  promoted  by  the 
Corporation  and  not  by  a  private  company.  The  report 
was  adopted. 

Vienna. — ^The  correspondent  of  the  Sta/ndard^  telegraph- 
ing on  Friday  last,  says :  "  For  the  last  day  or  two  the 
time-honoured  Hofburg  has  been,  after  dusk,  one  great 
illumination,  the  windows  looking  over  the  Burgplatz  and 
the  Frazensplatz,  or  the  inner  square  of  the  Hofburg,  being 
a  blaze  of  light.  The  explanation  is  that  experiments  have 
been  made  with  the  electric  light,  which  is  to  be  installed 
throughout  the  palace.  For  the  present  only  52  halls, 
reception-rooms,  and  apartments  have  received  the  new 
illuminant,  but  next  spring  it  will  be  extended  to 
the  remaining  41  rooms,  which  are  now  occupied 
by  the  Emperor,  the  Empress,  and  the  Archduchess 
Stephanie,  and  are,  therefore,  not  ready  for  the  workmen. 
The  incandescent  system  is  the  only  one  adopted,  and  the 
chief  difficulty  experienced  in  fixing  it  arose  from  the  strict 
orders  against  any  alteration  of  the  character  and  outward 
appearance  of  the  handsome  candelabra,  in  embossed  gold  and 
crystal,  which  date  from  the  time  of  the  Emperor  Francis  I. 
In  the  great  Ceremoniensaal  alone  there  are  27  of  these, 
with  54  lights  apiece.  The  difficulty  was  surmountedvby 
inserting  small  white  lacquered  wooden  tubes,  resembling 
candles  at  a  distance,  into  the  old  lustres,  each  tube 
being  fitted  with  a  movable  lamp.  The  entire  in- 
stallation, when  completed,  will  consist  of  5,250  incan- 
descent lamps,  equal  to  30,000  wax  candles,  in  the 
apartments,  and  nearly  1,000  lights  in  the  entrance  halls, 
galleries,  and  staircases — or  some  7,000  lamps  in  all.  This 
will  be  the  largest  installation  in  any  one  building  in 
Europe.  The  length  of  the  wires  inside  the  building  .will 
be  15  English  miles.  The  experiments  made  last  night 
and  to-night  were  completely  successful,  and  it  was  interest- 
ing to  notice  how  well  the  magnificent  ceilings  were 
brought  out,  and  what  an  unsuspected  wealth  of  colour 


was  developed  in  the  famous  Flemish  tapestries  on  the 
walls  of  the  Privy  Council  Chamber  and  other  apartments. 
A  later  telegram  says  that  the  palace  of  the  Archduke 
Albrecht,  which  adjoins  the  Hofburg,  is  also  to  be  lighted 
electrically.  The  installation  will  comprise  1,500  incan- 
descents.  The  current  will  also  be  put  to  other  uses, 
among  other  things  it  will  be  employed  to  heat  curling- 
tongs  in  the  ladies'dressing-rooms. 

The  Hagen  Secondary  Battery.  —  Secondary 
battery  makers  have  two  chief  ends  in  view :  firstly,  to 
obtain  the  most  permanent  method  of  fixing  the  active 
material  to  the  plates,  and,  secondly,  to  diminish  the  dead 
weight  A  plate  which  fulfils  the  former  requirement 
would  last  a  very  long  time,  for  all  the  minor  difficulties 
which  previous  types  of  secondary  batteries  have  shown, 
such  as  buckling  of  plates,  can  be  put  right  by  mechanical 
means.  Every  loss  of  active  material  from  the  frame  means 
a  loss  of  capacity ;  if  this  loss  can  be  made  good  by  renewal 
the  same  capacity  is  obtained  for  some  time ;  indeed,  in 
special  types  it  is  said  that  the  capacity  is  greater  during 
the  first  period  of  use,  yet  this  is  attained  at  the  cost  of 
permanence  of  the  frame,  and  therefore  of  the  whole  cell ; 
or,  on  the  other  hand,  the  plates  have  not  been  fully  formed, 
and  are  completely  formed  only  at  the  purchaser's  expense; 
such  increased  capacity  is  never  to  be  regarded  as  a  struc- 
tural improvement.  The  second  aim  referred  to  above — 
namely,  the  lessening  of  dead  weight  in  the  plates — ^is  of 
special  importance  in  portable  batteries,  but  should  not  be 
attained  at  the  expense  of  the  first.  Dr.  E.  Lieg  conaidera 
that  the  Hagen  type  shows  considerable  improvement  over 
earlier  forms  of  secondary  batteries.  The  frame  for  holding 
the  active  material  may  be  made  of  any  of  the  alloys  now 
used  for  such  a  purpose,  and  consists  of  two  halves  formed 
of  ribs,  crossing  each  other  at  right  angles,  thus  leaving 
square  openings.  Each  rib  is  in  form  a  triangular  prism, 
with  the  base  outwards.  Contrary  to  the  usual  custom, 
the  halves  are  not  cast  solid  along  the  inner  angle  of 
the  ribs,  but  are  some  little  distance  apart,  and 
merely  held  together  at  the  crossing  points  of  the  ribs  by 
short  crossbars ;  the  whole  frame  is  cast  in  one  piece.  In 
this  manner  a  light  but  strong  frame  is  obtained,  which  is 
not  only  able  to  hold  a  larger  quantity  of  active  material, 
but  holds  the  same  permanently,  for  it  is  prevented  from 
falling  by  the  ribs  of  triangular  section.  The  proportion  of 
the  weight  of  the  frame  to  that  of  the  active  material  is,  in 
plates  for  stationary  work,  as  1  :  1,  but  for  special  purposes 
it  can  be  reduced  to  the  proportion  40  :  60.  The  plates  for 
stationary  work  develop,  in  an  eight-hour  discharge,  about 
4*5  ampere-hours  per  pound  weight  of  the  filled  plates,  and 
about  18*1  ampere-hours  per  pound  of  active  material.  The 
E.M.F.  of  discharge  is,  for  the  first  half  of  the  discharge, 
constant  at  1*98  to  2  volts  per  cell,  and  then  falls  gradually 
to  1*88  volts;  after  that  it  falls  so  quickly  that  the  dis- 
charge should  previously  be  stopped.  A  stationary  battery 
of  160  ampere-hour  capacity,  and  several  smaller  portable 
sets,  have^en  in  use  for  three  years ;  the  latter  were  used 
for  lightin^aggage  cars  without  springs.  In  spite  of  the 
fact  that  the  former  battery  was  frequently  uncharged  for 
a  long  time,  and  was  at  times  half  dry,  and  in  other  cases 
had  to  supply  current  up  to  100  amperes  for  soldering 
experiments,  the  plates  show  no  change,  neither  loss  of 
active  material  nor  buckling.  These  results  led  Mr.  HAgen 
to  add  to  his  lead-rolling-mills  the  manufacture  of  secondary 
batteries  of  this  type  at  Ealk,  near  Cologne. — ^From 
Ahdracts  of  foreign  papers  published  by  the  Institution  of 
Civil  Engineers. 
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THE  BICHARD  REGISTERING  METERS. 

Witfa  the  ertenaion  of  central  stationB  hu  come  the 
necessity  of  having  correct  and  continuoua  records  of  the 
output  of  these  stations  in  current  and  in  the  variations  of 


itfl  zigzag  bine  line  on  ruled  paper  in  scientific  labora- 
tories, or  in  philosophical  instrument  makera'  windowB. 
In  the  case  of  t>ie  electrical  instruments  the  aneroid 
barometer  is  replaced  by  a  coil  of  wire — thick  foi 
the  ampere-meter  and  thin  for  the  voltmeter — forming 


preMure,  both  for   the  guidance  of  the  engineers  them-  1  a  two-pole  magnet,  in  front  of  which  is  a  double  wing- 


selves,  and  also  for  the  satisfaction  of  complaining  cus- 
tomers. The  ingenious  automatic  registering  meters  of 
MM.  Richard  Iroree,  of  Paris,  have  obtained  a  principal 
place  among  measuring  instruments  of  this  class,  and  as 


Richard  Ref^tering  Ampere-met 

shape<l    piece    of  iron,    which   is    drawn    up   or   down 


proportionately  to  the  current  passing.  This  bears  a 
long  aluminium  pointer,  which  itself  carries  a  morsel  of 
solid  aniline  iiencil,  bo  tracing  a  varying  line  on  the  paper. 


Richard  RegiBtering  Voltmeter, 
the  English  Affmciy  for  them  has  just  been  taken  by  the    The  paper  is  wrapped  in  sheetM,  one  a  day,  round  a  barrel 


Oener^  Electric  Company,  we  think  it  will  be  interesting 
to  give  illustrations  of  the  usual  forms  in  which  they  are 
made. 

The  Richard  ampere-meters  and  voltmeters  are  made 
much  in  the  same  form  as  the  well-known  registering 
barometar  made  by  the  same  firm,  and  so  often  sean  bracing 


rotated  by  clockwork,  and  the  lines  on  the  psper  are  care- 
fully ruled  for  the  hours  of  the  day,  and  curved  to  the 
radius  of  the  long  pointer.  The  vanations  of  the  pointer 
are  thus  registered  hour  by  hour,  and  the  successive  sheets 
'  laid  away,  or  pasted  or  bound  in  a  book  for  after 
The  price  of  these  instruments  is  not  excessive 
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and  is  the  same  for  all  sizes.  The  usual  voltmeter  registers 
from  90  to  130  volts,  but  these  are  also  made  up  to  500 
volts,  while  the  ammeters  are  made  in  various  sizes  up  to 
600  amperes. 

Many  of  our  electric  supplystations  are  already  employing 
them,  some  using  a  considerable  number,  a  pair  for  each 
dynamo.  Thev  are  used  in  the  Crompton  station  at  Ken- 
sington, the  Chelsea,  the  St.  James,  the  Liverpool,  and 
otl^ier  central  stations,  and  instruments  are  being  put  in  at 
the  South  London  Electric  Bailway.  They  form  a  hand- 
some-looking instrument,  standing  on  a  table  or  bracket  in 
full  view  of  the  engineers,  and  the  sheets  are  very  easy  to 
inspect  or  replace. 


NOTES    ON    THE    CHEMISTRY    OF    SECONDARY 

CELLS."" 

BT  PBOV.   W.   X.   ATBTON,  VICK-PRBSIDENT ;    G.  G.  LAMB,  B.BC.,   AND 

B.    W.   SMITH,  A8S00IATX8. 

l>iaau8Siov.— {Concluded  /rom  page  549.) 

Kr.  Blbbert,  reiernxig  to  the  later  paper,  thought  the 
authors  had  rather  exaggerated  the  effect  of  peroxide  on  the  nega- 
iire  plato  in  causing  the  volte  to  fall,  for  in  his  own  experiments 
only  a  small  quantity  was  formed.  The  simultaneous  weakening 
of  Uie  acid  round  the  plates  would  tond  to  give  a  rapid  fall  in  the 
E.M.F.,  and  the  effect  of  both  these  actions  must  be  studied  if  the 
subject  is  to  be  properly  understood. 

Dr.  X,  VnutUaiid  said  he  had  read  the  papers  with  great 
interest,  and  considered  them  most  important  contributions  on  the 
Bubieot.  In  one  place  the  authors  deplore  the  lack  of  knowledge 
of  the  chemical  actions  in  cells,  and  not  without  reason ;  he,  how- 
ever, thought  physicists  were  more  to  blame  thim  chemists,  for  the 
physical  actions  could  be  readily  determined,  whereas  the 
chemical  charges  present  formidable  difficulties.  The  substances 
used  and  produced  were  mixtures,  and  it  was  very  difficult  to 
seoarate  and  analyse  them  without  producing  decompositions.  A 
valuable  part  of  the  communications  was  that  renting  to  the 
quantity  of  PbO,  formed  and  decomposed  during  the  working  of 
cells.  On  this  point  he  thought  the  values  put  down  for  PbO, 
may  be  either  the  sesqui,  or  the  threequarters  oxide,  and,  in  fact, 
the  crux  of  the  whole  subject  lay  in  the  exact  nature  of  the  com- 
pound formed.  Dr.  Gladstone  and  himself  had  apparently  arrived 
at  different  conclusions,  but  their  differences  might  admit  of 
explanation  if  care  and  time  were  taken  in  considering  the  matter. 
Another  important  point  was  the  quantity  of  S  0,  absorbed  during 
discharge— viz.,  3*08  grammes  per  ampere  hour.  If  this  be  trans- 
lated into  hexabasic  acid,  which  he  believed  to  be  present,  it  gives 
5*71  grammes.  From  his  own  experimento  on  a  10-plate  ceU  he 
had  found  about  4*7  grammes  of  hexabasic  acid  absorbed  per 
ampere  hour  whilst  diMshargine  at  an  E.M.F.  averaging  19  voIts» 
but  when  the  cell  was  run  down  and  discharged  at  an  E.M.F. 
avera^ng  0*3  volt  he  found  the  rate  about  3*3  grammes.  He  did 
not  wish  to  put  these  numbers  in  conflict  with  those  obtained  by 
the  authors,  but  he  was  strongly  impressed  with  the  idea  that  the 
two  different  quantities,  4*7  and  3*3,  pointed  to  the  existence  of 
two  distinot  chemical  reactions,  one  resmting  in  an  E.M.F.  of  about 
2  volte  and  the  other  of  '3  volt. 

Mr.  F.  King  said  the  reeulto  of  the  teste  were  very  gratifying  to 
the  makers  of  cells.  He  commended  the  skill  and  increnuity  dis- 
played in  devising  the  automatic  apparatus,  for  the  labour  involved 
m  working  a  laboratory  day  and  night  without  such  apparatus  is 
enormous.  The  inequality  of  current  distribution  over  tne  surface 
of  the  plates  was,  he  said,  well-  known,  and  the  hanging  type  of 
cell  was  devised  to  remedy  this  defect.  The  first  form  of  this  type 
was  abandoned,  but  more  recently  they  had  made  another  form — 
one  of  which  was  exhibited  at  ike  meeting.  The  current  is  led 
into  the  positives  at  two  pointe  on  the  top  and  leaves  the  negatives 
at  the  bottom.  With  this  cell  they  had  doubled  the  normal  rate 
of  discharge  without  diminishing  the  capacity,  and  also  obtained 
a  longer  life.  Moreover,  the  loss  of  capacity  for  high  rates  of  dis- 
charge, due  to  the  shrink^e  of  the  negative  paste,  and  which  is 
so  marked  in  ordinary  types,  had  been  avoided.     The  positive 

Elates  somewhat  resemble  those  of  the  Tudor  cell,  having  deep 
orixontalgrooves  along  each  side  in  which  the  active  material  is 
placed.  The  negatives  are  made  according  to  Sellon's  invention, 
in  which  a  kind  of  double  grid  is  used,  the  parte  being  displaced 
diagonally,  so  that  each  plug  on  one  side  communicates  directly 
with  four  plugs  on  the  opposite  side,  and  through  them  with 
every  other  plug  in  that  division  of  the  plate.  Th&  construction 
causes  any  shrinkage  of  the  paste  to  bind  itself  more  firmly  on  the 
grid.  As  a  result  of  teste  on  the  new  cell,  it  has  been  found  that 
the  capacity  is  cnreater  after  500  or  600  discharges  than  at  the  begin- 
ning, whereas  tnat  of  ordinary  cells  is  considerably  reduced  by  400 
dlMnarges.  The  life  of  negative  plates,  he  believed,  was  not  well 
understood,  but  with  reference  to  positives  he  said  that  those  used 
on  tramoar8(9  plates  Sin.  by  5iin. )  had  a  useful  life  of  70,000  ampere- 
hours.  After  one  year's  use  their  capacity  is  reduced  33  per  cent. 
Speaking  of  the  resistence  of  battery  connections  he  pointed  out 
the  advisability  of  burning  the  lugs  together,  so  as  to  give  as  com- 
plete a  metallic  circuit  as  possible.  Respecting  the  parting  and 
formation  of  E.P.S.  plates,  referred  to  in  the  second  paper,  he  said 
that  the  particulars  there  given  were  totally  wrong. 

*  Paper  read  before  the  Institution  of  Electrical  Engineers. 


Mr.  SwlabonM  thought  there  had  never  been  any  solid  reason 
for  doubting  the  formation  of  normal  lead  sulphate.  The  old 
ideas  about  reduction  and  oxidation,  etc.,  had  obscured  the  subject 
until  Dr.  Gladstone  and  Mr.  Trite  brought  people  to  order  about 
eight  years  aeo.  The  difficulty  of  rMucmg  ordinary  sulphate 
electrically  had  been  given  as  a  reason  why  it  could  not  be  formed, 
but  now  its  reduction  or  non-reduction  was  known  to  be  a  mere 
question  of  making  contact  with  it.  Seven  years  ago  he  had  brought 
forward  a  theory  that  the  sulphate  is  not  a  secondary  product  at 
all,  and  that  the  output  of  a  c^  is  mainly  dependent  on  the  affinity 
of  sulphion  for  leaa.  This,  together  with  the  other  chemical 
actions,  leaves  some  E.M.F.  to  be  accounted  for  by  Peltier 
effecte,  and  these  eftecto  would  show  in  the  temperature 
coefficient.  He  was  not  aware  whether  colourmatte  date 
had  been  obtained  for  the  subsulphate  which  Dr.  Frank- 
land  supposed  to  be  present,  but  if  so,  then  by  work- 
ing backwards  evidence  for  or  against  their  existence  might 
be  procured.  The  action  of  finely  cuvided  lead  on  sulphuric  acid 
haa,  he  said,  been  known  for  years,  and  this  limited  tlie  beet 
strength  of  acid  to  about  one  in  K>ur.  As  regards  the  equilibrium 
between  the  plates  of  a  cell,  he  was  inclined  to  attribute  this  either 
to  the  absence  of  PbO.  from  the  positive,  or  of  spongv  lead  from 
the  negative,  rather  tnan  to  the  presence  of  PbO|  on  both  plateau 
He  also  thought  the  percentage  of  material  really  active  was  mudi 
less  than  that  steted  in  the  paper,  for  in  some  experimente  of  his 
own  he  had  only  found  about  8  per  cent,  usef uL  Speaking  of  Mr. 
Crompton's  colour  observation,  Mr.  Swinburne  said  tney  were  due  to 
ferric  acid  formed  by  the  action  of  PbO,  on  iron  salte  in  the  com- 
mercial <icid.  In  his  opinion  the  virtue  of  sulphate  of  soda 
had  been  greatlv  exaggerated,  and  he  believed  ite  action  to 
be  due  to  ite  enabling  bad  contact  sulphate  to  be  reached  m<»re 
easily. 

Sir  D.  Balofflona  said  he  had  noticed  colourations  in  one  or  two 
of  hii  cells,  but  had  attributed  them  to  impurities.  The  unequal 
action  on  different  plugs  had  been  to  him  a  subject  of  common 
remark,  and  he  had  token  stops  to  equalise  the  distribntion  of 
current  by  burning  on  strips  of  Imd,  with  good  resulto.  The  bending 
of  n^atives  could  be  presented  by  building  up  the  sections  rigidly. 
His  experience  with  soda  differed  from  that  of  Mr.  Swinburne,  for 
he  had  found  caustic  soda,  in  the  proportion  of  1  oz.  to  six  gallons, 
very  advantageous.  Cells  supplied  with  this  electrolyto  had  been 
left  charged  &r  six  weeks  witnout  injury,  and  had  commenced  to 
boil  freely  10  minutes  aftor  the  charging  current  was  started. 
With  ordinary  acid  two  or  three  hours'  coarging  would  be  required 
to  produce  the  same  reeulto.  In  his  opinion  makers  give  extreme 
limito  for  the  so-cidled  normal  working  rate  of  the  oells*  and  if 
these  were  divided  bv  two  or  three,  better  resulto  would  be 
obtoined,  and  would  be  cheaper  in  the  long  run.  As  regards 
efficiency  he  thought  70  per  cent,  to  be  a  very  fair  average.  The 
large  amount  of  PbO|  not  acted  on  resulted  from  the  interior  of 
the  plugs  being  as  it  were  waterproofed  by  the  sulphate  outeide. 
On  this  account  thick  plates  possessed  little  or  no  advantage. 
Increasing  the  quantity  of  electrolyte,  however,  gives  more 
capacity  up  to  a  certain  point,  but  when  the  plates  are  put  far 
apart  the  loss  of  volte  oecomes  serious.  Speaking  of  pasting 
positives  with  PbO^,  he  said  he  had  made  gooa  plates  in  this  way 
by  using  very  strong  acid  (nearly  pure)  in  xxiaking  the  paste. 

Mr.  Bernard  Drake,  whilst  adding  his  testimony  to  the  value 
of  the  papers,  thought  he  ought  to  mention  one  or  two  pointe  of 
detail  which  might  lead  to  wrong  oocdusions.    For  example,  the 
loss  of  efficiency  due  to  rest  might  lead  cliento  to  suppose  that 
their  cells  ought  to  be  used,  even  when  they  were  awayirom  homeu 
This,  he  said,  would  be  a  great  mistake,  for  the  Ices  of  capacity  is 
due  to  the  negatives,  whereas  the  repairs  were  chiefly  reetrioted  to 
the  positives,  whose  lives  are  inversely  proportional  to  the  amount 
of  use.    In  a  paper  read  before  the  British  Association  in  1886  he 
and  Mr.  Gorham  had  shown  that  the  whole  success  of  storage  cells 
depended  on  whether  the  positives  could  be  made  to  last  a  reason- 
able time,  and  to  effect  this  it  had  been  found  necessary  to  over* 
charge  them.    The  actual  plates  sent  by  Mr.  Hall  from  the  P. 
and  O.  offices  had  been  badly  sulphated  some  time  ago,  and 
were  condemned.    He,  however,  recommended  overcharging,  with 
the  result  now  known.    In  these  cells  the  density  of  acid  used  to 
be   from  1,350   to    1,400,    and   although  he  did    not  now  re- 
commend  such   a   high   specific  gravity,   yet  he  thought  the 
subject   required   more    attontion   than   it   had   received.     As 
to  the  proportions  of  the   plates,   he   said  the   negatives  wore 
intontionally  made  to  give  out  first,  so  that  the  pontives  might 
not  be  run  down,  for  a  xind  of  protecting  coating  is  formed  on  the 
positives  by  charging,  and  this  is  removed  by  discharging  them 
below  a  oertoin  point.   If  this  coating  is  continually  re-formed,  the 
plates  expand  and  buckle,  and  the  pluffs  eventually  drop  out. 
Speaking  of  the  coolinsr  action  during  aischarge,  and  also  after 
charging  has  commencea,  he  did  not  see  any  explanation  excepting 
perhaps  that  it  might  depend  on  the  same  cause  as  Uie  rue  <u 
specinc  gravity  which  occurs  aftor  a  charging  has  stopped.    This 
he  had  found  to  be  due  to  the  heavy  acid  formed  during  charging 
falling  to  the  bottom  of  the  cell,  and  aftorwvds  diffiising  in  o  the 
general  body  of  the  liquid,  thus  affecting  the  hydrometer.    In  this 
connection  ne  enquired  whether  the  tomperature  was  taken  at  the 
top  or  bottom  of  the  cells.    The  rise  of  E.M.F.  during  the  first 
part  of  a  discharge  after  rest  he  attributed  to  the  surtaoe  of  the 
negatives  being  coated  with  a  sulphato,  which  was  reduced  by  the 
discharging  current.    In  reference  to  the  shrinkage  of  negaUves 
mentioned  by  Mr.  King,  he  said  that  in  order  to  avoid  blistered 
negatives,  a  mixture  of  litharge  and  sulphato  had  been  used  for 
pasting   instead   of   litharge   only.    This   method,  iklthough   it 
presented  blistoring  necessarily,  left  the  plugs  of  a  porous  n&ure, 
and  was  liable  to  permit  shrinkage. 
The  discussion  was  then  adjoumei. 
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At  the  meeting  on  December  11,  the  discaasion  was  oontinoed. 

Mr,  S.  Joyce,  Jul,  said  he  had  gained  some  experience  with 
paeted  cella  when  discharged  at  high  rates,  and  therefore  requiring 
unequent  repairs.  After  several  repeatings  he  found  it  very  dim- 
cult  to  make  the  red  lead  paste  stick  in  the  positive  plates,  and 
then  tried  lithaige  plates  smular  to  that  used  u>r  negatives.  Cells 
so  made  had  provea  veiy  satisfactory. 

Hr.  D.  O.  ntigerald  enquired  by  what  authority,  and  for  what 
reasons,  the  authors  called  the  perozidised  plate  the  positive,  and 
the  spongy  lead  plate  the  negative  7  He  himself  had  food  reason 
for  reversing  the  designations,  and  in  this  he  was  fouowinGT  the 
oxample  of  volta  and  Berzelius.  Speaking  of  the  chemical  con- 
stitution of  the  negative  (peroKide)  plate,  he  said  it  was  genendly 
believed  that  PbOg  enters  largely  into  its  composition  ;  there  is, 
however,  reason  to  doubt  whether  any  of  this  compound  is  present, 
for  the  behaviour  of  the  active  substance  on  the  plates  is  quite 
different  from  that  of  the  pure  peroxide  of  commerce.  If  a 
plate  be  made  up  of  80  per  cent,  of  pure  peroxide,  and  20 
per  cent,  of  the  so-called  peroxide  produced  by  electrolvsis, 
the  E.M.F.  falls  when  the  electrolytic  product  is  spent,  ana  the 
subsequent  action  of  the  cell  is  unsatisfactory.  Li  his  analyses  of 
the  electrolytic  peroxide  he  had  always  found  some  percentage  of 
moisture  present,  even  after  it  had  l>een  dried  at  a  temperature 
above  21»leg.  F.  He  believes  the  chemical  changes  produced  by 
electrolysis  is  represented  by  the  equation  (PbO,)io,  (H,0)s,  PbS04 
=(HaPb,OB)B,  PbS04,  and  that  electrolytic  peroxide  Is  H^b,OB. 
As  r^gajds  the  last  kind  of  support  or  grid  for  the  spongy 
lead,  he  said  it  was  a  mistake  to  use  lead,  for  copper  is  in  many 
cases  much  better.  If  the  copper  be  left  exposed  local  action  takes 
place,  but  this  is  retarded  by  the  addition  of  any  alkaline  sulphates. 
The  beneficial  effect  of  soda  in  secondary  cells  ne  attributed  to  tiiie 
formation  of  a  double  salt  which  \h  easily  reduced.  Sulf^ate  of 
magnesium  has  an  extraordinary  influence  on  lesd  plates,  and  by 
using  a  solution  of  it  as  electrol^  he  had  got  dischargee  30  or  40 
times  neater  than  those  obtainable  from  sulphuric  acid.  The 
strength  of  acid  required  attention  when  dealing  with  heavy  dis- 
oharaes.  Recently  he  had  used  acid  havine  a  maximum  density 
1*252,  so  that  its  specific  resistance  diminisned  as  the  cell  dis- 
charged. In  this  way,  and  by  the  aid  of  copper  supports  for  the 
spongy  lead,  he  obtained  a  comparatively  steady  discharge  of  two 
amperee  per  pound  i^ross  weight  of  cell  for  two  hours.  With 
ordinary  lead  grids  this  would  have  been  impossible. 

Prof.  Perry  asked  the  distinguished  chemists  present  if  the 
double  sulphate  really  existo,  and 

Prof;  Ajrrton  enquired  whether  there  were  any  simple  teste  by 
which  such  sidphates,  if  formed,  could  be  detected. 

Dr.  Olftdstoae  said  Blr.  Hibbert  and  himself  had  concluded  that 
there  was  no  evidence  of  double  sulphate  being  formed  in  the 
action  of  secondary  ceUs.  He  beUevea  the  general  idea  as  to  the 
influence  of  sodium  sulphate,  was  tiiat  lead  sulphate  was  more 
soluble  in  the  mixture  than  in  simple  acid ;  this,  however,  was  not 
confirmed  by  experimente. 

Mr,  Grookee  (the  new  president)  said  sulphuric  acid  had  a  great 
tendency  to  form  double  salto,  and  thought  it  very  probable  that 
such  salto  would  be  formed  in  the  case  under  discussion. .  Some 
resulto  published  by  Dr.  Gore  also  point  to  the  same  conclusion. 

ProC  8.  P.  TliompeoB  was  interested  to  learn  that,  like  any 
other  battoi^,  the  greatest  action  occurs  at  the  upper  parte  of  the 

glates.  This  might  perhaps  have  been  expected,  because  of  ita 
eing  the  path  of  least  resistance,  bat  as  the  variation  of  the 
resistance  of  sulphuric  acid  with  density  is  peculiar,  and  as  the 
denser  acid  falls  to  the  bottom,  the  action  might  have  been  modi- 
fied thereby.  The  details  relating  to  the  formation  of  plates  given 
in  the  second  paper  were,  he  thought,  not  new,  and  were  practi- 
cally what  anyone  having  a  knowledge  of  the  properties  of  the 
substances  used,  and  the  reactions  which  it  was  desired  to  bring 
about,  would  have  arrived  at  theoretically.  For  example,  to  oxi- 
dise the  positives,  one  would  aim  at  producing  the  most  powerful 
oxidiser  m  the  shape  of  osone,  the  formation  of  which  is  f acilitoted 
by  strong  acid,  large  current  density,  and  low  temperature.  On 
the  other  hand,  to  reduce  the  litharge  on  the  negatives  it  was  known 
that  a  laige  current  density  mainly  produces  gas,  and  that  reduc- 
tion is  best  effected  by  small  current  density  at  a  fairly  high 
tonmrature.  Bearing  in  mind  these  opposite  conditions  one 
readilv  realises  that  the  plates  should  be  formed  separately  and 
that  the  negatives  will  require  a  much  lonser  time.  Several  years 
ago  he  tried  cells  with  electrolytes  other  than  sulphuric  acid,  and 
found  that  phosphoric  acid  was  the  only  one  which  gave  fairly 
good  resulte.  Speaking  of  parted  cells.  Dr.  Thompson  enquired 
whether  the  authors  had  noticed  that  the  oxidation  of  the  positive 
paste  begins  near  the  ffrid  and  gradually  spreads  through  tne  mass 
of  the  plugs,  and  wheuier  a  usdess  nucleus  remained  unacted  on 
n  the  centre  of  each. 

Replying  to  Prof.  Thompson,  Kr.  ■.  A  Ball  said  he  had  made 
experimente  on  the  capacitv  of  cells  with  plates  of  different  thick- 
ness, and  found  it  independent  of  the  thiclcness.  This,  he  thought, 
tended  to  confirm  Prof.  Thompson's  view  as  regard  a  useless 
nucleus.  On  the  question  of  acid  density,  he  found  that  the 
capacity  of  a  cell  was  increased  15  per  cent,  by  using  acid  of 
specific  gravity  1  *15,  instead  of  1  '20. 

Xr.  Preece  rose  to  correct  an  error  made  by  Mr.  Drake  at  the 
last  meeting,  in  steting  that  the  density  of  acid  in  the  P.  and  O. 
battery  haa  been  1  '40.  Mr.  Hall  informed  him  (the  speaker)  that 
it  had  never  exceeded  1  *22. 

Mr.  T.  Wrman  took  exception  to  the  remarks  made  by  Mr. 
E.  W.  Smith  in  his  reply  to  the  discussion  at  Edinburgh,  with 
reference  to  the  formula  he  (Mr.  Frazer)  had  given  for  the  resist- 
ance of  cells  for  different  currenta,  and  for  the  fall  of  E.M.F. 
when  the  charging^  circuit  is  interrupted.  In  spite  of  what  Mr. 
Smith  said,  he  mamtained  that  his  own  stetemento  were  correct. 


Prof.  AyrtoB,  in  replying,  said  the  authors  greatly  appreciated 
the  cordial  reception  given  to  the  papers  by  practical  engineers, 
for  one  of  the  aims  of  the  Central  Institution  was  to  train  studento 
to  do  work  and  carry  out  investigations,  the  resulte  of  which 
would  be  of  commercial  value.  Keferring  to  Dr.  Gladstone's 
criticism  about  the  ammonium  acetete  method,  he  said  that  Mr. 
Roberteon  had  used  this  method,  but  somehow  or  other  the  para- 
graph describing  it  had  not  been  printed  in  the  first  proof.  Speaking 
of  measuring  the  resistances  of  cells,  he  pointed  out  that  unless  the 
curve  connecting  time  andE.M.F.  wasdiacontinuous  at  the  instentof 
breaking  circuit,  the  method  used  should  give  correct  resulte.  So 
far  as  he  knew  there  was  no  evidence  of  any  such  discontinuity. 
Mr.  Urompton  had  said  Uie  resistance  was  practic^y  independent 
of  the  distance  of  the  plates  apart,  and  that  the  sulphating  of  the 
negatives  during  rest  aepended  graatly  on  light.  Taking  the  case 
of  resistance  first,  they  had  made  experimente  on  a  small  two-plate 
cell,  and  found  that  when  the  ordinary  method  of  testix^  was 
employed  Mr.  Grompton's  stotement  seemed  nearly  correct,  but  on 
using  the  more  sensitive  method  illustrated  in  Figs.  10  and  11  of 
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Diagram  A. 

the  Edinburgh  paper,  this  was  not  the  case.  Diagram  A  repre- 
sente  the  resulto  of  these  experimente.  To  investigate  the  efiecte 
of  light,  darkness,  and  sulphate  of  soda  on  the  liberation  of  gas 
from  idle  negatives,  they  had  experimented  on  three  similar  B.P.S. 
cells.  The  fully-charged  negatives,  designated  by  A,  B,  and  C 
respectively,  were  put  in  three  different  vessels  of  acid,  one  of 
which  contained  O'o  per  cent,  of  sodium  sulphate,  and  the  gases 
collected.  A  powerful  arc  li^t  illuminated  one  set  of  plates,  wnUst 
the  oUiers  were  kept  dark,  rlate  A,  when  illuminated,  gave  off  gas 
very  rapidly,  whilst  B  and  G,  in  the  dark,  produced  very  small  quan- 
tities, which  were  about  equaL  On  interchanjg^g  the  plates, 
however,  it  was  found  that  neither  liffht  or  sodium  sulphate  had 
any  marked  effect  on  the  rate  at  which  gas  was  given  ofi^  for 
whether  A  was  illuminated  or  kept  dark,  or  put  io  ordinary  acid 
or  in  the  sodium  sulphate  solution,  gas  was  hberated  rapidly  at 
about  the  same  rate,  whilst  B  and  C  were  equally  inactive  under 
all  conditions.  They  therefore  conclude  that  the  rate  at  which  gas 
is  liberated  depends  on  some  peculiarity  of  the  plates  themselves. 
Some  speakers,  he  said,  haa  remarked  that  many  of  the  facte 
brought  forward  in  the  papers  were  previously  known.  To  this  he 
replied  that  none  of  the  facto  given  as  new  were  known  to  the 
authors  before  they  discovered  them  experimentelly.  Manufac- 
turers might  have  been  aware  of  them,  but  if  so,  they  had  kept 
them  secret  and  never  published  them.  For  example.  Dr.  Glsd- 
stone,  one  of  the  highest  authorities  on  secondary  cells,  was  not 
aware  of  the  differences  in  the  hardness  of  the  plugs  at  different 
parte  of  the  plates  until  the  appearance  of  their  paper.  Another 
case  in  point  was  the  fact  that  iir.  Thompson  said  there  was  nothing 
new  in  tne  methods  of  forming  the  plates,  whereas  Mr.  King  appa- 
rently did  not  know  of  them.  Mr.  Swinburne  had  also  called  their 
attontion  to  a  prediction  of  thecooling  of  cells  during  discharge  made 
in  1887,  but  at  that  time  he  admitted  that  he  had  not  observed  it. 
Speaking  of  the  efficiency  of  cells,  he  said  some  people  think  the  very 
perfect  testing  apparatus  gave  the  cells  their  high  efficiency  ;  this, 
of  course,  was  not  true,  for  their  figures  merely  express  the  resulte 
obteined  when  cells  are  used  in  a  proper  manner.  Referring  to  a 
criticism  on  the  Edinbun^h  paper  which  appeared  in  one  of  the 
leading  technicsJ  papers  of  July  25,  he  said  the  writer  had  only 
partly  understooct  Uie  early  part  of  the  paper,  for  they  (the 
authors)  had  there  explained  that  one  of  the  objecte  of  the  inves- 
tigation was  to  see  what  error  could  be  made  by  neglecting  the 
previous  history  and  the  resuscitating  power  of  cells.  The  same 
writer  had  also  steted  that  the  reeulto  ox  laboratory  teste  were  not 
applicable  to  ordinary  conditions.  Here,  again,  he  had  fallen 
into  error,  for  a  secondary  cell  is  a  thing  completo  in  itself ;  and 
if  two  or  three  selected  at  random  eive  good  reeulto  under  proper 
treatment,  so  any  number  if  simi&rly  treated  will  show  equal 
efficiency] 
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PROVISIONAL  ORDERS  AND  LOCAL  AUTHORITIES, 

The  public  meeting  at  the  Town  Hall  and  the 
discnssion  at  the  Town  Council  meeting  of  Graves- 
end  show  at  once  the  weakness  and  the  strength  of 
the  more  progressive  councillors  in  relation  to  elec- 
tric lighting  matters.    For  many  a  weary  month  the 
question  of  obtaining  a  provisional  order  has  been 
before  the  Council.    Up  to  a  point  a  £Eur  amount  of 
harmony  prevailed,  but  at  the  meeting  when  it  be- 
came necessary  to  affix  the  seal  of  the  Council,  and 
pay  certain  moneys  to  the  Board  of  Trade,  several  of 
the  supporters  of  electric  lighting  being  absent,  a 
vote  was  taken  which  stopped  farther  progress,  the 
opposition  voting  against  the  proposal  being  greater 
than  its  supporters  by  eleven  to  eight.    Upon  this 
adverse  vote,  a  pubhc  meeting  of  the  ratepayers  was 
called,  and  this  meeting  supported  the  obtaining  a 
provisional  order.      Subsequently,  an  attempt  was 
made  to  rescind  the  vote  of  the  Council,  but  this  was 
vetoed  by  eleven  to  nine,  so,  for  the  moment,  the 
Local  Authority  will  not  proceed  with  an  order,  ^e 
are  not  so  much  interested  in  the  position  of  afiEedrs 
at  Gravesend  as  in  the  arguments  brought  forward 
to  support  and  to  oppose  action.    Taking  the  latter 
first,  we  have  the  old  cry  :  *'  A  visit  to  the  Patent 
Office  would  show  anyone  that  constant  alterations 
and  improvements  in  electric  light  were  taking  place — 
hence,  Gravesend  should  wait  until  the  system  be- 
came more  perfected  and  more  within  the  range  of 
the  general  purse."    A  more  inane  argument  it  is 
difficult  to  conceive— in  &ct,  this  argument  seems 
to  be    the    apotheosis     of     ignorance.      Is   there 
one    single   industry    so    perfect,    that    improve- 
ments    are     not     being     constantly   made    and 
patents    taken    out?      Are    iron     manufacturers 
to  stop  business  because  improvements  are  being 
made  in  iron  manu&cture?     Are  cotton,  woollen, 
and  silk  mills  to  stop  spinning  because  patents  are 
being  taken  out  to  improve  the  machinery  ?    If  we 
are  to  wait  for  the  last  improvement  and  stand  "  as 
you  were"  till  perfection   is  reached,  progress    is 
impossible  till   humanity  becomes  infinitely  wise. 
There  are  no  words  of    condemnation  too  strong 
against  the  ignoramuses  who  use  such  arguments. 
Their  plea  is  absurd.    Did  we  wait  for  the  modem 
locomotive    before    constructing   raUroads,  or    the 
modern  triple  expansion  engine  before  constructing 
steamships  ?    No  !    Men  then  took,  as  sensible  men 
now  take,  whatever  is  a  step  onward,  Sknd  do  not 
wait  for  the  steps  to  become  a  precipice.    We  now 
come  to  the  supporters  of  progress,  and  in  this 
instance  they  learned  their    lessons    badly.     The 
principal  speaker  stated  that  the  Swan  and  Edison 
Electric  Company  were  prepared  "  to  build  an  engine- 
house  and  offices,  erect  engines  and  motors,  con- 
struct and  fix  overhead  wires,  and  provide   1,000 
lamps  for  £2,100."     The  hearers  evidently  under- 
stood the  speaker  to  mean  that  the  total  cost  out 
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aiid  out  of  an  installation  of  1,000  lamps  would  only 
be  £2,100,  an  amount  which  is  to  the  technical 
reader  so  utterly  inadequate  that  no  hesitation  can 
arise  in  dismissing  it  as  a  mistake.  How  and  where 
the  mistake  arises  are  questions  the  speeches  do  not 
provide  us  with  an  answer. 

At  Gravesend,  then,  we  see  supporters  badly  in- 
formed, and  making  statements  that  it  will  be  diffi- 
cult to  counteract.  The  future  promoter  will  be  met 
with  these  statements,  and  if  in  1891  he  says  the 
price  is  impossible,  he  will  be  told  it  was  possible  in 
1890,  and  ought  to  be  possible  in  1891. 

It  seems  to  us  an  absolute  necessity  that  the  Edison- 
Swan  Company  at  once  give  the  statement  a  direct 
and  unmistakable  denial,  pointing  out,  if  possible, 
where  the  error  has  arisen,  but  if  this  is  impossible 
they  must  rest  satisfied  with  a  simple  contradiction. 
The  ordinary  mind  is  filled  with  mistaken  notions 
relating  to  electrical  matters.  Technical  papers  can 
do  little  to  eradicate  the  evil,  because  they  are  few 
among  the  many.  Any  absurd  statement  about 
electrical  matters  seems  to  command  a  space  in  the 
local  and  general  papers,  and  once  the  error  is 
started  on  its  way  there  is  no  possibility  of  over- 
taking it. 

MR.  CHAMBERLAIN  v.  MR.  COURTENAT. 

The  letters  which  have  appeared  in  the  Times,  and 
which  we  have  reprinted  in  our  columns,  on  the 
subject  of  "  voltage,"  are  most  important.    Some 
time  since,  when  asked  to  advise  a  consulting  elec- 
trical engineer   (who  was  preparing  a  report  and 
specification  for  lighting  of  a  large  town)  as  to  the 
percentage  to  be  allowed  on  either  side  of  the  normal 
100  volts  of  pressure,  we  pointed  out  that,  for  reasons 
well  known  to  electrical  engineers,  the  fluctuation 
should  be  as  small  as  possible.    It  is  agreed  on  all 
sides  that  the  amount  of  light  is  due  to  the  energy 
expended  after  a  certain  temperature  is  reached  by 
the  incandescent  material.    A  very  large  percentage 
of  the  total  voltage  is  used  in  bringing  the  filament 
from  the  ordinary  surrounding  temperature  to  that 
of  red  heat ;  the  remaining  voltage  used  raises  it 
from  red  heat  to  white  heat.    If,  no^,  the  tempera- 
ture at  which  a  lamp  wiU  give  the  normal  candle- 
power  requires  a  pressure  of  100  volts,  it  is  very  sure 
that  a  diminution  of  pressure  of  four  volts  will  cause 
a  much  larger  diminution  of  light  than  the  ratio  of 
four   to    100 — ^that   is,    the   candle-power  will  be 
diminished  much  more  than  1-26.    Were  this  not 
the  case,  the  light,  by  a  drop  of  voltage  from  100  to 
96  volts,  would  be  reduced  to  15*36  candles,  instead 
of  the  normal  16.    Photometricians — even  allowing 
that  their  art  is  still  defective — will  be  able  to  prove 
that  a  drop  from  100  volts  to  96  volts  in  a  lamp  con- 
structed for  100  volts  will  diminish  the  candle-power 
more  than  '64  of  a  candle.    The  legal  question  may 
allow  a  drop  of  four  volts,  but  if  this  practice  is 


generally  followed  good-bye  to  success.  'A  red-hot 
filament  is  not  what  users  want  or  expect,  and  it  is 
not  what  they  should  have.  The  remedy  is  simple : 
if  96  volts  is  to  be  the  recognised  limit  use  96-voIt 
lamps  and  not  100-volt  lamps. 


STREET  LIGHTING. 

The  report  given  in  our  last  issue  of  Mr.  I.  A. 
Timmis  to  the  Dover  Corporation  raises  the  impor- 
tant question  of  arc  versus  incandescent  lamps  for 
lighting  streets  and  large  open  spaces;  Opinions 
seemed  to  be  so  generally  favourable  to  arc  lighting, 
both  on  account  of  cost  and  intensity  of  light,  that 
a  dififerent  opinion  at  this  stage  is  noteworthy.  It 
is  a  singular  fact,  but  one  which  claims  attention, 
that  whenever  incandescents  have  been  used  for 
street  lighting  the  troubles  have  been  more  and  the 
disputes  more  violent  than  when  arc  lighting  has 
been  used.  Further,  there  have  been  few  changes 
from  arc  to  incandescent,  but  many  from  incandes- 
cent to  arc.  It  seems,  then,  that  the  suggestion  to  use 
incandescents  is  somewhat  unorthodox,  and,  if  pre- 
cedents £u:e  of  any  use  as  guides,  likely  to  lead  to 
failure.  From  our  knowledge  of  Dover  and  Dover 
Harbour  we  incline  to  the  opinion  that  arc  lamps 
are  pre-eminently  necessary,  that  too  much  light  can 
hardly  be  given,  and  that  incandescents  will  lead  to 
an  endless  number  of  difficulties.  The  introduc- 
tion of  electric  light  is  supposed  to  mean  the  intro« 
duction  of  more  light,  but  incandescents  of  16 
c.p.  nominal  and  here  and  there  a  200  c.p.  nominal, 
most  at  double  the  distance  of  existing  gas  lamps, 
looks  like  retrogression  rather  than  progression. 
Perhaps  a  better  scheme  of  distribution  may  give 
more  light,  but,  upon  the  &ce  of  it,  this  seems 
almost  impossible. 


ELECTRICITY  AS  A  MOTIVE  POWER. 

In  a  prize  essay  on  "  The  Best  Means  of  Promoting 
the  Industries  of  Wales,"  by  Mr.  J.  E.  Thomas, 
mention  is  made  of  the  use  of  electricity  as  a  motive 
power.  We  may  not  agree  with  the  whole  of  Mr. 
Thomas's  conclusions,  but  he  gives  valuable  infor- 
mation as  regards  the  possibility  of  applying  the 
waste  water  power  near  Wrexham  to  the  purposes 
of  electricity.  The  drainage  area  is  principally  the 
Minera  and  Bwlchgwyn  hills.  There  is  a  fair  amount 
of  water  and  plenty  of  head,  and  this  can  be  utilised 
without  any  interference  with  mill  or  water  rights. 
The  author  of  the  essay  suggests  that  a  powerful 
water-wheel  placed  in  the  Nant  dingle  would  supply 
at  all  times  a  sufficient  power  to  enable  the  town  of 
Wrexham  to  be  lighted  electrically,  also  for  the 
various  industrial  operations  established  in  the  town. 
The  neighbourhood  of  the  Nant  valley  just  below 
the  Wem  is  about  500ft.  above  sea  level,  while  the 
site  of  the  Wrexham  Town  Hall  is  about  270ft.  above 
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sea  level,  so  that  on  either  side  power  is  running  to 
waste.  As  the  author  states,  living  upon  a  coalfield 
renders  coal  comparatively  cheap,  hut  in  this  case, 
when  coal  exhaustion  takes  place,  there  will  be  a 
seeking  for  some  other  source  of  power.  There  are, 
however,  many  places  not  situated  on  or  near  a 
coalfield  where  power  may  be  similarly  running  to 
waste,  and  it  behoves  the  inhabitants  of  such  places 
to  consider  the  advantages  electricity  offers  in  dis- 
tributing power.  Towns  once  prosperous  have 
decayed,  hamlets  once  rural  are  centres  of  a  teeming 
population.  Natural  conditions  have  acted  in  work- 
ing these  changes,  and  no  doubt  the  possession  of 
waste  water  power  will  enable  many  a  pretty  village 
to  become  the  centre  of  industrial  operations  hitherto 
undreamt  of.  Some  of  our  pushing  supply  firms 
might  do  worse  than  examine  the  natural  features 
of  the  country  and  endeavour  to  promote  the  utilisa- 
tion of  waste  water  power. 


CORRESPONDENCE. 


WINTER  LIGHTNING. 
To  THE  Editor  of  the  Electrical  Engineer. 

Sir, — I  see  in  the  Electrical  Engineer  of  December  19 
that  the  flash  seen  at  Sutton  on  Sunday  evening,  the  14th 
inst.,  was  "  caused  by  the  fall  of  an  exceedingly  bright 
meteor." 

Would  this  account  for  the  fact  that  in  Gloucester  I  saw 
two  distinct  flashes  with  an  interval  between  them  of  at 
least  six  minutes  ?  These  flashes  were  intensely  white,  and 
of  scarcely  a  moment's  duration ;  if  caused  by  a  meteor 
fall  would  they  not  have  lasted  a  few  seconds  7 — Yours, 
etc.,  G.  £.  Venning  Thomas. 

Gloucester,  Dec.  20,  1890. 

[Note. — We  are  always  glad  to  insert  letters  from  corre- 
spondents, but  our  pleasure  is  not  without  alloy  when  they 
write  on  both  sides  of  the  paper. — Ed.  E.  E.] 


ELECTRIC  LIGHTING  IN  LONDON. 

The  following  additional  correspondence  on  this  subject 
has  appeared  in  the  Timei. 

Sir, — I  have  seen  with  some  astonishment  the  chairman's 
letter  in  your  issue  of  to-day's  date.  He  suppresses  para- 
graphs in  my  question  to  the  Board  of  Trade  which  affect 
the  company's  good  faith.    These  are  : 

"  Whether  the  Board  of  Trade  have  allowed  this  company 
a  margin  of  four  volts  either  way,  and  that  the  latter  have 
taken  advantage  of  this  concession  to  give  an  average  during 
lighting  hours  of  97  volts  instead  of  the  100  to  which 
consumers  are  entitled.  Whether  complaints  of  this 
default  were  made  to  the  Board  12  months  ago,  and  assur- 
ances then  made  by  the  company  of  immediate  amend- 
ment." 

And  it  was  on  these  that  followed  the  paragraph  he 
quotes — viz.:  "  Whether  he  will  take  steps  to  compel  this 
company  to  keep  faith  with  the  public,  or  to  forfeit  their 
concession."  The  chairman  says:  1.  ''The  Chelsea  Com- 
pany has  not  failed  to  keep  faith  with  the  public."  This  is 
quite  incorrect.  The  company  undertake  to  give  their 
consumers  100  volts,  and  they  have  egregiously  failed  to 
do  so ;  the  average  during  lighting  hours  being  from  96  to 
98,  and  going  down  during  the  recent  fog  to  below  88 ; 
while  on  Saturday  morning  they  broke  down  entirely,  and 
for  eight  hours  there  was  no  current  available  whatever. 
To^y  also  from  an  early  hour  all  supply  has  been  cut  off*. 

2.  Mr.  Courtenay  says :  "  The  pressure  for  this  year  has 
averaged  over  100  volts,    .    .    •    •    but  the  regulations 


.     .     .    .    allow  a  variation  of  4  per  cent 

which  of  necessity  takes  place,  and  which  is  imperceptible 
to  the  consumer  without  the  use  of  delicate  instrumente." 

This  is  an  evasion,  "  the  same  with  intent  to  deceive." 
My  complaint  is  as  to  deficiency  during  lighting  hours.  The 
chairman's  average  is  obtained  by  including  daylight  and 
other  non-lighting  hours  when  the  current  is  immaterial 
The  company  have  never  given  the  average  of  100  volts 
during  lighting  hours,  and  it  is  wilfully  misleading  to  take 
the  average  based  on  the  24  hours  during  two-thirds  or 
more  of  which  time  no  consumption  is  taking  place.  The 
delicate  instrument  for  testing  I  have  had  to  purchase,  and 
their  engineers,  after  repeatedly  checking  it,  have  only  con- 
firmed its  accuracy. 

The  variation  laid  down  by  the  Board  of  Trade,  as  the 
chairman  knows  full  well,  is  for  the  purpose  of  meeting 
exceptional  strains,  but  is  abused  by  the  Chelsea  Company, 
who  persistently  take  advantage  of  it,  and  in  spite  of  com- 
plaints ranging  over  more  than  12  months  only  vary  down- 
wards and  never  during  lighting  hours  upwards,  and  in 
this  way  impose  upon  their  consumers  a  lower  standard, 
and,  therefore,  a  lower  illuminating  power,  than  what  was 
promised. 

3.  Mr.  Courtenay  says :  "  There  has  never  been  a 
failure  of  light,  ana  hardly  any  complaints  (except  from 
Mr.  R.  Chamberlain)  have  been  received  from  customers, 
and  those  few  were  remedied  at  once." 

This,  again,  is  at  variance  with  the  facts.  Apart  from 
the  absence  of  all  current  to-day  and  on  Saturday,  the 
default  in  supplying  the  full  100  volts  during  lighting 
hours  causes,  as  everyone  knows,  a  great  failure  of  illumi- 
nating power,  while  during  the  recent  foggy  weather 
the  company  have  been  so  utterly  unable  to  cope  with 
their  lesponsibilities  as  to  drop  down  the  pressure  to 
below  90,  and  their  consumers'  houses  have  been  almost 
in  darkness. 

I  am  afraid  the  statement  as  to  their  having  hardly 
any  complaints  is  not  more  accurate  than  his  others, 
notably  as  to  a  member  of  Parliament  being  a  man  of 
leisure.  I  have  heard  of  many  complaints,  and  in  one 
instance  *at  least  besides  my  own  a  complaint  has  not  been 
remedied. 

Mr.  Courtenay  endeavours  to  raise  a  false  issue  by  sug- 
gesting that  my  not  unreasonable  complaints  arise  from 
some  interest  of  mine  in  the  Chamberlain  and  Hookham 
meter.  If  it  were  true  that  I  were  interested  in  this 
meter,  it  would  not  make  the  default  of  the  company  or 
their  breach  of  faith  to  their  customers  one  whit  worse 
or  better  than  it  is.  As  it  happens,  however,  the  sug- 
gestion is  quite  uncalled  for.  I  have  not  and  never  have 
had  the  slightest  interest  in  the  success  of  the  meter 
referred  to. 

In  conclusion,  I  challenge  Mr.  Courtenay  to  affirm  that 
his  company  have  given  or  are  giving  an  honest  100  volts 
— ie.,  an  average  100  during  lighting  hours — or  to  deny 
that  there  is  a  great  loss  of  illuminating  power  from 
default  to  do  so. 

Further,  I  challenge  him  to  inform  the  public,  through 
you,  when,  if  ever,  his  company  will  give  this  supply. 

It  is  only  because  I  cannot  get  any  redress  or  any  clefinite 
date  when  redress  will  be  afforded  that  I  have  taken  steps 
to  compel  an  honourable  fulfillment  of  obligations  into  which 
the  company  have  entered. 

Surely  they  are  very  shortsighted;  they  have  a  very 
good  area,  and  it  would  be  better  for  them  to  put  their 
plant  and  appliances  in  proper  order  so  as  to  give  inc  uture 
a  full  and  constant  supply  rather  than  to  have  their  con- 
cession modified  or  cancelled,  or  another  company  brought 
into  the  district 

Whenever  the  company  will  honourably  perform  their 
obligations  and  supply  me  with  a  constant  and  honest 
average  of  100  volts  during  lighting  hours,  I,  at  all  events, 
will  cease  from  troubling. 

Meanwhile,  I  write  by  candle  light,  and  with  my  house 
in  darkness,  and  wonder  what  Mr.  Courtenay  would  call  a 
default. — ^I  am,  Sir,  yours  obediently, 

Richard  Chahberuun 

39,  Cadogan  square,  S.W.,  Dec.  15. 


Sir, — ^In  reply  to  Mr.  Bichard  OhamberUin's  letter  in 
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the  Tma  of  the  19th  inaL,  I  hare  to  slate  that  my  com- 

Cny  having  iupplied  light  within  their  statatory  powers 
Te  not,  and  aerer  had,  any  issue  on  that  head  to  discuss 
with  Mr.  R  Chamberlain,  and  I  decline  to  be  drawn  away 
from  the  object  of  my  letter  on  the  10th  iust.,  which  was 
to  protect  my  company  from  Mr.  E.  Chamberlain's  attack 
in  Uie  House  of  Commons,  an  attack  which,  if  not  explained, 
was  liable  to  damage  the  interest  of  those  I  represent. 

Mr.  R.  Chamberlain  may  hare  asked  other  questions  of 
the  President  of  the  Board  of  Trade,  but  all  I  had  to  dwl 
with  were  those  which  appeared  in  your  parliamentary 
report  of  the  proceedings  in  the  House  of  Commons  of  the 
9th  inst. — namely  : 

"  Mr.  B.  Chamberlain  asked  the  President  of  the  Board 
of  Trade  whether  his  attention  bad  been  called  to  the  long- 
continued  default  of  the  Chelsea  Electric  Supply  Company 
to  furnish  the  sUtutory  current  of  100  volts,  and  to  the 
serious  loss  of  illuminating  power  sustained  by  consumers 
in  consequence,  and  whether  be  would  take  steps  to  compel 
this  company  to  keep  faith  with  the  public  or  forfeit  their 
concession." 

The  answer  of  Sir  M.  Hicks-Beach  to  the  question,  and 
Mr.  Chamberlain's  remarks,  as  reported,  show  that  he  com- 
pletely miaunderatood  the  company's  obligations.  The  report 
concludes  as  follows  :  "Mr  R.  Chamberlain,— I  understand 
from  the  right  hon.  gentleman  that  we  have  no  remedy 
unless  they  get  below  96,  the  4  per  cent  referred  to  in  the 
answer  just  given. 

"  Sir  M.  Hicka-Beach ;  Yes,  sir,  that  is  so. 
The  variation  permitted  by  the  Board  of  Trade  is  allowed 
to  enable  the  company  to  cope  with  the  increase  of  demand 
during  the  hours  of  maiii^um  lighting,  without  compelling 
the  company  to  incur  excessive  expenditure  on  the  con- 
ducting mains. 

The  recent  continuous  fogs  have  been  a  severe  strain  on 
the  company,  and  in  consequence  the  company  wai  obliged 
to  issue  a  notice  on  the  13tb  inst.  informing  ita  customera 
"  that,  owing  to  the  continued  drain  on  the  reaervea  of 
electricity  in  the  accumulatora  at  the  sources  of  supply 
caused  by  continuous  foggy  weather,  the  company,  in  the 
mutual  interest  of  itaelf  and  of  the  efficiency  of  the  service 
to  its  customers,  may  find  iUelf  obliged  to  cut  off  the 
current  from  it«  system  of  mains  during  certain  hours 
between  midnight  and  four  o'clock  in  the  afternoon  ;  the 
issue  of  this  notice  is  to  prepare  for  such  possible  contin- 
gency." 

The  dates  show  this  occurred  after  Mr.  Chamberlain'a 
attack  In  December,  1889,  the  company  supplied  8,730 
lights,  and  they  are  now  supplying  about  20,000,  which,  I 
think,  conclusively  shows  that  our  cuitomers  have  been 
fairly  satisfied. 

I  Delieve  in  such  weather  as  we  have  lately  experienced 
even  the  old-established  gas  companies  frequently  have  to 
work  with  diminished  presaure. 

My  company  have  done  their  best  to  combat  with  the 
very  trying  and  long-continued  fogs,  and  we  have  to  thank 
our  customers  for  the  consideration  they  have  shown. — 1 
am.  Sir,  your  obedient  servant, 

J.  Ibvinq  Couetenav,  Chairman, 
Chelsea  Electricity  Supply  Company,  Limited. 
Chelsea,  Dec.  20. 


ACCUHULATOR  REGULATOR. 

In  iustallations  in  which  accumulators  are  used,  it  is 
found  when  charging  them  that  the  E.M.F.  of  the  dynamo 
has  to  be  so  many  volte  higher  than  that  of  the  battery 
that  the  lamps  cannot  be  us«l  without  endangering  their 
life.  In  such  casea  an  arrangement  should  be  used  enabling 
the  main  supplying  the  lamps  to  be  shifted  down  the 
battery  four  or  five  cells  to  a  point  at  which  the 
difference  of  potential  is  suitable  for  the  voltage  of  the 
lamps.  A  new  patent  regulatsr  for  this  purpose  is  here 
illustrated,  made  by  Mesara.  Dorman  and  Smith,  of  Man- 
cheater  and  London.  The  lead  from  the  dynamo  ia  attached 
to  one  of  the  awivelling  contact  piecea,  and  the  lead  to  the 
lamps  to  the  other,  and  a  wire  from  each  of  the  six  top  cells 
is  connected  with  the  six  coupling  strips.     The  movement 


of  the  swivelling  arms  from  one  jaw  to  another  is  remark- 
ably sudden,  and  independent  of  the  speed  at  which  the 
handle  is  moved,  and  the  distance  between  the  jawa  iaauch 
that  it  is  impossible  for  the  cells  to  be  short-circuited. 


When  the  cells  are  merely  used  to  steady  the  currant  from 
the  dynamo  the  charge  and  discharge  takes  place  at  the 
same  point,  whereas  when  the  dynamo  is  stopped  and  the 
cells  uaed  as  the  main  source  of  supply,  the  diachat^  is 
usually  taken  from  the  top  cell  of  the  Mttery.  All  these 
conditions  are  easily  met  with  the  arrangement  of  switches 
shown. 


ELECTRICITT  FOR  NURSES. 

The  application  of  electricity  to  medical  practice  during 
the  past  few  years  has  begun  to  be  taken  up  in  a  dUeilanlt 
fashion  by  doctors,  though  too  often  with  a  kind  of 
empirical  and  see-wt^t-tbe-result-may-be  manner — a  method 
which,  it  ia  whispeTed,  is  not  altogether  unknown  in  the 
profession  with  other  matters  more  usually  believed  to  be 
thoroughly  understood.  In  older  days  it  was  the  food  hobby 
of  enterprisingmedicalstudentswhoacbievedcertain  wonders 
in  cute,  but  i^o  had  to  be  warned  that  the  award  of  their 
diplomas  waa  dependent  upon  the  abandonment  of  all  such 
heterodox  views  and  practice.  Later,  electricity  in  medical 
practice  has  become  acknowledged,  and  has  developed  in 
two  directions.  One  of  these  is  the  application  of  well- 
known  electrical  effects  for  surgical  and  otber  purpoaea — 
the  electric  light,  with  minute  surgical  lam  pa  for  the  lighting 
of  the  cavitiea  of  the  human  body  ;  the  beating  effects  for 
galvano-cautery  ;  and  the  electrolysis  of  tumours  and  other 
vicious  products  of  the  body,  a  direction  itself  in  which 
much  remains  to  be  done  for  the  benefit  of  suffering 
humanity.  The  other  direction  is  one  which  is,  it  may  ha 
said,  both  more  delicate  and  more  often  invoked,  as  well  as 
more  empirical,  and  more  in  need  of  scientific  direction 
than  the  first,  as  it  is  giveu  into  the  hands  of 
the  ordinary  practitioner,  the  hospital  doctor,  and 
the  nurae.  This  is  the  application  of  electric  currents 
externally  to  the  body  for  the  purposes  of  excitation, 
soothing,  or  renewal  of  failing  auscular  or  nerve  action — 
in  a  word,  what  ia  usually  meant  by  battery  electrification. 
The  use  of  electricity  ia  now  so  common  that  nearly  all 
medical  schools  and  hospitals  have  their  batteries  and  ap 
paratua.  Yet  it  is  often  the  case  that  the  medical  men 
who  prescribe  and  the  nurses  who  carry  out  the  instructions 
know  little  or  nothing  of  the  ordinary  phenomena  of  elec- 
tricity, and  are  far  from  being  able  to  wateh,  predict,  or 
properly  direct  its  use  upon  the  human  body.  It  is,  there- 
fore, a  great  benefit  to  the  medical  profession  when  a 
trained  electrician  can  do,  as  Mr.  Newman  Lawrence, 
M.I.E.E.,  is  persistently  doing — that  is,  devote  his  training 
and  his  life's  energy  to  the  study  and  the  scientific 
otganisation  of  the  interesting  and  important  probtema 
that  ariae  from  the  use  of  electricity  as  a  therapeutic  agent. 
Mr.  Lawrence,  as  electrical  engineers  know  from  the  papers 
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already  given  before  the  Institution,  hae  associated  himself 
with  l>r.  Harries,  and  together  they  have  undertaken  in- 
vestigations which  bid  fair  to  inau^rate  a  considerable 
revolution  in  certain  branches  of  medical  practice. 

On  Thursday  week,  De:ember  11th,  Mr.  Newman 
Lawrence  gave  a  lecture  to  nurses  on  "  Medical  Applica- 
tions of  Electricity"  embodying  some  of  hie  views,  at  the 
new  premises  of  the  Institute  of  Medical  Electricity,  35, 
Fitzroy-square,  W.,  the  chair  being  taken  by  Uiss  C.  J. 
Ward  (hon.  sec.,  British  Nursing  Association).  The  lecture 
was  illustrated  by  practical  demonstrations  on  living 
subjects — patients  at  the  institute — the  object  of  the 
lecture  being  principally  to  inculcate  a  suitable  knowledge 
of  the  effects  of  electrical  currents  and  the  necessity  for 
the  exact  measurement  of  the  "  doses." 

Mr.  Lawrence  referred  to  his  own  position  as  not  that 
of  a  medical  man,  but  an  electrical  engineer.  Electri- 
city, he  pointed  out,  was  being  lai^ely  used  in  medical 
practice,  and  its  nature  and  efiects  should  be  almost  as 
much  studied  by  medical  men  as  by  t«legraphists  or  electric 
light  engineers.  He  explained  how  electricity  in  its  vary- 
ing manifestations  was  one  and  the  same  force,  and  men- 
tioned that  to  prove  to  certain  persons  this  truth,  he 
had  undertaken  a  series  of  experiments  with  a  dynamo 
current  taken  from  an  electric  light  circuit  and  conclusively 
arrived  at  the  result  that  the  physiological  eSiscts  were  the 
same.  The  lecturer  explained  the  differences  between 
large  current  strength  and  high  pressure.  He  went  into 
the  differences  between  continuous,  alternating  and  intflr- 
mittent  currents,  and  showed  the  experiment  nf  decompo- 
sition of  water  into  its  constituent  gases.  On  application 
to  the  human  skin  it  had  been  found  that  physical  conges- 
tion takes  place  under  both  poles,  with  the  effect  of  stimu- 
lation of  nutrition.  The  acceleration  of  osmosis  (the  transfer 
of  different  liquids  through  a  skin  partition^  by  electricity 
was  a  most  important  property  of  the  electric  current, 
taken  advantage  of  in  the  process  termed  by  his  colleague 
Dr.  Harries  as  "cataphonc  medication,"  in  which  drugs 
could  be  locally  administered  in  the  right  quantities, 
instead  of,  as  with  the  present  practice,  by  swallowing  large 
quantities  of  which  small  portions  only  found  their 
way  to  the  required  part,  and  the  rest  might  even  do 
injury.  The  breaking  up  of  bad  growths  or  the  discharge 
of  deleterious  matters  in  anv  organ  could,  conversely,  be 
brought  about  by  "  catelvsis. ' 

Mr.  Lawrence  then  dealt  with  the  important  point  of 
"dosage" — the  dose  of  current  to  be  administered.  Too 
often  it  was  prescribed  most  loosely,  as  "  apply  10,  or  20 
cells,"  or  "  as  much  as  the  patient  could  bear. '  A  dose  to 
be  exact  should  be  specified  in  the  two  factors  ot  strength 
and  time — so  many  milliamperes  for  so  many  seconds  or 
minutes.  The  method  of  doing  this  was  practically  illus- 
trated— a  Bwitchboard  of  his  device  made  by  Coxeter's,  with 
Leclanch^  cells,  and  a  mi lliampere- meter  being  used  in 
administering  current  to  a  youth's  forehead,  neck,  and  back, 
in  the  simpw  manner  devised  by  the  lecturer  to  enable 
nurses  to  carry  out  doctors'  prescriptions.  The  utter  use- 
leesnesB  of  the  ordinary  methods  of  depending  on  the 
number  of  cells  or  the  patient's  sensation  was  shown, 
and  then  manipulations  with  1^,  5,  9,  etc.,  milliamperes 
were  carried  ouL  A  further  experiment  with  a  female 
patient  for  the  face  and  arm  were  given  to  the  nurses 
present,  allusion  being  made  to  many  successes  achieved 
with  cases  of  facial  paralysis.  A  model  of  the  administra- 
tion of  electric  currents  in  baths  was  exhibited,  the  deside- 
rata being  always  that  the  direction  and  strength  of  the 
current  should  be  known  and  scientifically  applied.  Mr. 
Lawrence  deplored  the  comparative  ignorance  of  medical 
men,  which  was  too  often  the  cause  of  the  bad  application 
of  the  remedies  by  the  nurses,  and  urged  the  greater  study 
of  electricity  in  the  medicine  schools.  He  insisted  on  the 
necessity  for  strict  definition  of  words,  and  proposed  the 
term  "  flowniption  "  for  an  intermittent  direct  current,  as 
distinguished  from  an  "alternating  current"— a  hideous 
hybrid,  however,  which  it  is  to  be  hoped  he  will  forego  for 
the  correct  t«rm,  Mr.  Lawrence  woe  extremely  lucid  in  bis 
explanation,  and  skilful  in  his  methods,  and  his  work  in  the 
strict  measurement  of  "dosage"  will  surely  prove  most 
valuable  to  medical  men. 

At  the  conclusion  of  the  lecture  (which  eroked  much 


praise  from  the  chairwoman)  Dr.  Harries  alluded  to  some 
points  of  recent  progress  in  the  stimulation  of  muscles  and 
nerves,  and  of  nutrition.  The  greatest  discovery,  one  which 
evidently  promises  to  become  a  most  valuable  adjunct  to  sur- 
gical practice,  he  described  as  local  anieethetieation  by 
means  of  eatephoric  transmission — the  aniesthettc  drug 
cocaine  being  transmitted  by  electrical  agency  to  any  local 
{)art  in  such  a  way  and  with  such  ease  that  siii^cal  opera- 
tions, such  as  red-hot  cautery,  have  been  performed  three 
successive  times  upon  a  limb  without  the  patients  feeling  it 
in  the  least.  To  avoid  the  risk  inseparable  from  chloro- 
form, or  even  ether,  in  minor  operations,  the  application  of 
electric  science  to  that  of  antestbetics,  through  the  dis- 
coveries of  Messrs.  Lawrence  and  Harries,  seems  to  promise 
progriMS  of  really  startling  importance.  The  use  of 
electricity  for  the  stimulation  of  nutrition  of  stnicture, 
electrolysis  of  tufts  of  hair,  and  other  kindred  cases, 
though  extremely  useful  in  themselves,  seem  very  minor 
beside  an  application  of  this  extended  usefulness.  The 
scientific  study  of  electricity  in  medical  practice  has  evi- 
dently large  fields  before  it,  and  the  gentlemen  named  are 
attacking  the  subject  in  a  manner  in  which  both  medical 
id  electrical  men  will  recognise  the  true  scientific  spirit. 


THE  BLECTBOMAGNET.* 

UV    PROF.  flILVANUS  P.   IHOKPSOS,   D.BC,   B.A.,  M.t.E.K 

LECTURE  rv. 

ELE<7n(0HA0NETIC   MrCHANISH. 

The  task  before  me  to-ni^ht  oumpriaee  the  following  ma,tt«r«  : 
First,  to  speak  of  that  particular  variety  of  the  electromagnel  io 
which  the  iron  core,  instead  of  being  attached  to  the  coils,  is 
movable,  and  it  attracted  into  them.  Secondly,  to  speak  of  the 
modae  of  equalising  the  pull  of  elactromaenet«  of  various  BortB 
over  their  range  of  action.  Thirdly,  to  deecribe  sundry  mechiuiiamB 
which  depend  on  electromagnete.  Lastly,  to  dtacuss  the  modes  of 
prevention  or  diminution  ofthe  sparking  which  is  aa  almoat  ii 


when  one  is  asing  an 


ably  found  to  accompany  the  break  of  i 
electromagnet, 

Thk  CotL  AKD  Pluhobb. 

First,  then ,  let  me  deal  with  the  apparatus  wherein  an  iron  oot« 

is  attracted  into  a  tubular  coil  or  solenoid,  an  apiiaritlus  which,  for 

the  sake  of  brevity,  I  take  the  liberty  of  naming  as  tbe  coil  and 


Fro.  S7. — BjSrth's  Electromagnetin  Mechanism. 

plunger.  Now,  from  quite  early  times,  from  1822,  at  aoy  rate,  it 
was  known  that  a  ooU  would  atlrract  a  piece  of  iron  into  it,  and 
that  thisaotion  resembled  somewhat  the  action  of  a  piston  going 
into  a  cylinder — resembled  it,  I  tnesJi  to  say,  in  possessing  an 
extended  range  of  action.  The  use  of  such  n  devioe  as  the  coil 
and  plunger  was  even  patented  in  this  country  in  ISM  under  the 
name  of  "a  new  eleotromagnet. "  Electaomagnetlc  engines  or 
motora  were  made  on  this  plan  by  Page,  and  aftorwards  by  others. 


*  Cantor  leebaMS,  delivered  before  the  Boojsty  of  Arte. 
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Name  of  Town,  PAriBh,  or  Local  Authority  or  Company 

Difltrict.  Applying. 

Eastl^ndon    I^ing,  Wharton  and  Down  Construc- 
tion Syndicate,  Limited. 

Hampetead Stamford     Hill,     Tottenham,     and 

Edmonton  Electric  Light  and  Power 
Supply  Company,  Limited. 

Islington  Camberwell  and   Islington  Electric 

Light  and  Power  Supply,  Limited. 

North  London Brush  Electrical  Engineering  Com- 

tMtny,  Limited. 

North  Westminster  Westnunster  Electric  Supply  Corpo- 
ration, Limited. 

Paddington Paddington  and  Bayswater  Electric 

light  and  Power  Supply,  Limited. 

St.  Luke's,  Chelsea,  and  St 
George's,  Hanover-square  New  Cadogan  and  Belgrave  Electric 

Supply  Company,  Limited. 

Southwark  Brusn  Electrical  ISngineering  Com- 
pany, Linuted. 

Wandsworth  District    Stamford     Hill,     Tottenham,     and 

Edmonton    Electric    light    and 
Power  Supply,  Limited. 

Woolwich     Woolwich    District    Electric   Light 

Company,  Limited. 

Londonderry Corporation. 

Newcastle Newcastle  and  District  Electric  light- 
ing Company,  limited. 

Newport  (Mon.)  Corporation. 

Norwich Norwich       Electricity       Company, 

limited. 

Paisley* Corporation. 

Poole  Brush  Electrical  Engineering  Com- 
pany, Limited. 

Fi^eston National  Electric  Supply  Company, 

Limited. 

Scarborough Corporation. 

Southend   Local  Board. 

Southport*    Corporation. 

South  Shields  Corporation. 

Stockport* Corporation. 

Sunderland    Corporation. 

Surbiton    Improvement  Commissioners. 

Torquay     Local  Board. 

Tozteth  Park    Liverpool  Electric  Supply  Compan 

Limited. 

Tnnbridge  Wells Corporation. 

Tvnemouth    Corporation. 

Weston-super-Mare Improvement  Commissioners. 

Weybridge    Laing,  Wharton,  and  Down  Construc- 
tion Syndicate,  Limited. 

Weymouth    Brush  Electrical  Engineering  Com- 
pany, limited. 

Whitbv  LocalBoard. 

Whitehaven  Town  and  Harbour  Trustees. 

Withington  District    Manchester  House-to-House  Eleotri- 

dty  Company,  limited. 
Total  number  70. 

It  will  be  seen  on  comparison  with  our  list  given  on  Dec. 
5th,  p.  513,  that  six  applications  have  been  dropped.  These 
are  Cork,  Gravesend,  Limerick,  St.  Martin's-in-the-Fields, 
Maidstone,  and  Windsor  and  Eton. 


] 


COMPANIES'  MEETINGS. 


THE  GULCHER  (NEW)  ELECTRIC  UGHT  AND  PG¥FER 

COMPANY,  LIMITED. 

Directors :  D.  De  Castro,  Esq.,  H.  Growing,  Esq.,  R.  Pryor,  Esq 
Secretary :  T.  C.  Morgan,  Esq. 

Rkport. 

The  Directors  have  pleasure  in  presenting  to  the  shareholders  the 
balance-sheet  for  the  12  months  ending  June  30, 1800.  It  will  be 
observed  that  the  preference  capital  of  the  Company,  which,  on 
June  90,  1880,  consisted  of  12,277  preference  shares,  having 
£12,241.  Is.  4d.  paid  up,  consisted  on  June  30, 1800,  of  50,000  prefer- 
ence shares,  having  £30,707.  8s.  paid  up.  It  will  also  be  seen  that 
the  £10  per  cent,  second  debentures,  which  on  June  30,  1880, 
amountea  to  £8,862.  10s.,  and  which  at  the  date  of  the  last  report 
had  increased  to  £16,000,  were  on  June  30,  1800,  reduced  to  £400. 
This  satisfactory  alteration  of  the  capital  account  is  mainly  due  to 
the  response  xaade  by  a  limited  number  of  shareholders  to  the 
prospectus  issued  on  January  1  last,  inviting  subscriptions  for  the 
then  unissued  preference  snares.     The  central  stations  for  the 

Jublic  lighting  of  Wellington,  New  Zealand,  upon  which  on 
une  30,  1880,  the  Company  had  expended  £0,508.  18s.  8d.,  were 
shortly  afterwards  completed.  Ou  June  30,  1800,  this  important 
installation  stood  as  a  aebtor  in  the  Company's  books  for  £13,486. 
13s.  3d.,  since  which  time  the  amount  has  not  been  increased. 
The  Directors,  in  their  last  report,  pointed  out  to  the  shareholders 
that  the  commercial  success  of  this  undertaking  would  depend 
entirely  upon  the  provision  of  further  capital  for  private  lighting. 
They  oonduded,  however,  after  careful  consideration,  not  to  look 
up  so  large  a  portion  of  the  newly-subscribed  capital  as  would  be 


necessary  to  enable  the  Company  exclusively  to  provide  for  this 
private  lighting.  A  well-supported  syndicate  has  accordingly  been 
formed,  which  will  not  only  provide  for  the  private  supply  of  the 
town  but  will  ultimately  takeover  this  Company's  businen  in  New- 
Zealand,  together  with  the  benefit  of  the  contract  for  the  public 
lighting  entered  into  between  this  Company  and  the  Mayor  and 
Corporation  of  Wellington.  The  particulars  of  the  contract 
between  the  New  Zesland  Electrical  Syndicate  and  this 
Compcmv,  and  of  other  contracts  undertaken  and  carried  out 
during  the  put  year,  will  be  supplied  at  the  ceneral  meeting, 
when  a  detailed  profit  and  Iobs  account  wm  also  be  sub- 
mitted to  the  shareholders.  In  the  autumn  of  last  year  this 
Company  contributed  towards  the  registration  of  the  South- 
western District  and  Thames  Vallev  Electricity  Supply  Company, 
Limited,  from  which  the  Directors  have  reason  to  anticipate  good 
results.  The  gross  manufacturing  profits  for  the  year  ending  June 
30,  1800,  amounted  to  £3,007.  2b.  4d.,  which,  compared  with  the 
manufacturing  loss  of  £1,417.  6s.  fid.  in  the  preosoing  year,  must 
be  regarded  with  satisfaction.  The  heavy  interest  payable  on  the 
second  mortgage  debentures  (nearly  all  of  whidi,  however,  have 
now  been  paid  off)  has  alone  prevented  the  declaration  of  a 
dividend.  Since  the  last  general  meeting  Mr.  Binswanger  has 
resigned  his  seat  at  the  Board.  The  Directors,  under  the  powers 
conferred  on  them  by  the  articles  of  association,  recently  elected 
Mr.  C.  S.  B.  Hilton,  a  large  shareholder,  to  assist  in  the  direction 
of  the  Company.  Mr.  De  Castro  and  Mr.  Hilton  retire  from  the 
Board,  but,  bemg  eligible,  offer  themselves  for  re-election.  Mr. 
Russell  Day,  the  auditor  appointed  at  the  last  general  meeting, 
also  retires,  but  offers  himself  for  re-election. 

BaXiA»0B-8HSBT. 

Dr.  £      s.  d.      £        s.  d. 

Capital,  authorised 70,000    0    0 

Issued  20,000  deferred  shares  of  £1 

each,  fuUy  paid 20,000    0    0 

12,277  preference  shares  of  £1 

each,  20s.  called  up 12,277    0    0 

37,723  preference  shares  of  £1 

each,  7s.  fid.  called  up..     14,146    2    6 

70,000  26,423    2    6 

Lees  unpaid  2,042    6    4 

28,480  17    2 

Add  calls  paid  in  advance 7,316  10  10 

30,707    8    0 

£6  per  cent,  first  mortgage  debentures  8,000    0    0 
£10  per  cent,  second  mortgage  deben- 
tures       10,000    0    0 

Less  paid  off 0,600    0    0 

400    0    0 

BiUs  payable 303  16    7 

Creditors  as  under : 

Trade  debts  1,661  12    1 

Comnussions 1,600    0    0 

Interest  on  debentures 180    7.10 

Rent,  rates,  and  taxes   66  10    3 

Law  costs   100    8    4 

Salaries,  eta 132    5    1 

Dixvotors' f eee 236  16  10 

3,867    8    6 

National  Provincial  Bank  of  England, 

Limited 2,403    7    3 

£45,062    0    3 

Surplus  at  30th  June,  1880  406  13  10 

Balance  from  profit  and  loss  account.         201  17    7 

208  16    3 


£46,165  16    6 


Cr.  £  8.  d. 

Proliminary   expenses,  balance  from 

June,  1880   800  0  0 

Add  broker's  commission,  etc.....  1,600  0  0 

2,400    0    0 
Less  written  off 400    0    0 

Plant  (as  valued)   

Stock  in  England  (as  valued) 

Stock  in  New  Zealand  (at  cost) 

Installation  at  Wellington,  New  Zea- 
land (at  cost)  

Trade  debtors 

Bills  receivable  

Cash  in  hand  


s.  d. 


2,000    0  0 

7,028  18  6 

17,776    1  6 

1,048    6  3 

13,486  13  3 

4,680  17  4 

60    3  0 

21  15  11 

£46,156  16  6 


The  third  ordinaij  general  meeting  of  this  Company  was  held 
on  Thursdi^,  the  18th  inst,  at  Winchester  House,  Old  Broad- 
street,  Mr.  De  Castro  in  the  chair. 

The  Oeeretary  (Mr.  T.  C.  Morgan)  having  read  the  notice  oon- 
▼ening  the  meetine,  and  the  minutes  of  the  last  meeting  having 
been  read  and  oonlrmed, 

'rhe  cnialrmaB  said  :  Gentlemen, — Befora  we  proceed  to  the 
business  proper,  I  think  it  right  to  say  that  last  year  it  was  decoded 
to  hold  our  meeting  as  a  private  one,  and  a  little  unpleasantness 
arose  between  myself  and  some  of  the  representatives  of  the  Press 
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alterwArdi  aa  to  whether  it  waa  or  wee  not  private.  We  have  no 
poeaible  objection  to  treating  this  as  a  public  meeting,  and  there- 
fore if  the  shareholders  wish  it  we  can  have  no  objection  to  the 
Press  being  admitted.  My  own  view  is  that  a  Company  like  our- 
selves is  not  of  vast  interest  to  anybodv  but  the  shareholders,  and 
therefore  my  own  view  is  that  we  should  keep  the  meeting  to  our- 
selvea.  However,  I  am  entirely  in  your  hands,  and  I  only 
mentioned  this  in  order  that  if  tne  shiweholders  like  to  treat  it 
as  a  private  meeting,  no  member  of  the  Press  will  have  an  excuse 
for  saying  it  was  not  so.  Will  someone  express  the  views  of  the 
meeting?  I  may  mention  that  we  are  not  quoted  on  the  Stock 
Bxchange. 

Mr.  BartoB  thought  it  would  be  going  backwards  to  call  this  a 
private  company.  He  hoped  to  have  a  Stock  Exchange  Quotation, 
and  therefore  he  thought  the  meeting  should  be  open  ana  public. 

This  was  seconded  oy  another  slutreholder,  and  carried  unani- 
mously. 

The  dudrauA  then  said;  Gentlemen, — I  think  you  have  all 
received  copies  of  the  report  and  balance-sheet,  which  will  rec^uire 
very  little  comment  from  me.  (We  give  the  report,  etc.,  herewith. ) 
I  will  just  run  through  the  report,  and  make  a  few  observations  as 
I  go  along,  and  any  criticisms  by  yourselves  are  invited.  The 
year  since  the  SOth  June  haa  been  a  very  important  one  to  this 
Company.  On  the  90th  June,  1889,  we  had  a  very  small  pre- 
ference capital— comparatively— of  £60,000  nominal.  We  had 
£12,277  paid  up  or  subscribed,  and  we  had  at  that  time  £8,000 
mortgage  debentures.  We  had  no  less  than  £10,000  second 
mortgage  debentures,  and  we  had  another  £6,000  second  mortgage 
debentures,  which  we  had  been  obliged  to  raise  in  order  to  meet 
the  extreme  difficulty  the  Company  was  placed  in  by  a  contract 
entered  into  in  New  Zealand.  This  year  I  am  happy  to  say  things 
are  in  an  entirely  different  position.    We  found  that  however 

Eroeperous  the  Company  might  be  or  whatever  its  prospects,  it  was 
opeless  to  expect  that  wiSi  so  small  a  capital,  burdened  with 
such  heavy  mortga^ree,  £16,000  of  them  bearing  such  a 
very  heavy  rate  of  mterest,  which  we  were  obligra  to  pay 
before  we  could  possibly  declare  dividends.  I  therefore  went 
round  and  represented  the  case  to  mv  friends,  and  we  agreed 
amongst  ourselves,  and  the  Board  agreed,  that  the  alternative  was 
to  propose  an  issue  of  the  balance  of  our  capital,  and  to  pay 
off  these  heavy  debentures  which  were  absorbing  all  our  profits. 
Aooordingly  in  the  beginning  of  laetyear  we  issued  the  balance  of  the 
preference  capital,  amounting  to  £37,723,  in  £1  shares.  That  has 
been  subscribe  very  largely  by  those  who  hold  the  10  per  cent, 
debentures,  exchang^g  tiiose  debentures  for  preference  shares 
(with  the  addition  to  our  list  of  a  number  of  very  excellent  new 
shareholders),  and  partly  by  a  certain  amount  which  was  under- 
written. The  capital,  therefore,  now  stands,  as  your  report  tells 
you,  at  £50,000  preference  shares,  of  which  £30,797  were  on  the 
dOth  June  paid  up,  and  I  may  tell  you  that  at  the  present  moment 
we  have  not  only  dischareed  all  our  10  per  cent,  debentures  (with 
the  exception  of  £200,  held  bv  a  gentleman  who  declines  to  be  dis- 
charged), but  we  have  a  hanosome  capital  of  £30,000  subscribed, 
and  £13,000  uncalled.  This  is  a  position  that  neither  the  old 
nor  the  new  company  have  ever  attained  before. 

The  business  to  which  I  referred  a  few  moments  ago  as  having 
plunged  us  into  difficulty,  was  the  undertaking,  through  a  mistake 
of  our  late  manager,  of  a  contract  in  New  Z«Jand,  which  cost  at 
least  six  times  what  he  thought  it  would.  What  he  estimated  to  cost 
£2,500  has  cost  Mb  Company  now  £13,600.  This  is,  even  in  our 
altered  droumstances,  a  very  large  share  of  our  capital  to  have 
locked  up  in  what  is  not  properly  the  business  of  this  Company. 
We  are  a  manufacturing  electri(»J  engineering  and  not  a  supply 
company,  and,  of  course,  the  capital  invested  in  a  supply  company 
must  be  very  much  larger  than  a  company  of  this  kind  can  anord. 
Moreover,  the  capital  (£13,600)  would  not  produce  an  income  pro- 
portionate to  that  outlay  ;  and  to  make  it  pay  it  would  be,  and 
will  be,  necessary  to  lay  out  at  least  another  £9,000  or  £10,000  to 
produce  a  substantial  interest  upon  the  £25,000  or  £26,000  which 
will  then  be  invested  there.  Under  these  ciroumstanoesit  became 
a  matter  for  the  serious  consideration  of  the  Board  as  to  whether 
we  should  employ  our  uncaUed  capital  (this  £13,000  or  £14,000) ; 
whether  we  should  lock  that  up,  and  again  leave  ourselves  with 
very  little  free  money.  We  decided  in  the  early  part  of  the  year 
that  if  we  could  possibly  avoid  doing  so  to  any  extent  whatever, 
we  would,  and  at  the  suggestion  of  my  colleagues  I  have  been 
occupied,  I  think  I  may  say  the  greater  part  of  this  year,  certainly 
■ince  the  beginning  of  (January,  in  forming  a  syndicate  who 
will  provide,  as  I  thmk  it  \b  stated  in  your  report,  for  the  private 
supply  of  the  town  of  Wellington ;  and  not  only  that  but  will 
ultimately  take  over  this  Company's  business  in  New  Zealand, 
together  with  the  benefits  of  the  contract  for  public  lighting  of 
the  town.  That  syndicate  has  at  last  been  formed,  and  £10,000 
has  been  subscribed,  of  which  this  Company  will  at  the  most  have 
to  risk  £2,000  or  £2,600  of  our  spare  capital.  I  don't  think  there 
will  be  any  necessity  for  finding  a  shilling  towards  it,  because  my 
impression  is  that  with  the  powerful  names  we  have  upon  the 
syndicate,  and  the  assistance  toat  is  being  given  to  me  by  firms 
that  have  helped  us,  there  is  very  little  doubt  the  shares  for  which 
the  (^ulcher  Company  will  take  responsibility  will  be  easily 
taken  in  the  colony  or  elsewhere.  I  nope,  therefore,  that  when 
we  meet  again — if  we  are  to  meet  you  again  f — next  year  we 
shall  be  able  to  report  to  you  not  only  the  completion  of  the  con- 
tract, but  the  completion  of  the  work  which  will  have  been  done 
by  the  expenditure  of  this  money,  and  the  receipt  of  a  revenue 
which  will  in  itself  be  sufficient  to  declare  a  substantial  dividend 
upon  the  whole  capital  of  this  Company.  The  price  at  which  the 
New  Zealand  installation  stands  in  our  books  at  the  30th  June  is 
£13,486.  13s.  3d.  That  figure  has  not  been  substantially— in  fact, 
not  at  all — added  to  from  that  date  to  thifl«    The  price  which  we 


shall  obtain  from  the  syndicate  is  £16,000  in  fully  paid-up  shares. 
We  shall,  as  you  will  therefore  see,  instead  of  havmg  a  large  sum 
locked  up  in  a  perfectly  untransferable  form,  have  shares  which 
wUl  be  transferable — shares  in  a  company  that  will  be  about  twice 
as  strong  as  the  Gulcher  Clompany  \b  out  there  at  present.  And  we 
shall  be  deriving  the  benefit  of  that  further  expenditure  of 
capital,  which  at  the  beginning  of  this  meeting  was  indicated 
to  you  as  necessary,  on  the  part  of  others  who  believe 
in  the  prospects  of  the  syndicate,  without  material  expense  to  our- 
selves. There  is  another  phase  of  this  contract  whicn  I  consider 
of  great  advantage.  We  are  a  manufacturing  company.  This 
syndicate — which  will  probably  grow  into  a  very  much  larger  con- 
cern— ^wUl  be  a  supply  company,  and  I  think  there  can  be  no  doubt 
that  if  the  goods  we  have  sold  in  New  Zealand  continue  to  hold 
the  position  which  they  do  now,  this  syndicate  will  become  a  very 
valuable  customer  to  this  Company,  and  that  both  directly  and 
indirectly  we  shall  be*gaining  by  this  transaction. 

Another  matter  has  oeen  mentioned  in  the  report,  and  that  is 
that  in  the  autumn  of  this  year  the  Company  contributed  towards 
the  re^tretion  of  the  South- Western  District  and  Thames  Valley 
Electricity  Supply  Company.  We  thought  it  well,  having  in  view 
the  tendency  of  business  to  run  into  central  supply  ratner  than 
into  independent  installations,  that  we  should  have  an  interest  at 
any  rate  va  some  districts.  While  London  was  being  portioned 
out  amongst  the  great  companies,  we  thought  that  if  we  could  see 
our  way,  without  material  expenditure,  to  get  a  company  registered^ 
it  would  secure  or  tend  to  secure  the  preference.  If  not  the 
monopoly,  of  a  district.  That  it  would  be  wise  and  to  the  interest 
of  the  Company  to  secure  that  at  an  expenditure  of  about  £100. 
We  have  a  share  in  a  company  whiclr  has  been  registered,  and  I 
have  received  promises  of  support  from  would-be  customers  in  the 
immediate  neijghbourhood  wnich  this  company  comprehends. 
The  company  is  intended  to  meet  the  demands  of  what  I  know  to 
be  a  very  growing  district,  the  south-western  district  of  the 
metropolis,  including  such  towns  as  Kingston,  Surbiton,  Richmond, 
Putney,  Barnes,  etc  These  are  rich  residential  districts  which 
are  all  clamouring  for  the  light,  and  in  which,  without  going  into 
details,  I  think  we  have  a  very  excellent  chance  of  doing  a  very 
excellent  business. 

Coming  to  figures,  the  gross  manufacturing  profits — ^I  am 
grieved  to  say  there  is  no  net  profit  —  for  the  year  ending 
loth  June,  1890,  amounted  to  £3,097.  2b.  4d.  Never  since  the  Com- 
pany has  been  formed  have  we  made  a  gross  manufacturing  profit  of 
even  one-third  of  that.  Last  year  under  the  difficulues  that  I 
have  mentioned  we  made  a  loss  of  £l,417i  therefore  you  have  traded 
this  year  to  an  advantage  of  £4,500.  The  heavy  interest,  as  is 
mentioned  in  the  accounts,  payable  on  the  second  mortgage 
debentures,  amounting  to  over  £l,000,!has  been  the  real  reason  why 
we  have  not  been  able  to  declare  a  profit.  Although  we  carry  over 
£3,000  to  the  credit  of  the  profit  and  loss  account,  we  are  obliged  to 
debit  that  profit  vrith  interest.  But  for  that  we  should  have  been 
able  to  declare  a  dividend  of  fully  3  per  cent.,  and  next  year  I 
think  we  may  fairly  anticipate  we  shall  do  that  and  more. 

Mr.  Binswanger  has  retired  from  the  Board.  He  came  to  us 
to  represent  some  creditors  having  a  very  large  stake  in  the 
concern.  As  soon  as  the  bulk  of  the  money  was  paid  off  upon 
those  debentures  he  retired.  I  am  quite  sure  my  collea^es  who 
worked  with  him  will  feel  we  are  all  very  much  indebted 
for  the  technical  assistance  and  business  acumen  he  brought  to  bear 
on  thii  Company's  affairs.  And  he  left  because  he  thought, 
amongst  other  reasons,  that  his  and  our  businesses  were  so  very 
much  alike  that  it  was  difficult  to  decide  whether  they  clashed  or 
not.  He  has  left  us  with  every  good  feeling  on  our  part.  The 
Directors,  under  the  powers  conferred  on  them  by  their  articles, 
have  recently  elected  Mr.  Hilton  to  the  Board,  and  they  hope  you 
will  confirm  the  election.  In  connection  with  the  New  Zealand 
syndicate,  I  think  it  Lb  right  to  tell  you  that  I  am  going  to  New 
Zealand  next  week  to  see  if  1  cannot  obtain  powers  for  lighting 
not  only  Welling^n  but  other  towns  in  the  colony.  I  am  going, 
I  hope,  to  put  matters  straijsfbt  in  Wellington — that  is  to  say,  I  hope 
we  snail  be  able  by  the  assistance  of  the  engineers  out  there,  and 
by  my  taking  powers  to  do  in  a  week  what  it  takes  many 
months  of  correspondence  to  do,  that  I  shall  hasten  the  time 
when  you  will  receive  that  dividend  from  our  investment 
that  I  confidently  anticipate.  Under  the  circumstance  we 
have  cast  about  as  to  what  is  to  become  of  the 
Board  during  my  absence.  We  are,  I  believe,  already  the 
minimum,  so  far  as  numbers  goes — the  smaller  the  Boanl  the 
more  workable  it  is — at  the  same  time  with  only  two  Directors 
here  there  is  the  contingency  of  not  being  able  to  make  a  quorum, 
which  should  not  be  neglected  in  my  absence.  We  lookea  but  a 
very  short  distance  to  find  the  proper  man  to  be  a  director,  at  any 
rato  in  my  absence,  and  I  can  only  hope  that  he  will  be  persuaded 
to  remain  afterwards,  and  we  have  tomporarilv  elected  Mr.  Hilton. 
He  is  a  large  shareholder,  and  also  without  him  and  his  firm  we 
could  not  have  got  out  of  our  difficulties  with  the  New  Zealand 
contract.  He,  his  firm  and  his  friends,  have  made  out  of  what 
threatened  to  be  our  destruction  that  which  I  hope  vrill  be  a  most 
profitable  third  of  our  business.  I  suggested  to  his  partner  that 
if  he  would  only  induce  him  to  come  on  the  Board  tne  Company 
would  be  more  than  well  served.  Another  great  advantage  whicn 
I  venture  to  think  will  be  felt  during  my  absence,  is  that  Mr. 
Hilton  lives  within  an  hour's  walk  of  our  factory,  and  will  be  able 
to  advise  the  Manager  when  necessary.  I  hope  you  will  confirm 
his  election  as  a  Director. 

Turning  to  the  accounto,  again,  the  first  mortgage  debentures 
remain.  They  are  permanent  debentures  at  6  per  cent.,  and  very 
good  inveetmente.  I  think  I  told  you  that  the  whole  of  the 
£10,000  debentures  had  been  paid  off,  with  the  exception  of  £200. 
It  waa  £400  at  the  date  of  this  balanoa-aheet,  but  sinoe  then  £200 
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have  been  paid  off.  As  to  oommiesions,  when  we  applied  for 
£37,500  ol  new  capital,  the  shareholders  oame  forward  with  some- 
thine  between  £17,000  and  £18,000.  It  became  a  question  whether 
we  should  get  the  balance  underwritten  by  a  broker,  or  whether 
we  should  stop  half  way.  We  decided  to  get  the  whole  of  the 
capital  subscribed,  and  for  that  purpose  we  had  to  pay  what  I 
consider  the  very  moderate  sum  of  7^  per  cent,  for  underwriting 
half  of  it.  The  £1,500  is  explained  in  tnat  way.  Off  that  we  pro- 
pose to  write  £400.  The  next  item  is  that  we  appear  on  the  face 
of  this  account  to  be  a  debtor  to  the  National  Provincial  Bank  for 
£2,493.  That  is  the  mere  accident  of  one  of  our  calls,  amounting 
to  £3,000,  bein|^  pavableon  the  1st  of  July  instead  of  the  30th  June, 
and  therefore  in  the  ordinary  course  of  banking,  although  there 
was  no  balance  against  us,  the  cheques  in  our  mioks  appear  ante 
dated  one  day.  The  next  day  the  whole  of  the  money  was  in  and 
there  was  a  substantial  balance  of  £1,000. 

As  to  the  future  we  have  made  arrangements  to  charee  launches 
on  the  Thames  from  our  works.  Another  item  is  that  Mr. 
Fricker  has  desisned  two  very  excellent  little  dynamos  for  the 
purpose  of  supfuyine  houses  requiring  20,  30,  40,  or  50  lights 
which  are  not  within  the  districts  of  any  supply  company. 
He  has  also  made  a  little  motor  which  will  work  during 
the  daytime  from  these  dynamos,  and  do  the  work  <S 
small  gas  engines,  or  will  drive  sewint?  machines,  etc.  The  dynamo 
we  have  called  the  "Hercules," and  the  motor  the  "  Midget."  We 
,  find  there  is  going  to  be  considerable  demand  for  these.  We  have 
opened  a  showroom  in  Queen  Victoria-street  to  brin^  our  machines 
before  the  public.  Another  branch  of  work  far  more  important  than 
the  above,  and  even  more  so  than  electrical  property  m  New  Zea- 
land, is  that  we  have  made  a  contract  with  the  only  people  that 
I  know  who  have  been  able  to  weld  steel  and  cast  iron  with  any 
success.  We  shall  have,  so  far  as  they  can  grant  it,  the  monopoly 
of  the  supply  of  the  machinery  for  tnis  work.  The  experiments 
have  been  carried  on  now  for  nearly  two  years  in  the  North  of 
England  by  customers  of  ours.  One  customer  has  worked  plant 
for  over  a  year.  The  fact  is  getting  rumoured  about  in  the  North, 
and  we  have  had  applications  for  other  plants,  and  I  anticipate 
great  prosperity  for  this  Company  in  this  direction.  Cestings 
worth  £16,  £20,  or  £150  may  be  worthless  because  of  a  flaw 
5in.  long  and  2in.  deep.  We  are  able  by  the  process  I  am  telling 
you  of  to  weld  this  flaw,  to  insert  new  matter,  so  that  when  you 
chip  the  faulty  casting  you  cannot  find  where  the  original  flaw  was, 
so  entirely  homogeneous  is  the  metal  when  welded  by  this  process. 
There  are  other  Uiings  I  should  like  to  talk  about,  but  I  am  afraid 
I  am  always  too  long  on  my  legs.  We  have  been  lighting  the 
Spanish  and  French  Exhibitions  for  the  last  two  years,  and  have  at 
last  succeeded  in  securing  the  Qennan  Exhibition  for  next  year, 
and  upon  terms  equally  advantageous  to  ourselves.  And  I  have 
also,  I  think,  negotiated  for  the  liehting  of  the  Working  Men's 
Exhibition—or  rather  a  Labour  Exhibition — which  is  to  be  held  in 
another  part  of  London.  We  shall  therefore  next  year  be  suffi- 
ciently known  by  the  lighting  of  the  Crystal  Palace  and  the 
German  and  this  other  exhibition,  and  Itnink  our  name  must 
come  forward  more  and  more  every  day.  The  Naval  Exhibition 
we  could  not  afford  to  take,  because  it  is  being  done  gratuitously, 
and  this  is  a  business  which  doesn't  suit  the  Gulcher.  Now,  I  can 
invite  any  criticisims  you  may  have  to  make. 

Kr.  Bartoii  asked  if  the  stock  entered  at  £17,766  was  taken  at 
sale  price  or  at  manufacturing  price  ? 

The  GbAlrBUUi :  At  manufacturing  price,  and  in  many  cases  it 
is  discounted. 

Bli^lor  Cotton  prefaced  his  remarks  by  saying  that  the  share- 
holders were  very  much  indebted  to  their  Chairman  for  his  services. 
He,  the  speaker,  had  been  a  shareholder  from  the  first,  and  spoke 
feelingly.  He  was  sorry  the^  were  not  getting  a  dividend.  As  to 
the  underwriting  of  the  capital,  that  was  practically  issuing  the 
shares  iU>  a  discount,  and  was  a  very  awkward  business.  He 
thought  oounsers  opinion  should  be  taken  on  the  matter,  as  pos- 
sibly the  Directors  might  be  made  personally  liable  if  anything 
happened.  As  to  the  New  Zealand  syndicate,  the  Company  was 
fljuding  £2,500  which  possibly  might  not  be  required ;  but  if  the 
syndicate  was  a  success  he  did  not  want  other  people  to  have  the 
caU  of  them  in  taking  these  shares  in  the  New  Zealand  com- 
pany. Moreover,  it  should  be  ascertained  whether  they  were 
within  their  powers  in  putting  £2,500  into  that  syndicate  and  the 
South- Western  District  Company.  It  appeared  that  they  pro- 
posed, if  the  thine  went  through,  to  tase  £16,000  in  fully-paid 
shares  in  the  New  Zealand  company  in  place  of  their  machinery, 
but  they  ought  to  get  some  cash.  Tne  machinery  could  be  realised, 
but  the  £16,000  worth  of  shares  mu^ht  turn  out  to  be  unmarket- 
able paper.  He  agreed  with  the  Chairman  that  the  Board  should 
be  kept  small,  but  the  object  should  also  be  to  keep  down  ex- 
penses. But  if  they  had  a  small  Board  and  it  drew  the  maximum 
fees,  he  didn't  see  the  advantage  to  the  shareholders.  It  was 
rather  stiff  to  pay  £250  a  year  to  each  of  their  Directors  to  meet 
once  a  month.  liio  doubt  they  were  entitled  to  their  fees,  but  he 
hoped  th^  might  see  their  way  to  meeting  the  shareholders  in  the 
matter.  As  to  the  New  Zealand  estimate,  of  course  blame 
attached  to  the  people  who  made  it,  but  still  the  Directors  might 
have  looked  into  it  more. 

Wbe,  Barton  thought  it  would  be  better  to  have  an  opinion  on 
the  subject  of  the  underwritine  of  the  capital.  He  thought  the 
New  Zealand  matter  might  be  left  to  the  Chairman.  The  proposi- 
tion put  forward  seemed  by  far  the  best  way  out  of  the  business. 

The  Clialmiaa  was  much  obliged  to  Major  Cotton  for  his 
remarks.  It  was  pleasant  to  hear  them,  when  they  had  worked 
together  for  so  long*  ^  ^  ^ke  commission,  he  thought  they  took 
learned  opinion.  He  was  not  quite  sure  whether  it  was  counsel's 
opinion  or  not,  but,  at  any  rate,  they  took  a  lawyer's  opinion 
before  they  agreed  to  give  this  commlmioa»  or  whatever  they 


might  call  it.  But  if  they  liked  to  allow  the  Board  to  spend  the 
money  in  taking  counsel's  opinion  they  would  do  so»  but  it  seemed 
to  him  to  be  no  use. 

KiOor  Cotton,  interposing,  said  it  was  a  question  of  whether 
the  shar^olders  were  not  liable  as  well  as  the  Directoni. 

The  Chairman  (resuming)  said :  Very  well ;  they  would  take 
counsel's  opinion.  As  to  the  New  Zealand  matter,  idl  the  Board 
had  taken  a  substantial  sum  in  the  new  syndicate,  as  they  beUeved 
in  it.  As  Major  Cotton  had  some  doubt  about  the  Compiuiy 
taking  shares  in  it,  they  would  be  most  delighted  if  he  would  come 
forwvd  and  take  some  himself  and  row  m  the  same  boat  with 
them.  They  must  not  forget  that  the  into^sts  of  the  Company 
were  doubly  secured  in  this  way,  that  the  money  which  was  going 
to  be  laid  out  would  be  largely  applied  in  plant  and  machinery  of 
their  manufacture.  He  did  take  the  responsibility  for  the 
error  in  the  estimate  for  lighting.  People  ought  to  be  perfect,  but 
he  was  not.  As  they  knew,  all  the  engineering  was  idt  to  their 
late  engineer,  and  until  then  they  had  no  reason  to  rpgret  anything 
he  did.  However,  once  bit  twice  shy,  and  now  they  did  look  into 
contracts  most  carefuUy.  He  haa  to  thank  them  for  their 
criticisms,  and  would  move  the  adoption  of  the  report  and  balance- 
sheet. 

This  was  seconded  by  Kr.  OrawlaSi  and  carried  unanimously. 

Kr.  Sarton  proposed  the  re-election  of  the  retiring  directors, 
Mr.  De  Castro  and  Mr.  Hilton. 

Kl^|or  Cotton  seconded,  and  this  was  carried  unanimously. 

A  discussion  then  ensued,  in  which  Kajor  Cotton  bore  the 
principal  part  as  to  the  election  of  further  directors,  Mr.  Wallis 
and  Major  Cotton  being  sugeested.  However,  this  fell  through, 
and  the  auditor,  Mr.  RusseU  Day,  having  been  re-elected,  tho 
meetins  terminated  with  a  vote  of  thanks  to  the  Chairman,  pro- 
posed by  ilajor  Cotton  and  seconded  by  Kr. 


NEW  COMPANIES  REGISTERED. 


Sloetrio  Stores,  Limited.— Registered  by  G.  D.  Freeman,  103a, 
Paul-street,  Finsbury-equare,  with  a  capital  of  £15,000  in  £1 
shares.  Object :  to  carry  on  as  principals  or  agents  the  business 
of  electrical  stores.     Registered  without  articles  of  association. 


CITT   NOTES. 


West  AfTioan  Telegrapli  Company. — The  Directors  announoe 
an  interim  dividend  for  the  first  half  of  the  current  year  of  4s.  per 
share,  payable  on  the  22nd  inst. 

Bnaineaa  Notice. — We  are  informed  that  the  style  of  Messrs. 
Ernest  Scott  and  Co.,  electrical  eneineers,  of  Xewcastle-on-Tyne, 
has  been  altered  to  Ernest  Scott  and  Mountain,  Limited. 

BoslneaaNotiee.— Messrs.  Turvey  and  Gullette  announoe  that 
they  have  opened  an  electrical  instrument  manufactory  at  White 
Horse  Electrical  Works^  Cow  Cross-street,. Farringdon-road,  K.C. 

Teleplione  Company  of  Anstrtn. — Coupon  No.  12   of  the   5 

per  cent,  debentures  of  this  Company  will  be  paid,  less  income 
tax,  by  Messrs.  Martin  and  Co.,  Lombard-street,  E.C.,  on  and 
after  January  1. 

KanitolM  Beotrlo  and  Ooa  Light  Company. — ^Messrs.  Robert 
A.  McLean  and  Co.  will,  on  and  after  January  1,  pay  the  half- 
year's  interest  due  on  that  date  on  the  6  per  cent,  first  mort- 
gage debentures  of  this  Company. 

Anglo-Portngnese  Telephone  Company. — Coupons  Ko.  6  of 
the  first  mortgage  and  No.  1  of  the  second  mortgage  debentures 
of  the  Company  will  be  paid,  less  income  tax,  by  the  Alliance 
Bank,  Bartnoiomew-lane,  on  the  let  prox. 

Sleotrio  Antomatlo  Box  Company. — It  is  notified  that  Mr.  F. 
G.  Painter,  of  the  firm  of  Tride,  Clarke,  Painter,  and  Ca,  of  Cole- 
man-street,  E.C.,  the  official  liquidator  of  the  Electrical  Automatic 
Delivery  Box  Company,  Limited,  will,  with  the  sanction  of  Mr. 
Justice  Kekewich,  forthwith  pay  208.  in  the  pound  to  all  creditors 
who  have  proved  their  claims. 

Kaatem  Telegraph  Company. — This  Company  announce  the 
payment,  on  January  15,  of  interest  of  3s.  per  share,  less  income 
tax,  being  at  the  rate  of  6  per  cent,  per  annum  on  the  preference 
shares  for  the  quarter  ending  Decemoer  31,  and  the  usual  interim 
dividend  of  2s.  fid.  per  ah^e  on  the  ordinary  shares,  tax  free,  in 
respect  of  profits  for  the  quarter  ended  September  30  last. 
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